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PREFATORY  NOTE  TO  THE  THIRD  EDITION. 


In  offering  to  the  Profession  this  Third  English  Edition,  I  would  only  say  that 
the  whole  work  has  again  been  thoroughly  revised  and  in  many  parts  extended. 
In  all  respects  I  have  endeavored  to  keep  it  abreast  of  the  latest  investigations  in 
Physiology  and  their  bearing  on  Practical  Medicine  and  Surgery. 

I  have  again  to  thank  my  publishers  for  enabling  me  to  enhance  the  usefulness 
of  the  work  by  very  numerous  additions  to  the  Illustrations,  which  now  number 
692  as  compared  with  the  494  of  the  First  Edition.  Many  of  these  new  engrav- 
ings are  original ;  others  are  derived  from  the  Sixth  German  Edition  of  the  work, 
from  Stohr's  Lehrbuch  der  Histologies  Quain's  Anatomy j  Ferrier's  Functions  of  the 
Brain  (Second  Edition),  H.  OheisteineT^s  A nteitung  deim  Studium  des  Baues  der 
mrvSsen  Centralorganej  Rollett's  Article  on  "Muscle"  in  the  Jieai-£ncyciopadie, 
Gowers'  Diseases  of  the  Nervous  System,  and  most  of  those  for  the  chapter  on 
Reproduction  from  Haddon's  Introduction  to  Embryology. 

In  addition,  I  have  to  tender  special  acknowledgments  to  my  colleagues  and 
friends,  Professors  A.  H.  Young,  James  Ross,  A.  W.  Hare  and  Dr.  Aug.  D. 
Waller;  as  well  as  to  Messrs.  Carl  Reichert,  of  Vienna;  W.  Petzold,  of  Leipzic; 
Rothe,  of  Prague;  Maw,  Cassella,  Krohne  and  Sesemann,  Evans  &  Wormall,  of 
London,  and  Ferries  &  Co.,  of  Bristol. 

For  the  first  time  the  work  appears  here  in  one  volume — ^an  arrangement 

adopted  both  to  meet  the  wishes  of  Students  and  to  facilitate  easy  reference.     I 

can  but  express  a  hope  that  the  present  Edition,  in  its  new  form,  will  meet  with 

the  same  very  kind  reception  accorded  to  its  predecessors. 

WILLIAM  STIRLING. 
The  Owens  College, 

Manchester. 
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PREFACE  TO  THE  FIRST  EDITION. 


Thk  fact  that  Professor  Landois'  ** Lehrbuch  Jer  Physiologie  des  Menschen^^ 
has  already  passed  through  four  large  Editions  since  its  first  appearance  in  1880, 
shows  that  in  some  special  way  it  has  met  the  wants  of  Students  and  Practitioners 
in  Germany.  The  characteristic  which  has  thus  commended  the  work  will  be 
found  mainly  to  He  in  its  eminent //-(if//Va/i/>-/  and  it  is  this  coiiMderation  which 
has  induced  me  to  undertake  the  task  of  putting  it  into  an  English  dress  for 
English  readers. 

Landois^  work,  in  fact,  forms  a  Bridge  between  Physiology  and  the  Practice 
of  Medicine.  It  never  loses  sight  of  the  fact  that  the  Student  of  to-day  is  the 
prscticing  Physician  of  to-morrow.  Thus,  to  every  Section  is  appended — after  a 
full  description  of  the  normal  processes — a  short  risumi  of  the  pathological  varia- 
tions, the  object  of  this  being  to  direct  the  attention  of  the  Student,  from  the 
outset,  to  the  field  of  his  future  practice,  and  to  show  him  to  what  extent  patho- 
logical processes  are  a  disturbance  of  the  normal  activities. 

In  the  same  way,  the  work  offers  to  the  busy  physician  in  practice  a  ready 
means  of  refreshing  his  memory  on  the  theoretical  aspects  of  Medicine.  He  can 
pass  backward  from  the  examination  of  pathological  phenomena  to  the  normal 
processes,  and,  in  the  study  of  these,  find  new  indications  and  new  lights  for  the 
appreciation  and  treatment  of  the  cases  under  consideration. 

With  this  object  in  view,  all  the  methods  of  investigation  which  may  with 
advantage  be  used  by  the  Practitioner,  are  carefully  and  fully  described  ;  and 
Histology,  alsor  occupies  a  larger  place  than  is  usually  assigned  to  it  in  Text-books 
of  Physiology. 

A  word  as  to  my  own  share  in  the  present  version  : — 

(I)  In  the  task  of  translating,  I  have  endeavored  throughout  to  convey  the 
aothor's  meaning  accurately,  without  a  too  rigid  adherence  to  the  original.  Those 
who  from  experience  know  something  of  the  difficulties  of  such  an  undertaking 
will  be  most  ready  to  pardon  any  shortcomings  they  may  detect. 

C«)  Very  considerable  additions   have  been  made  to  the  Histological,  and 

also  (where  it  has  seemed  necessary)   to  the  Physiological  sections.     All  such 

additions  are  enclosed  within  square  brackets  [  ].     I  have  to  acknowledge  my 

indebtedness  to  many  valuable  Papers  in  the  various   Medical  Journals — British 

ix 


X  PREFACE. 

and  Foreign — and  also  to  the  Histological  Treatises  of  Cadiat,  Ranvier,  and  Klein ; 
Quain's  Anaiomyt  Vol.  ii,  Ninth  Edition  ;  Hermann's  Handbuch  der  Physiohgie; 
and  the  Text-books  on  Physiology,  by  Rutherford,  Foster,  and  Kirkes;  Gamgee's 
Physiological  Chemistry;  Ewald's  Digestion;  and  Roberts'  Digestive  Ferments. 

(3)  The  Illustrations  have  been  greatly  increased  in  number,  viz.,  from  275 
in  the  Fourth  German  Edition  to  494  in  the  English  version.  These  additional 
Diagrams,  with  the  sources  whence  derived,  are  distinguished  in  the  List  of  Wood- 
cuts by  an  asterisk. 

There  only  remains  for  me  now  to  express  my  thanks  to  all  who  have  kindly 
helped  in  the  progress  of  the  work,  either  by  furnishing  Illustrations  or  otherwise 
— especially  to  Drs.  Byrom  Bramwell,  Dudgeon,  Lauder  Brunton,  and  Knott ; 
Mr.  Hawksley ;  Professors  Hamilton  and  McKendrick ;  ta  my  esteemed  teacher 
and  friend,  Professor  Ludwig,  of  Leipzic ;  and,  finally,  to  my  friend,  Mr.  A. 
W.  Robertson,  m.a.,  formerly  Assistant  Librarian  in  the  University,  and  now 
Librarian  of  the  Aberdeen  Public  Library,  for  much  valuable  assistance  while  the 
work  was  passing  through  the  press. 

In  conclusion — and  forgetting  for  the  moment  my  own  connection  with  it — I 
heartily  commend  the  work/rr  j-^  to  the  attention  of  Medical  men,  and  can  wish 
for  it  no  better  fate  than  that  it  may  speedily  become  as  popular  in  this  country 
as  it  is  in  its  Fatherland. 

WILLIAM  STIRLING. 
Aberdeen  University. 
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INTRODUCTION. 


THE  SCOPE  OF  PHYSIOLOGY  AND  ITS  RELATIONS  TO  OTHER  BRANCHES  OF 

NATURAL  SCIENCE. 

Physiology  is  the  science  of  the  vital  phenomena  of  organisms,  or,  broadly,  it  is 
the  Doctrine  of  Life.  Correspondingly  to  the  divisions  of  organisms,  we  distin- 
guish— {i)  Animal  Physiology ;  (2)  Vegetable  Physiology ;  and  (3)  the /*A>'«>/c£)' 
of  the  Lowest  Living  Organisms^  which  stand  on  the  border  line  of  animals  and 
plants,  /'.  e.j  the  so-called  Protista  of  Haeckel,  micro-organisms,  and  those  ele- 
mentary organisms  or  cells  which  exist  on  the  same  level. 

The  object  of  Physiology  is  to  establish  these  phenomena,  to  determine  their 
regularity  and  causes,  and  to  refer  them  to  the  general  fundamental  laws  of 
Natural  Science,  viz.,  the  Laws  of  Physics  and  of  Chemistry. 

The  following  Scheme  shows  the  relation  of  Physiology  to  the  allied  branches 
of  Natural  Science  : — 

BIOLOGY. 

The  science  of  organized  beings  or  organisms  (animals,  plants,  protistse,  and 
elementary  organisms). 


I.  Morphology. 

The  doctrine  of  the  form  of  organ- 
isms. 

General 
Mofphol<^y. 


Tbe  doctrine  of  the 
formed  elementary 
constituents  of  or- 
ganisms. 

(Histology) — 
(a)  Histology  of  Plants,    [a)  Phytotomy. 
\b)  Histology  of  Animals.  \b)  Zootomy. 


Special 
Morphology. 
The   doctrine   of   the 
parts  and  organs  of 
organisms. 
(Organology — 
Anatomy) — 


II.  Physiology. 

The    doctrine    of   the    vital   phe- 
nomena of  organisms. 


General 
Physiology. 

The  doctrine  of  vital 
phenomena  in  gene- 
ral— 

{a)  Of  Plants. 

{b)  Of  Animals. 


Special 
Physiology. 

The  doctrine  of  the 
activities  of  the  in- 
dividual organs — 

{a)  Of  Plants. 

{b)  Of  Animals. 


III.  Embryology. 


The  doctrine  of  the  generation  and  development  of  organisms. 

f    .      u;_. _r  .i._    J 1 1    .f  -\ 


Morphological  part  of  the 
doarine  of  development, 
i.  e.,  the  doctrine  of  form 
in  its  stages  of  develop- 
ment— 

{a)  General. 

{b)  Special. 


1.  Histoty  of  the  development  of 
single  beings,  of  the  individual 
{e.g.,  of  man)  from  the  ovum 
onward  (Ontogeny) — 

{a)  In  Plants. 
\b)  In  Animals. 

2.  History  of  the  development  of 
a  whole  stock  of  organisms  from 
the  lowest  forms  of  the  series 
upward  (Phylogeny) — 

(a)  In  Plants. 
{b)  In  Animals. 


Physiological  part  of  the 
doctrine  of  development, 
i.  e.,  the  doctrine  of  the 
activity  during  devclop- 
ment — 

(a)  General. 

{b)  Special. 


Morphology  and  Physiology  are  of  equal  rank  in  biological  science,  and  a 
previous  acquaintance  with  Morphology  is  assumed  as  a  basis  for  the  comprehen- 
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sion  of  Physiology,  since  !he  work  of  an  organ  can  only  be  properly  understood 
when  its  external  fcrni  and  its  internal  arrangements  are  known.  Development 
occupies  a  middle  place  between  Morphology  and  Physiology  ;  it  is  a  morpho- 
logical discipline  in  so  far  as  it  is  concerned  with  the  description  of  the  parts  of 
the  developing  organism;  it  is  a  physiological  doctrine  in  so  far  as  it  studies  the 
activities  and  vital  f^henomettii  during  the  course  of  development. 

MATTER. — The  entire  visible  world,  including  all  organisms,  consists  of 
matter,  /.  *r.,  of  substance  which  occupies  space. 

We  distinguish  ponderahle  matter  which  has  weight,  and  imponderable  matter 
which  cannot  be  weighed  in  a  balance.     The  latter  is  generally  termed  ether. 

In  ]>onderable  materials,  again,  we  distinguish  their  form^  i.e.y  the  nature  of 
their  limiting  surfaces;  further,  their  volume^  i.  e,^  the  amount  of  space  which 
they  occupy  ;  and  lastly,  their  aggregate  condition^  i.e. ^  whether  they  are  solid, 
fluid,  or  gaseous  bodies. 

Ether. — The  ether  fills  the  space  of  the  universe,  certainly  as  far  as  the  most 
distant  visible  stars.  This  ether,  notwithstanding  its  imponderability,  possesses 
distinct  mechanical  properties;  it  is  infinitely  more  attenuated  than  any  known 
kind  of  gas,  and  l>ehaves  more  like  a  solid  body  than  a  gas,  resembling  a  gelati- 
nous mass  rather  than  the  air.  It  participates  in  the  luminous  phenomena  due  to 
the  vibrations  of  the  atoms  of  the  fixed  stars,  and  hence  it  is  the  transmitter  of 
light,  which  is  conducted  by  means  of  its  vibrations,  with  inconceivable  rapidity 
(42,220  geographical  miles  per  second),  to  our  visual  organs  {Tymlall). 

]m]X)nderable  matter  (ether)  and  ponderable  matter  are  not  separated  sharply 
from  each  otiicr ;  rather  docs  the  ether  penetrate  into  all  the  spaces  existing 
between  the  smallest  particles  of  ponderable  matter. 

Particles. — Supposing  that  ponderable  matter  were  to  be  subdivided  con- 
tinuously into  smaller  and  smaller  portions,  until  we  reach  the  last  stage  of 
division  in  which  it  is  possible  to  recognize  the  aggregate  condition  of  the  matter 
operated  upon,  we  should  call  the  finely-divided  portions  of  matter  in  this  state 
particles.  Particles  of  iron  would  still  be  recognized  as  solid,  particles  of  water  as 
Jluidy  particles  of  oxygen  ^gaseous. 

Molecules. — Supposing,  however,  the  process  of  division  of  the  particles  10 
be  carried  further  still,  we  should  al  last  reach  a  limit,  beyond  which,  neither  by 
mechanical  nor  by  physical  means,  could  any  further  division  be  effected.  We 
should  have  arrived  at  the  molecules.  A  molecule,  therefore,  is  the  smallest 
amount  of  matter  which  can  still  exist  in  a  free  condition,  and  which  as  a  unit  no 
longer  exhibits  the  aggregate  condition. 

Atoms. — But  even  molecules  arc  not  the  final  units  of  matter,  since  every 
molecule  consists  of  a  group  of  smaller  units,  called  atoms.  An  atom  cannot 
exist  by  itself  in  a  free  condition,  but  the  atoms  unite  with  other  similar  or  dis- 
similar atoms  to  form  groups,  which  are  called  molecules.  Atoms  are  incapable 
of  further  subdivision,  hence  their  name.  We  assume  that  the  atoms  are  invari- 
ably of  the  same  size,  and  that  they  are  solid.  From  a  chemical  point  of  view, 
the  atom  of  an  elementary  body  (element)  is  the  smallest  amount  of  the  element 
which  can  enter  into  a  chemical  combination.  Just  as  {Kinderable  matter  consists 
in  its  ultimate  parts  of  ponderable  atoms,  so  does  the  ether  consist  of  analogous 
small  clher-aloms. 

Ponderable  and  Imponderable  Atoms. — The  ponderable  atoms  within 
ponderable  matter  arc  arranged  in  a  definite  relation  to  the  ether-atoms.  The 
|)onderable  atoms  mutually  attract  each  other,  and  similarly  they  attract  the 
imponderable  ether-atoms ;  but  the  ether-atoms  repel  each  other.  Hence,  in 
ponderable  masses,  ether-atoms  surround  every  ponderable  atom.  These  masses, 
in  virtue  of  the  attraction  of  the  ponderable  atoms,  tend  to  come  together,  but 
only  to  the  extent  permitted  by  the  surrounding  ether-atoms.  Thus  the  ponderable 
atoms  can  never  come  so  close  as  not  to  leave  interspaces.     All  matter  must, 
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therefore,  be  regarded  as  more  or  less  loose  antl  open  in  texture,  a  condition  due 
to  the  interpenetrating  ether-atoms,  which  resist  the  direct  contact  of  the 
ponderable  atoms. 

Aggregate  Condition  of  Atoms. — The  relative  arrangement  of  Ihe  molecules, 
i".  ^. ,  the  smallest  particles  of  matter  which  can  be  isolated  in  a  free  condition, 
determines  the  aggregate  condition  of  the  body. 

Within  a  solid  body,  characterized  by  the  i^ermanence  of  its  volume  as  well  as 
by  ihe  independence  of  its  form,  the  molecules  are  so  arranged  that  they  cannot 
readily  be  displaced  from  iheir  relative  positions. 

Fluid  bodies,  although  their  volume  is  permanent,  readily  change  their  shape, 
and  their  molecules  are  in  a  condition  of  continual  movement. 

When  this  movement  of  the  molecules  takes  so  wide  a  range  that  the  individual 
molecules  fly  apart,  the  body  becomes  gaseous,  and  as  such  is  characterized  by 
the  instability  of  its  form  as  well  as  by  the  changeableness  of  its  volume. 

Physics  is  the  study  of  these  molecules  and  their  motions. 

FORCES. 

I.  Gravitation^Work  done. — All  phenomena  appertain  to  matter.  These 
phenomena  are  the  appreciable  expression  of  the  forces  inherent  in  matter.  The 
forces  themselves  are  not  appreciable,  they  arc  the  causes  of  tbe  phenomena. 

Gravitation. — The  law  of  gravitation  postulates  that  every  particle  of  ponder- 
able mailer  in  the  universe  attracts  every  other  particle  with  a  certain  force. 
This  force  is  inversely  as  the  square  of  the  distance.  Further,  the  attractive  force 
is  directly  proportional  to  the  amount  of  the  attracting  matter,  without  any  refer- 
ence to  the  quality  of  the  body.  We  may  estimate  the  intensity  of  gravitation 
b)'  the  extent  of  the  movement  which  it  communicates  to  a  body  allowed  lo  fall, 
for  one  second,  through  a  given  distance,  in  a  space  free  from  air.  Such  a  body 
will  fall  in  vacuo  9.S09  metres  per  second.  This  fact  has  been  arrived  at  experi- 
mentally. 

Let  U5  represent  ^.^  9.S09  ntetres,  the  final  velocity  of  the  freely  falling  body  at  ibe  end  of  one 
•ecoDd.     The  velociiy,  V,  of  the  freely  falling  liotly  is  propoitional  to  the  time,  /,  so  thai 

V=^ (I); 

r,  *.,  at  the  end  of  the  1st  tec,  antl  V  ^^,  I  ^  g  =9.809  M — the  dUtancc  Iravened — 

'  =  f  " (*y- 

*.  r,  the  distances  are  u  (he  square  of  the  times.  Hence,  from  (i)  and  (2)  it  follows  (by  eliminat- 
\agH  that— 

V  =  v"^ (3)- 

'Hie  velocities  are  as  (he  square  roots  of  the  distances  traversed — 

Therefore  =  f (4). 

The  freely  falling  body,  and  in  fact  every  freely  moving  body,  possesses  kinetic 
energy,  and  is  m  a  certain  sense  a  magazine  of  energy.  The  kinetic  energy  of 
*ny  moving  body  is  always  equal  to  the  product  of  its  xveight  ^estimated  by  the 
lulance),  and  the  height  to  which  il  would  rise  from  the  earth,  if  it  were  thrown 
from  the  earth  with  its  own  velociiy. 

Lcl  \V  represent  the  kinetic  energy  nf  the  moving  body,  and  P  its  weight,  then  W  =  P.  /,  10  that 
>Q  '4)  l(  follow*  that— 

W  =  P^ (5). 

Hence,  the  kinetic  energy  of  a  body  is  proportional  to  the  square  of  its  velocity. 

Work. — If  a  force  (pressure,  strain,  tension)  be  so  applied  to  a  body  as  to 

wore  it,  a  certain  amount  of  70orJt  is  performed.     The  amount  of  work  is  equal 
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to  the  product  of  the  amount  of  the  pressure  or  strain  which  moves  the  body, 
and  of  the  distance  through  which  it  is  moved. 

Let  K  represent  the  force  acting  on  the  borly,  and  S  the  ttistjince,  then  the  work  W  =  KS.  The 
attraction  tictu'een  the  earth  and  any  body  raised  above  il  is  a  source  of  work. 

It  is  usual  to  express  the  value  of  K  in  kilogrammes,  and  S  in  metres,  so  that 
the  "unit  of  work  "  is  the  kilogramme-inetre,  /.  r.,  the  force  which  is 
required  to  raise  i  kilo,  to  the  height  of  i  metre. 

2,  Potential  Energy. — T/ie  transformation  of  Potential  into  Kinette  Energy, 
and  conversely :  Besides  kinetic  energy,  there  is  also  "potential  energy,"  or 
energy  of  position.  By  this  term  are  meant  various  forms  of  energy,  which  are 
suspended  in  their  action^  and  which,  although  ihcy  may  cawj'*: motion,  are  not  in 
themselves  motion.  A  coiled  watch-spring  kept  in  ihis  position,  a  stone  resting 
upon  a  tower,  are  instances  of  bodies  possessing  potential  energy,  or  the  energy  of 
position.  It  requires  merely  a  push  to  develop  kinetic  from  the  potential  energy, 
or  to  transform  potential  into  kinetic  energy. 

Work,  w,  was  performed  in  raising  the  stone  to  rest  upon  the  tower. 

Iff  ^  fi,  s,  where/)  =  the  weieht  and  s  ^  the  height, 
/  ^  OT.^,  is  ^  the  product  of  the  mass  (m),  and  (he  force  of  gravity  {£),  so  that  w  ^=mg  s. 

This  is  at  the  same  lime  the  expression  for  the  potential  energy  of  the  stone. 
This  potential  energy  may  readily  be  transformed  into  kinetic  energy  by  merely 
pushing  the  stone  so  that  it  falls  from  the  tower.  The  kinetic  energy  of  the  stone 
is  equal  to  the  final  velocity  with  which  it  impinges  upon  the  earth. 

V   -=  j/2^  J  ^sce  above  {3)  ). 
mV*  =    2m  g  I, 
2 

M^jwas  the  expression  for  the  potential  energy  of  the  stone  while  it  was  still 

resting  on  the  height ;     -  Vt  is  the  kinetic  energy  corresponding  to  this  potential 
energy  {^Briicke').  * 

Potential  energy  may  be  transformed  into  mechanical  energy  imder  the  most 
varied  conditions ;  it  may  also  be  transferred  from  one  body  to  another. 

The  movemeat  of  a  pendulum  is  a  suiking  example  of  the  rormer.  When  the  pendulum  is  at 
the  highest  ydvox  of  its  excursion,  it  must  be  regarded  as  absolutely  at  rest  for  on  instant,  and  as 
endoi^ed  with  poicnual  cDcrgy,  thus  corresponding  wiib  the  raised  Jtoiic  in  llic  previous  instance. 
During  the  swing  of  the  pendulum  tliift  pulenlial  energy  is  changed  into  kinetic  energy,  which  is 
greatest  when  the  pendulum  is  moving  roost  rapidly  toward  the  vertical.  As  it  rises  again  from  the 
vertical  position,  it  moves  more  slowly,  and  the  kinetic  energy  is  changed  into  potential  energy, 
which  once  more  reaches  its  maximum  when  the  pendulum  comes  to  rest  at  the  mmost  limit  of  its 
excursion.  Were  it  not  for  the  resistances  continually  opposed  to  its  muveineuis,  such  as  the 
TcsiMance  of  the  air  and  friction,  the  movement  of  the  |>endiilum,  due  to  the  alternating  change  of 
kinetic  into  f^toteotial  energy  and  vice  r^rjf},  would  continue  uninterruptedly,  as  with  a  mathemalical 
pendulum.  Suppoj^e  the  swinging  ball  of  the  pendulum,  when  exactly  in  a  vertical  position, 
impinged  upon  a  resting  but  movable  sphere, the  potential  energy  of  the  ball  of  the  jxndulum  would 
tic  Iran.sfcrrcil  directly  to  the  &]>here.  provided  that  the  elasticity  of  the  liall  nf  the  |)eiidulum  and  the 
s]>here  were  complete;  the  pendulum  would  come  to  rest,  while  the  sphere  would  move  onward 
with  an  etjual  amount  of  kinetic  energy,  provided  there  were  no  resistance  to  its  movement.  This 
is  an  example  of  the  transference  of  kinetic  energy  from  one  body  to  another.  I^aslly,  suppose  that 
a  stretched  watch-spring  on  uncoiling  causes  another  spring  to  become  coiled ;  and  we  have  another 
example  of  the  transference  of  kinetic  energy  from  one  body  to  another. 

The  following  general  statement  is  dcduciblc  from  the  foregoing  examples:  If, 
in  a  system,  the  individual  moving  masses  approach  the  5nal  position  of  equi- 
librium, then  in  this  system  the  sum  of  the  kinetic  energies  increases ;  if,  on  the 
other  hand,  the  particles  move  away  from  the  final  position  of  equilibrium,  then 
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(he  sum  of  the /i;/^«/w/ energies  is  increased  at  the  expense  of  the  kinetic  energies, 
/.  t.f  the  */'«f/r>  energies  diminish  (^Briicke). 

The  pendulum,  which,  after  swinging  from  ihe  hichwt  point  of  in  excursion,  approaches  the 
vcnicat  position,  i.e.,  the  tw^itiun  uf  equilibrium  of  a  pAsiive  |>en(lulum.  has  in  this  poiiiiion  the 
Urgest  amount  of  j>oteni!al  cncr^;  as  it  again  ascends  to  ihe  highest  point  of  its  excursion  on  the 
glhcr  tide,  it  again  gradually  receives  the  maximum  of  potenlial  energy  ax  the  expense  of  the 
paduilly  diminishing  movcmcm,  and  therefore  of  the  kinetic  ener^. 

3*.  Heat. — Ifs  Helatwn  to  Poientiat  and  Kinetic  Energy. — If  a  lead  weight  be 
thrown  from  a  high  tower  to  the  earth,  and  if  it  strike  an  unyielding  substance,  the 
movement  of  the  mass  of  lead  is  not  only  arrested,  but  the  kinetic  energy  (which 
to  the  eye  appears  to  be  lost)  is  transformed  into  a  lively  vibratory  movement  of 
the  atoms.  When  the  lead  meets  the  earth,  heat  is  produced.  The  amount  of 
heat  produced  is  proportional  to  the  kinetic  energy  which  is  transformed  through 
the  concussion.  At  the  moment  when  the  lead  weight  reaches  the  earth,  the 
atonu  arc  thrown  into  vibrations;  ihcy  impinge  upon  each  other  j  then  reboimd 
again  from  each  other  in  consequence  of  their  elasticity,  which  opposes  their  direct 
juxtaposition;  they  fly  asunder  to  the  maximum  extent  permitted  by  the  attractive 
force  of  the  ponderable  atoms,  and  thus  oscillate  to  and  fro.  All  the  atoms  vibrate 
like  a  pendulum,  until  their  movement  is  communicated  to  the  ethereal  atoms 
surrounding  lliem  on  every  side,  /.  e,,  until  the  heat  of  the  heated  mass  is 
*  *  raMated. ' '     //eat  is  thus  a  vibratory  movement  of  the  atoms. 

As  the  amount  of  heal  produced  is  proportional  to  the  kinetic  energy  which  is 
transformed  through  the  concussion,  we  must  hnd  an  adequate  measure  for  both 
forces. 

Heat-Unit. — As  a  standard  of  measure  of  heat,  we  have  the  *'  heat-unit  *'  or 
calorie.  The  "  heat-unit  "  or  calorie  is  the  amount  of  energy  required  to  raise 
the  temperature  of  i  gramme  of  water  i°  Centigrade.  The  "heat-unit"  corres- 
]ionds  to  435.5  gramme-metres,  /'.  e.^  the  same  energy  required  to  heal  1  gramme 
of  water  i"  C.  would  raise  a  weight  of  425-5  grammes  to  the  height  of  i  metre; 
or,  a  weight  of  425.5  grammes,  if  allowed  to  fall  from  the  height  of  i  metre,  would 
by  its  concussion  produce  as  much  heat  as  would  raise  the  temperature  of  i  gramme 
of  water  i'*  C.  The  '•mechanical  equivalent"  of  the  heat-unit  is,  therefore, 
425.5  gramme-metres. 

Ii  is  evident  that  from  the  collision  of  moving  masses  an  immeaEurable  amount  of  beat  can  be 
uced.     I^t  us  apply  what  has  already  been  said  to  the  earth.     Suppose  the  ennh  to  be  di5turl>e<l 

iU  orbit,  and  nippoM  further  tb.il,  owing  to  the  nttraclioii  of  the  sun,  it  were  to  impinge  on  the 
'kncT  I  whereby,  according  to  T<  R-  Mayer,  its  Hnal  velocity  would  be  85  geographical  miles  per 
■econri  I,  the  amount  of  neat  prodnced  liy  the  collision  would  be  equal  to  that  produced  by  the 
combuitiou  of  a  mess  of  pure  charcoal  more  than  5000  times  as  heavy  {JuHh,  Robert  Atayer, 
HetmkoUi). 

Thus,  the  heat  nf  the  sun  itself  can  be  produced  by  the  collbion  of  masses  of  cold  matter.  If  the 
cold  matter  of  the  universe  were  thrown  into  space,  and  there  left  la  the  attraction  of  il»  particles, 
the  collision  of  these  particles  would  ultimately  produce  the  light  of  the  stars.  At  the  present  time, 
■amcrous  cosmic  bodies  collide  in  5|Kice,  while  innumerable  small  meteors  (94,000  to  |8S,000 
billions  of  kilos,  per  minute]  fall  into  the  lun.  The  force  of  gravity  is  perhaixs.  in  fact,  the  only 
SMtCe  of  all  heat  {J.  K.  Mayrr,  TyndaU). 

We  have  a  homely  example  of  the  tran^for motion  of  Icinetic  energy  iutn  heat  in  the  fact  that  a 
Moduomh  may  make  a  piece  of  iron  red  hot  by  hammering  it  Of  the  conversion  of  heat  into 
kinetic  enei^  we  have  an  example  in  the  hot  wntcr\'  vapor  ^steam)  of  the  sleam  engine  raising  the 
pbton.  An  example  of  the  conversion  of  potential  energy  into  heat  occurs  in  a  metallic  spring, 
*^n  it  uncoils  and  is  so  placed  as  to  rub  against  a  rough  surface,  producing  heat  by  friction, 

4.  Chemical  Affinity  :  Relation  to  Heat. — While  gravity  acts  upon  the 
particles  of  matter  without  reference  to  the  composition  of  Ihe  body,  there  is 
another  atomic  force  which  acts  between  atoms  of  a  chemically  different  nature; 
this  is  chemical  affinity.  This  is  the  force  in  virtue  of  which  the  atoms  of 
chemically  different  Ijodies  unite  to  form  a  chemical  compound.  The  force 
itself  varies  greatly  between  the  atoms  of  different  chemical  bodies;  thus  wc  speak 
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of  strong  chemical  affinities  and  weak  affinities.  Just  as  we  were  able  to  estimate 
the  potential  energy  of  a  body  in  motion  from  the  amount  of  heat  which  was 
produced  when  it  collided  with  an  unyielding  body,  so  we  can  measure  the  amount 
of  heat  which  is  formed  when  the  atoms  of  chemically  different  bodies  unite  to 
form  a  chemical  compound.  As  a  rule,  heat  is  formed  when  separate  chemically- 
different  atoms  form  a  compound  body.  When,  in  virtue  of  chemical  affinity, 
the  atoms  of  i  kilo,  of  hydrogen  and  S  kilos,  of  oxygen  unite  to  form  the  chemical 
compound  water,  an  amount  of  heat  is  thereby  evolved  which  is  equal  to  <hat 
produced  br  a  weight  of  47,000  kilos,  falling  and  colliding  with  the  earth  from  a 
height  of  1000  feet  above  the  surface  of  the  earth.  If  i  gramme  of  H  be  burned 
along  with  the  requisite  amount  of  O  to  form  water,  it  yields  34,460  heat-units  or 
calories :  and  1  gramme  carbon  burned  to  carbonic  acid  (carbon  dioxide)  yields 
8080  heat-units.  IVherevrr,  in  chemical  processes,  strong  chemical  affinities  are 
satisfied,  heat  is  set  free ^  i.e.,  chemical  affinity  is  changed  into  heat.  Chemical 
aiffinily  is  a  form  of  potential  energy  obtaining  between  the  most  different  atoms, 
which  during  chemical  processes  is  changed  into  heat.  Conversely,  in  those 
chemical  processes  where  strong  affinities  are  dissolved,  and  chemically -united 
atoms  thereby  pulled  asunder,  there  must  be  a  diminution  of  temperature,  or,  as 
it  is  said,  heat  becomes  latent — that  is,  the  energy  of  the  heat  which  has  become 
latent  is  changed  into  chemical  energy,  and  this,  after  decomposition  of  the 
compound  chemical  body,  is  again  represented  by  the  chemical  affinity  between 
its  isolated  different  atoms. 

LA^V  OF  THE  CONSERVATION  OF  ENERGY.— Julius  Robert 
Mayer  and  Helmholtz  have  established  the  important  law  that,  in  a  system  which 
docs  not  receive  any  influence  and  impression  from  without,  the  sura  of  all  the 
forces  acting  within  it  is  always  the  same.  The  various  forms  of  energy  can  be 
transformed  one  into  the  other,  so  that  kinetic  energy  m^  be  transformed  into  poten- 
tial energy  and  rice  versa,  but  there  is  never  any  part  of  the  energy  lost.  The 
transformation  takes  place  in  such  measure  that,  from  a  certain  definite  amount 
of  one  form  of  energy  a  definite  amount  of  another  can  be  obtained. 

The  various  forms  of  energy  acting  in  organisms  occur  in  the  following 
modifications : — 

1.  Molar  motion  (.ordinar)*  mo>*ements>.  as  in  the  movements  of  the  whole 
body,  of  the  limbs,  or  of  the  intestines,  and  even  those  observable  microscopically 
in  connection  with  cells, 

2.  Movements  of  Atoms  as  Heat. — We  know,  in  connection  with  the 
vibration  of  atoms,  that  the  number  of  vibrations  in  the  unit  of  time  determines 
whether  the  oscillations  apj^ar  as  heat,  light,  or  chemically-active  vibrations. 
Heat-vibrations  have  the  smallest  number,  while  chemically-active  vibrations 
have  the  largest  nnmlx'r.  light-vibr.\iions  standing  between  the  two.  In  the 
human  body  we  only  observe  heat-vibrations,  but  some  of  the  lower  animals  are 
capable  of  exhibiting  the  phenomena  of  light. 

In  the  human  organism  the  molar  mo\*emcnis  in  the  individual  organs  are  con- 
stantly l^irg  transiormed  into  heat.  *'.<-..  the  kinetic  energy  in  the  organs  of  the 
circulation  is  tratisformevl  l\v  tViction  into  heat.  The  measure  of  this  is  the 
*•  unit  of  work"  =  1  gramme-metre,  anvl  the  "unit  of  heat"  =l  425.5 
gram  me- met  res. 

3.  Potential  Energy.—  rhe  ory.uustu  ixuitains  many  chemical  compounds 
which  are  char,ioter:revl  bv  the  great  compiexitv  v^t"  their  constitution,  by  the 
imperfect  Sii:t:ra:ion  ol  their  atrinmes.  and  henee  by  their  great  tendency  to  split 
up  into  simpler  Ixsiies. 

The  body  can  transform  the  ivtential  energ\  into  heat  as  well  as  into  kinetic 
energy,  the  latter  alwa>^  in  ivniumtton  with  the  (oT«\er»  but  the  former  always 
by  itself  alone.  The  sii^est  me^fsurit  1^'  tie  A*».'<tftW.*  e%ni^  is  tke  ^mimnt  if  heat 
which  can  be  obrained   by  complete  iXMmSuslton  of  tM  chemical  compounds 


representing  the  potential  energy.  The  number  of  work-units  can  then  be  calcu- 
lated from  the  amount  of  heal  produced. 

4.  The  phenomena  of  electricity,  magnetism,  and  diamagnetism  maybe 
recognized  in  two  directions,  as  movements  of  the  smallest  particles,  which  arc  recog- 
nized in  the  glowing  of  a  thin  wire  when  it  is  traversed  by  strong  electrical  currents 
(against  considerable  resistance),  and  also  as  molar  movement,  as  in  the  attraction 
or  repulsion  of  the  magnetic  needle.  Electrical  phenomena  are  manifested  in  our 
bodies  by  mus<;le,  nerve,  and  glands,  but  these  phenomena  are  relatively  small  in 
amount  when  compared  with  the  other  forms  of  energy.  It  is  not  improbable 
that  the  electrical  phenomena  of  our  bodies  become  almost  completely  transformed 
into  heat.  As  yet  experiment  has  not  determined  with  accuracy  "a  unit  of  elec- 
tricity "  directly  comparable  with  the  "  heat-unit  "  and  the  "  work-unil." 

It  is  quite  certain  that  within  the  organism  one  form  of  energy  can  be  trans- 
formed into  another  form,  and  that  a  certain  amount  of  one  form  will  yield  a 
de&nite  amount  of  another  form  ;  further,  that  new  energy  never  arises  spontane- 
oasly,  nor  is  energy  already  present  ever  destroyed,  so  that  in  the  organism  the 
law  of  the  conservation  of  energy  is  continually  in  action. 

ANIMALS  AND  PLANTS.— The  animal  body  conuins  a  quantity  of 
cberaically-potential  energy  stored  up  in  its  constituents.  The  total  amount  of 
the  energy  present  in  the  human  body  might  be  measured  by  burning  completely 
an  entire  human  body  in  a  calorimeter^  and  thereby  determining  how  many  heat- 
units  are  produced  when  it  is  reduced  to  ashes  (see  Animal  J  feat). 

The  chemical  compounds  containing  the  potential  energy  are  characterized  by 
the  complicated  relative  position  of  their  atoms,  by  a  comparatively  imperfect 
saturation  of  the  aftinities  of  their  atoms,  by  the  relatively  small  amount  of 
oxygen  which  they  contain,  by  their  great  tendency  to  decomposition,  and  the 
^ility  with  which  they  undergo  decomposition. 

If  a  man  were  not  supplied  with  food  he  would  lose  50  grammes  of  his  body 
weight  every  hour;  the  material  part  of  his  body,  which  contains  the  potential 
energy,  is  used  up,  oxygen  is  absorbed,  and  a  continual  process  of  combustion 
takes  place;  by  the  process  of  combustion  simpler  substances  are  formed  from  the 
more  complex  compounds,  whereby  potential  is  converted  into  kinetic  energy. 
It  is  immaterial  whether  the  combustion  is  rapid  or  slow;  the  same  amount  of 
the  same  chemical  substances  always  produces  the  same  amonnt  of  kinetic  energy, 
Le.y  of  heat. 

A  person,  when  fasting,  experiences  after  a  certain  time  the  disagreeable  feeling 
of  exhaustion  of  his  reserve  of  potential  energy,  hunger  sets  in.  and  he  takes  food. 
Aii  food  for  the  animal  kin^^dom  is  oi'tained^  either  directly  or  imiirectly\  from  the 
9fgeta6lr  kingdom.  Even  carnivora,  which  cat  the  flesh  of  other  animals,  only 
eat  organized  matter  which  has  been  formed  from  vegetable  food.  The  existence 
of  the  animal  kingdom  presupposes  the  existence  of  the  vegetable  kingdom. 

All  substances,  therefore,  necessary  for  the  food  of  animals  occur  in  vegetables. 
Besidrs  water  and  the  inorganic  constituents,  plants  contain,  among  other 
organic  compounds,  the  following  three  chief  representatives  of  food-stuffs — fats, 
carbohydrates,  and  proteids. 

All  the^e  contain  stores  of  potential  energy,  in  virtue  of  their  complex  chemical 
constitution. 


T.     f  *  .  ■  S  CnH^.,()(OII)  =  fatty  acids  \ 

The  fats  contam :-  |  ^  QH.COH),  L  glycerin        } 

The  carbohydrates  contain  : — CoHioO, 

rc. 


The  proteids  contain  per  cent.  : — 


5I-5-54-5 

6-9-  7-3 

15.2-17.0 

20.9-23.5 

0.3-  2.0 J 


(§250. 


348  and  249). 
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A  man  who  lakes  a  certain  amount  of  this  food  adds  thereto  oxygen  from  the 
air  in  the  proce^*.  of  respiraiion.  Combustion  or  oxidation  then  takes  pUcei 
whereby  chemically-potential  energy  is  transformed  into  heat. 

It  is  evident  that  ihe  products  of  this  combustion  must  be  bodies  of  simpler 
constitution — bodies  with  less  complex  arrangement  of  their  atoms,  with  the 
greatest  possible  saturation  of  the  affinities  of  their  atoms,  of  greater  stability, 
partly  rich  in  O,  and  j^osscssing  either  no  jxitential  energy,  or  only  very  little. 
These  bodies  are  carbon  dioxide.  CO; ;  wrater,  H^O  ;  and  as  the  chief  repre- 
sentative of  the  nitrogenous  excreta,  urea  (CO(NH,),),  which  has  still  a  small 
amount  of  potential  energy,  but  which  outside  the  body  readily  splits  into  CO, 
and  ammonia  (NHj). 

The  human  body  is  an  organism  in  which,  by  the  phenomena  of  oxidation,  the 
complex  nutritive  materials  of  the  vegetable  kingdom,  which  are  highly  charged 
with  potential  energy,  are  transformed  into  simple  chemical  bodies,  whereby  the 
])otcntiaI  energy  is  transformed  into  the  equivalent  amount  of  kinetic  energy 
(heat,  work,  electrical  phenomena). 

But  how  do  plants  form  these  complex  food-stuffs  so  rich  in  potential  energy? 
It  is  plain  that  the  potential  energy  of  plants  must  be  obtained  from  some  other 
form  of  energy.  This  potential  energy  is  supplied  to  plants  by  the  rays  of  the 
sun,  whose  chemical  light*rays  are  absorbed  by  plants.  Without  the  rays  of  the 
sun  there  could  be  no  plants.  Plants  absorb  from  the  air  and  the  soil  CO,,  H,0, 
NH,,  and  N,  of  which  carbon  dioxide,  water,  and  ammonia  (from  urea)  are  also 
produced  by  the  excreta  of  animals.  Planis  absorb  ihe  kinetic  fmtgy  of  /ighi/rom 
the  sun^s  rays  and  transform  it  into  potential  energy,  which  is  accumulated  during 
the  growth  of  the  plant  in  its  tissues,  and  in  the  food-stuffs  produced  in  them 
during  their  growth.  This  formation  of  complex  chemical  compounds  is  accom- 
panied by  the  simultaneous  excretion  of  O. 

Occasionally,  kinetic  encrg)-,  such  as  wc  unirersally  meet  with  in  animals,  is  liberated  in  pUntt. 
Many  pUnt&  develop  coiiMderablc  quantities  uf  heat  in  their  flowers,  r-c*-.  the  arum  tribe.     Wc  muM 
also  rein«mt>er  that  during  the  forroation  of  the  solid  parts  of  plants,  when  fluid  juices  are  changed 
into  solid  moties,  heat  is  set  free.     In  plants,  under  certain  circumMaucei,  (>  is  at>sorlicd.  and  OJ,  { 
\%  excreted,  but  these  proceues  are  so  trivial  as  compared  with  the  typical  condition  in  the  vegetable  | 
kingdom,  that  they  may  be  r^orded  as  of  smalt  moment. 

Plants,  therefore,  are  organisms  which,  by  a  reduction  process,  transform 
simple  stable  combinations  into  complex  compounds,  whereby  potential  solar 
energy  is  transformed  into  the  chemically-potential  energy  of  vegetable  tissues. 
Animals  are  living  beings,  which  by  oxidation  decompose  or  break  up  the  com- 
plex grouping  of  atoms  manufactured  by  plants,  whereby  potential  is  transformed 
into  kinetic  energy.  Thus,  there  is  a  constant  circulation  of  matter  and  a  con- 
stant exchange  of  energy  between  plants  and  animals.  All  the  energy  of  animals 
is  derived  from  plants.  All  the  energy  of  plants  arises  from  the  sun.  Thus  the 
sun  is  the  cause,  the  original  source  of  all  energy  in  the  organism,  /'.  t.,  of  the 
whole  of  life. 

As  the  formation  of  solar  heat  and  solar  light  is  explicable  by  the  gravitation  of 
masses,  gravity  \^  perhaps  the  original  form  of  energy  of  all  life. 

Wc  may  thtis  represent  the  formation  of  kinetic  energy  in  the  animal  body 
from  the  potential  energy  of  plants.  Let  iis  suppose  the  atoms  of  the  substances 
formed  in  organisms,  as  simple  small  bodies,  balls,  or  blocks.  As  long  as  these 
lie  in  a  single  layer,  or  in  a  few  layers,  upon  the  surface,  there  is  a  stable  arrange- 
ment, and  they  continue  to  remain  at  rest.  If,  however,  an  artificial  tower  be 
built  of  these  blocks,  so  that  an  unstable  erection  is  produced,  and  the  same  tower 
be  afterward  knocked  down,  then  for  this  purpose  we  require  (i)  the  motor 
)io»ver  of  the  workman  who  lifts  and  carries  the  blocks;  (2)  a  blow  or  other 
impulse  from  without  applied  to  the  unstable  structure — when  the  atoms  will  fall 
together,  and  as  they  fall  collide  with  each  other  and  produce  heat.     Thus,  the 
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energy  employed  by  the  workman  is  again  transformed  into  the  last-named  form 
of  energy. 

In  plants  the  complex  unstable  building  of  the  groups  of  atoms  is  carried  on, 
the  constructer  being  the  sun.  In  animals,  wliicli  eat  plants,  the  complex  groups 
of  the  atoms  are  tumbled  down,  with  the  liberation  of  kinetic  energy. 

Vital  Energy  and  Life. — The  forces  which  act  in  organisms,  in  plants,  and 
animals  are  exactly  the  same  as  are  recognizable  as  acting  in  dead  matter.  A  so- 
called  "  vital  force/'  as  a  special  force  of  a  peculiar  kind,  causing  and  governing 
the  vital  phenomena  of  living  beings,  does  not  exist.  The  forces  of  ail  matter,  of 
organized  ^is  well  as  unorganized,  exist  in  connection  with  their  smallest  particles 
or  atoms.  .\%,  however,  the  smallest  particles  of  organized  matter  are,  for  the  most 
part,  arranged  in  a  very  complicated  way,  compared  with  the  much  simpler  com- 
position of  inorganic  bodies,  so  the  forces  of  the  organism  connected  with  the 
smallest  particles  yield  more  complicated  phenomena  and  combinations,  whereby 
it  is  excessively  difficult  to  ascribe  the  vital  phenomena  in  organisms  to  the  simple 
fundamental  laws  of  physics  and  chemistry. 

The  Exchange  of  Material,  or  MctaboUsra  (*'  Stoffwechsel**)  at  a  S(^» 
of  Liff. — Nevertheless,  there  apiK-ars  to  be  a  special  exchange  of  matter  and 
nergy  peculiar  to  living  beings.     This  consists  in  the  capacity  of  organisms  to 

similate  the  matter  of  their  surroundings,  and  to  work  it  up  into  their  own  con* 
iititution,  so  that  it  formii  for  a  time  an  integral  [>art  of  the  living  being,  to  be 
given  off  again.  The  whole  series  of  phenomena  is  called  metabolism  or 
"  Stoffwechscl,"  which  consists  in  the  introduction,  assimilation,  integration, 
and  excretion  of  matter. 

Wc  have  already  shown  that  the  metabolism  of  plants  and  that  of  animals  are 
quite  different.  The  {processes,  as  already  described,  actually  occur  in  the  typical 
higher  plants  and  animals. 

But  there  is  a  large  group  of  organisms  which,  throughout  their  entire  organiza- 
tion, exhibit  so  low  a  degree  of  development,  that  by  some  observers  they  arc 
considered  as  undiflTercniiaied  **ground*forms.*'  They  arc  regarded  as  neither 
plants  nor  animals,  and  are  the  most  simple  forms  of  animated  matter.  Haeckel 
has  called  these  organisms  Protistae,  as  being  the  original  and  primitive  forms. 

We  must  assume  that,  corresponding  with  their  simpler  vital  conditions,  their 
metabolism  is  also  simpler,  but  on  this  point  we  still  require  further  observations 
and  experiments. 


Physiology  of  the  Blood. 


[T>iE  blood  is  aptly  described  by  Claude  Bernard  as  an  internal  medium 
which  acts  as  a  "go-between"  or  medium  of  exchange  for  the  outer  world 
and  the  tissues.  Into  it  arc  poured  those  substances  which  have  been  subjected 
to  the  action  of  the  digestive  fluids,  and  in  the  lungs  or  other  respiratory  organs 
it  receives  oxygen.  It  thus  contains  flc'Tt' substances,  but  in  its  passage  through 
the  tissues  it  gives  up  some  of  these  new  substances,  and  rcteives  in  exchange 
certain  ^vaste  products  which  have  to  be  got  rid  of.  Its  composition  is  thus 
highly  complex.  Besides  carrying  the  ntw  nutrient  fluids  fa  the  tissues^  it  is  also 
the  great  oxygen  carrier,  as  well  as  the  medium  by  which  some  of  the  wasu 
products,  e.  ^.,  CO,,  urea,  are  removed y>-('/«  the  tissues,  and  brought  to  the  organs,' 
€.g.,  the  lungs,  kidneys,  skin,  which  eliminate  them  from  the  body.  It  is  at  once 
a  great  pabulum-supplying  medium  and  a  channel  for  getting  rid  of  useless  mate- 
rials.  As  the  composition  of  the  organs  through  which  the  blood  flows  varies,  it 
is  evident  that  its  composition  must  vary  in  dilTerent  parts  of  the  circulatory 
system  ;  and  it  also  varies  in  the  same  individual  under  dilTerent  conditions. 
Still,  with  slight  variations,  there  are  certain  general  physical,  histological,  and 
chemical  properties  which  characterize  blood  as  a  whoie-l 

I.  PHYSICAL  PROPERTIES.— (I)  Color.— The  color  of  blood  varies 
from  a  bright  scarlet-red  in  the  arteries  to  a  deep,  dark,  bluishrcd  in  the  veins.  ' 
Oxygen  (and,  therefore,  the  air)  makes  the  blood  bright  red  ;  want  of  oxygen 
makes  it  dark.  Blood  free  from  oxygen  (and  also  venous  blood)  Is  dkhroic — /.  ^., 
by  reflected  light  it  appears  dark  red,  while  by  transmitted  light  it  is  green. 
[Arterial  blood  is  monochroic] 

In  thin  layers  blood  is  opaque,  as  is  easily  shown  by  shaking  blood  so  as 
to  form  bubbles,  or  by  allowing  blood  to  fall  upon  a  plate  with  a  paltern  on  it, 
and  pouring  it  off  again.  [Printed  matter  cannot  be  read  through  a  thin  layer  of 
blood  spread  on  a  glass  slide.]  Blood  behaves,  therefore,  like  an  "  opaque  color," 
as  its  coloring  matter  is  suspended  in  the  form  of  fine  particles— the  blood 
corpuscles. 

Mencc,  it  is  postible  to  leptrate  the  coloring  matter  from  the  fluid  part  of  the  blood  by  filtration. 
This  is  accomplished  by  mining  the  bliKjd  with  fluids  which  render  ihc  blood  corpuscles  siicUy  or 
rough.  If  mammaliau  blood  be  treated  with  onc-ftevcnth  of  its  volume  of  solution  of  sodic  iulphate. 
or  if  frog's  blocxl  be  mixed  with  a  2  per  cent,  solution  uf  sugar  fyb^.  MfiHer)  anil  filtered,  the 
shriveled  corpuscles,  now  robbed  of  part  of  their  water,  remain  open  the  filter. 

(2)  Reaction. — The  reaction  is  alkaline,  o^ving  to  the  presence  of  disodic 
phosphate,  Na,Hr04,  and  bicarbonate  of  soda.  After  blood  is  shed,  its  alkalinity 
rapidly  diminishes,  and  this  occurs  more  rapidly  the  greater  the  alkalinity  of  the 
blood.  This  is  due  to  the  formation  of  an  acid,  in  which,  perhaps,  the  colored 
corpuscles  take  part,  owing  to  the  decomposition  of  their  coloringtiiattcr.  A  high 
temperature  and  the  addition  of  an  alkali  favor  the  formation  of  the  acid  f,JV. 
Zuntt). 

"^^  "Ikaline  reaction  of   blood  is  dimint&hed:    (u)  l>y  great  muscular  exertion,  owing  to  the 
'  nf  %  Iiir);e  amount  of  acid  in  the  muscles;  ((4)  during  coagulation:  {y)  in  old  blood,  or 
t-ed  I»y  waicr  ^t^;^^^^  old  blood  statn«,  such  blood  being  usually  acid ;  fresli  cruor  has  a  . 
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ttrongrr  alkaline  reaction  than  serum ;  (d)  mf^er  the  prolonged  use  of  soda  the  alkalinity  is  increucd. 
after  ihe  lue  of  acids  it  is  decreued. 

MeOiods. — Owing  to  the  color  of  the  blood  we  cannot  employ  ordinary  litmus  paper  to  teat  itft 
reaction.  One  of  the  following  methods  may  be  used:  (i)  Moi:Aen  a  strip  of  glajicd  red  Utmus 
P*p<r  with  solution  of  common  salt,  and  allow  a  drop  uf  lilund  In  fall  on  Ihc  jinpcr;  then  rapidly 
wipe  it  off  before  its  coloring  mntter  hiis  time  to  pcTieirate  and  tinge  the  paper  iZutt/s).  (i)  Lie- 
breich  used  thin  plates  of  plasterof.  I'arU  of  a  ptTfccily  neutral  reaction.  These  are  dried,  and 
afterward  moiMencd  with  a  neutral  solution  of  litmus.  When  a  drop  of  blood  is  placed  upon  the 
povous  plate,  the  fluid  part  of  the  btood  passes  into  it,  while  the  corpuscles  arc  wa:§hcd  oit  with 
water,  and  the  altered  color  of  the  litmus<»tained  slab  is  apparent.  [(3]  SchJIfer  uses  <iry,  faintly- 
reddeiked,  glazed  litmus  paper,  and  on  it  is  placed  a  drop  of  blood,  which  i«  wiped  off  after  a  few 
aeconda.  The  place  where  the  blood  rested  is  indicated  by  a  blue  patch  ii\K>n  a  red  or  violet 
ground] 

Estimation  of  the  Alkalinity.— A  very  dilute  solution  of  tartaric  acid  (i  cubic  centimetre 
combines  with  3. 1  milligrams  ol  soda^  / .  r  ,  I  litre  of  water  contains  7.5  grams  of  cr>'stal]ized 
tanartic  acid)  is  addetl  to  blood  until  a  blue  litmus  paper  is  turned  red  (by  Zuntz's  methiid).  100 
grams  of  rabbit's  blood  have  an  alkalinity  corresponding  to  150  milligrams  of  soda;  the  blood 
of  camivora  to  about  180  milligrams  (Luss'ir),  while  100  c.c,  of  normal  human  blood  have  an 
alkalinHy  etjual  to  260-300  milligrams  of  Noda  {v.  Jiti^sfh), 

The  following  method  can  be  used  with  a  few  drops  of  blood :  To  neulrali/e  the  blood,  tartaric 
Ktd  in  the  above  concenlralion  is  used.  Prepare  the  following  mixiurc  by  milling  it  with  a 
concentrated  solution  of  sodic  sulphate,  and  then  adding  sndJc  sulphate  until  the  mixture  is  com- 
pletely saturated.  I.  10  part*  of  solution  of  tartaric  acid  to  too  parts  of  concentrated  sodic  sulphate 
lolation;  II,  20  part<t  tartaric  acid  solution  to  90  sodic  sulplialc  solution;  III  contains  these  sub- 
stances in  the  proportion  of  30  to  So;  IV,  4010  70;  V,  50  to  60;  VI,  60  lo  50;  VII,  70  to  40; 
VIIl,  80  to  30;  IX,  90  to  20;  and  X,  100  to  10.  Excess  of  sodic  sulphate  is  present  in  all  the 
flasks. 

A  known  volume  of  the  blood  to  be  investigated  is  mixed  with  an  ec|ua1  volume  of  each  of  the 
atiatnrrs,  in  a  small  tube,  which  is  made  by  drawing  out  a  glass  tube  I  millimetre  in  diameter  to  a 
fine  point.  To  calibrate  this  lube,  suck  up  water,  say,  to  the  height  of  S  mm.,  make  a  mark  on  the 
nbe  with  a  fine  file,  then  suck  up  the  water  until  its  lower  level  coiresponds  with  the  maik.  Again 
■nrk  the  upper  limit  of  the  water.  To  test  the  blood,  suck  a  drop  of  the  mixture  I  up  10  the  level 
of  the  titst  mark  on  the  glass  pipette,  and,  after  wiping  its  point,  suck  up  an  equal  <}uantity  of  Itlood. 
Again  clean  the  point  of  the  pipette,  and  blow  its  contents  into  a  watch  glass;  then  mix,  and  test 
the  reaction  with  sensitive  violet -colored  litmus  paper.  Proceed  in  the  same  way  with  the  several 
mittoref.  II  to  X,  until  the  alkaline  reaction  disappears  or  the  acid  appears,  The  narrow  slrijw  of 
himus  (^>aper  are  dipped  into  each  of  the  mixtures,  the  corpuscles  remain  in  the  wetted  part  of  the 
papvr,  while  the  fluid  permeates  further  and  shows  the  reaction.  As  a  rule,  the  degree  of  alkaiinit)- 
in  human  blood  correspomls  to  VI.  Human  blood  can  be  sucked  directly  from  a  small  wound 
onde  by  a  necille,  either  by  attaching  an  clastic  lube  or  a  small  hypodermic  syringe  to  the  pipette 

Pathological. — ^The  alkalinity  b  increased  during  persistent  vomiting,  and  decreased  in  pro- 
ftounced  anxmia,  cachexia,  ura-mia,  rheumatism,  high  fever,  diabetes,  and  cholera.  [Immediately 
before  death  by  cholera  it  may  be  acid  (Ciiri^d/ri').} 

(,;)  Odor. — Blood  emits  a  peculiar  odor,  the  halitus  sanguinis,  which  difTers  in 
animals  and  man. 

It  depends  upon  the  presence  of  volatile  fatiy  acids.     If  concentrated  sulphuric  acid  be  added 
^rtn  UotK),  whereby  (he  volatile  fatty  acids  are  set  free  from  their  combinations  with  alkalies,  the 
tcnstic  odor,  somewhat  similar  to  that  of  butyric  acid,  becomes  much  more  perceptible. 

(4)  Taste. — Blood  has  a  saline  taste,  depending  upon  the  salts  dissolved  in  the 
floid  of  the  blood. 

(5)  Specific  Gravity. — The  specific  gravity  is  1056-1059  in  man,  1051-1055 
in  woman  ;  in  children  less.  The  specific  gravity  of  the  blood  corpusclcrs  is  1105, 
thai  of  the  plasma  1027.     Hence  the  corpuscles  lend  to  sink. 

Clinical  Method. — A  thin  glass  tube  is  drawn  out  till  it  is  of  small  calibre,  and  then  bent  at  a 
nght  angle,  and  closed  above  with  a  caoutchouc  cap,  Press  slightly  on  the  caoutchouc  cap,  and 
fiKk  up  a  drop  of  Ihe  freshly-drawo  blood  obtained  by  pricking  the  linger.  The  Bne  capillary  tube 
to  at  once  immersed  in  a  snlotion  of  sodic  sulphate,  and  a  drop  of  the  blood  expressed  into  the 
lallne  solution.  It  is  necessary  tu  prepare  several  solutions  of  sodic  sulphate  with  specitic  gravities 
varying  from  1050-1070.  The  solution  in  which  the  corpuscles  remiun  suspended  indicates  the 
specific  gravity  of  the  blood  {floy,  Lamfon). 

The  drinking  of  water  and  hunger  diminish  the  specific  gravity  tempororily,  while  thirst  and  the 
dilation  of  dry  food  raise  it.     If  blood  be  passed  through  an  organ  artificially,  its  specific  gravity 
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rises  in  consequence  of  (he  absorption  of  dissolved  matters  and  the  giving  ofT  of  watei*.  U  falls 
after  hcmurrbigjC,  and  is  diminished  in  ludlj-nourinhcd  individuals.  [Iljr  vrorkinf;  with  Mlulions 
of  glycerine.  Junes  linds  Uiat  it  is  highest  at  hinh,  is  at  a  minimum  between  the  second  week  and 
the  second  year;  it  rises  gradually  until  the  J5tli-45th  year,  [l  is  usually  lusher  in  (he  male  than 
the  female,  is  diminbhcd  by  pregnancy,  the  inijestiaii  of  solid  or  tiijuid  food,  and  gentle  exercise.] 

[(6)  Temperature, — Blood  is  viscid,  and  its  temperature  varies  from  36.5°  C. 
(97.7^  F.)  to  37. S°  C.  (100"  F.).  The  warmest  blood  in  the  body  is  that  of  the 
hepatic  vein  (S  210)-]  J 

a.  MICROSCOPIC  EXAMINATION.— [Blood,  when  examined  by  th" 
inicrosco]>e,  is  seen  to  consist  of  an  enormous  number  of  corpuscles — colored 
and  colorless — Aoaling   in  a  transparent  fluid,    the  plasma,    or  liquor  san- 
guinis. 

Human  Red  Blood  Corpuscles, — (a)  Form, — They  are  circular,  coin- 
shaped,  homogeneous  disks,  with  saucer-like  depressions  on  both  surfaces,  and 
with  rounded  margins ;  in  other  words,  they  arc  bi-concave,  circular,  non-nucle- 
ated disks. 

Fic  I. 

A  B 


^«! 
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A.htiitun  colored  IiIockJ  cnrpitucla — t.  on  the   flal ;  a.  on  cd^:  3,  roulcsiu  of  colored  corpmclea.     D.  mtoff 
colored  blood  corpu«i.l<v — i.on  ih«  Rat;  3,  on  eagt,     C.id^uJ  tniuven*  t       '         ~       ' 


corpiMcle  inAjpiitied  )oc»  utnc»  Iiiic»r —  0^,  Jiwuetcr;  c/.  iliitjcneu. 


:  Mction  of  a  human  colorca  blitMf 


thickness  (<*</) 
and  about  one- 


(d)  Size, — The  diameter  (a^)  is  7.7^i,*  ffi-T-p.^.")  tlie  greatest 
1.9/1  (Fig.  I,  C),  [i>.,  it  is  g^  to  j^  of  an  inch  in  diameter,  ; 
fourth  of  that  in  thickness]. 

They  are  slightly  diminished  in  size  by  septic  fever,  inanition,  morphia,  increai>ed  bodily  lera- 
peratutc,  and  CO, ;  and  increased  by  O,  watery  conilition  of  the  blood,  cold,  consumption  of 
alcohol,  quinHie,  an<]  hydrocyanic  acid.     Compare  \  10,  3. 

If  the  total  amount  of  blood  in  a  man  be  taken  at  4400  cubic  centimetres,  the  corpusclea  therein 
contained  have  a  surface  of  2S16  iuiuare  metrex,  which  is  equal  to  a  stfiiarc  surface  with  a  side  of 
80  paces;  176  cubic  centimetres  of  blood  {>ass  through  the  lun^^s  in  a  second,  and  the  blood  cor- 
puscles in  this  amount  of  blood  have  a  superBeies  of  81  square  metres,  equal  to  a  squaie  surface 
with  a  side  of  13  paces  (  Welcker). 

kc)  The  weight  of  a  blood  corpuscle  is  000008  milligramme. 

yd)  The  number  exceeds  5,000,000  per  ctibic  millimetre  in  the  male,  and 
4,500,000  in  the  female;  so  that,  in  10  lbs.  of  blood,  there  are  25  billions  of 
corpuscles.  The  number  is  in  inverse  ratio  to  the  amount  of  plasma ;  hence,  the 
number  must  vary  wiih  the  state  of  contraction  of  the  blood  vessels,  the  pressure, 
diffusion  currents,  and  other  conditions. 


*^  The  Greek  letier  /i  represeou  ooe'ihousandtfa  of  a  millimetre  (/u  =r  cooi  mm.),  mud  is  the  Bpi 
of  a  mitro-miiiifHttrfx  or  a  mia-<m. 
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Tbe  nuntliCT  of  red  corpuscles  is  increased;  in  vcnoos  blood  (especially  in  the  small  culnneniu 
vcnis),  after  ihe  use  of  solid  food,  (ifter  much  sweaiing,  and  ihc  excretion  of  much  waier  by  the 
bowel  and  kidneys;  during  inanition,  becniuc  tlie  blood  plasma  undergoes  decomposition  sooner 
ihan  the  blood  corpuscles  (nemselves;  in  the  blood  of  the  newly-born  child,  especially  when  the 
umbilical  cord  is  long  in  bcrnt;  tied  (^  40),  from  ihe  4th  day  onward  the  number  ii  dimini]»hed ; 
in  pcTMins  of  robust  conMilutidn.  and  in  thnsc  who  live  in  the  country.  The  number  is  diminished, 
donng  pregnancy,  aficr  copious  dmughls  of  water,  In  the  earlit-r  period  of  ftrlal  life  the  number 
ts  only  )^-i  million  in  I  culirc  millimetre.     (Kor  the  pathological  conditions  sec  ^  lo.) 

Methods  of  Counting  the  Blood  Corpuscles. — The  pointed  end  of  a  glaaa  piijcuc  fpig.  3), 
the  mixer,  is  dipped  into  the  blood,  and  by  sucking  the  elastic  tube/,  blood  is  drawn  into  the  lube 
until  it  reaches  the  mark  *^.rn  the  Mem  of'the  pipette, or urilillhc mark  I  is  reached.  The  carefully- 
cleaned  pomt  of  the  pipette  is  dipped  into  the  artificial  serum,  and  this  Is  sucked  into  ihe  pipelle 


Fig.  2. 


Fig.  3. 


m 


Appcmiuk  of  Abtw  jnd  Zem  Tor  counting  (he  cor- 
poKlca.  A,  in  scciion ;  C,  xirfucc  view  without 
GOver-iUu;  B,  micrtMLupit:  ap|icafancc  with  the 
blood  corfMulu. 


1    c 


AU/a  Mgitir,    pipelle    or 
mixer. 


I 


>BtU  it  reaches  the  mark,  loi.  The  artificial  tenim  consists  of  i  vol.  of  solution  of  gum  arable 
(ip.  p.  1020)  and  3  vols,  of  a  wluiion  of  erjual  parts  of  »odic  sulphate  and  sodic  chloride  (sp.  gr. 
I0»).  The  proccis  of  mixing  the  two  fluids  is  aided  by  the  presence  of  a  little  glass  ball  (.7)  in 
the  bulb  of  the  pipette.  If  blood  is  sucked  up  to  ibc  murk  ^,  the  strcngiiiof  the  mixture  is  i  ;  200; 
1' to  the  mark  i,  it  is  1  :  100;  a  small  drop  of  the  mixture  is  allowed  to  nin  into  the  counting 
ebunber  of  Abbi  and  Zeiss  |  Fig.  2].  The  first  portions  are  not  used,  in  order  to  obtain  a  uniform 
umple  from  the  bulb  of  the  pipelle.  This  chamber  consists  of  a  glaic;  receptacle  o.i  ram.  deep, 
rlih  Its  base  divided  into  squares  and  cemented  to  a  glass  slide,  the  whole  being  covered  with  a 
thin  covering  glass.  The  space  over  each  square  —  jg^jni  cubic  inillimctre.  Count,  with  the  aid 
of  a  microscope,  the  numlter  of  blood  corpuscles  in  each  stpiare,  and  the  number  found,  multiplied 
kf  4000,  will  give  the  number  of  blood  corpuscles  in  i  c.mm.  This  Dumber,  again,  must  le  multi- 
|£ad  by  too  or  200,  according  as  the  blood  was  diluted  100  or  200  times.  To  ensure  greater 
socuacy,  it  »  well  to  count  the  number  in  sevtrai  scjuares,  and  to  take  the  mean  of  these. 
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[Gowera'  Method. — "llie  HieinacytoTneter  (Fig.  4)  consists  of  (i)  a  small  pipette,  which, 
when  filled  lo  ihc  inuk  on  it^  Mem.  liold&  exactly  995  cubic  millimetres.  It  is  funmlicd  with  an 
india  nibber  lube  and  moLiil)[>iece  to  facilitate  filling  and  emptying.  (3)  A  capillary  iul>e  marked 
to  cnnlain  exactly  5  cubic  miltimelres,  wilh  indin-ruliber  tube  for  nlliny,  etc.  (j)  A  stiial!  glass  jar 
in  wbich  the  dilution  i<i  m:tde.  (4)  A  cla<is  stirrer  for  mixing  the  blood  and  solution  in  Ihe  glass 
jar.  (5)  A  tirass  Ma^c  plate,  carrying  n  {floss  slip,  on  wbich  is  a  cell,  ^  of  a  mitlimcirc  deep.  The 
bollom  of  this  is  divided  into  X  millimetre  sijuares.  Upon  Ihe  lop  of  the  cell  rests  the  covcr-gUsat. 
which  is  kept  in  its  place  by  the  pressure  of  two  springs  proceeding  from  the  ends  of  the  staf;e 
plate."  Tlie  diluting  solulinn  used  is  a  solution  of  sodic  sulphate  in  distilled  water,  sp.  gr.  1035. 
or  the  following — sodtc  suljihaie,  104  grains;  acetic  acid,  i  drachm  ;  distilled  water,  4  oz. 

"995  cubic  millimetres  of  Ihc  solutian  arc  placed  in  the  mixing  jar;  5  cubic  millimetres  of  blood 
are  drawn  into  ihe  capillary  lube  from  the  puncture  in  the  6ngcr,  and  then  blown  into  the  solution. 
Tlie  two  Huids  are  well  mixed  by  rotating  the  stirrer  between  the  thumb  and  finger,  and  a  small 
drop  of  this  dilution  is  placed  in  the  centre  of  the  cell,  the  covering  e'**'^  gently  put  upon  the  cell. 
and  secured  by  the  two  springs,  and  the  plate  placed  upon  the  siage  of  the  microscope.  The  lens 
is  then  focused  for  the  squares.  In  a  few  miouics  the  corpuscles  have  sunk  to  the  boltom  of  the 
cell,  and  nre  seen  at  rest  on  the  squares.  The  number  in  ten  sijuares  is  then  counted,  and  this, 
multiplied  by  lo/xo,  gives  the  number  in  a  cubic  millimetre  of  blood." 

Fig.  4, 


:> 


■^■.. 


Ooven'  mapmntya.  A,  pipctlc  (or  meuuring  the  diluliuc  ^ululion;  B,  capillary  Hibc  (nr  mcaiurini  the  btoot): 
C.  cell  wilti  dlviftioiu  on  the  floor,  nountcd  on  a  ^lide .  1 1,  mv«I  in  whicti  ihc  diluliou  b  au3«:  E,  itf»»* 
stirrer;  F,  guarded  ipcor-pointed  needle. 

To  estimate  the  coIorlesB  corpuscles  only,  mix  the  blood  with  lo  parts  o'5  per  cent,  solution  of 

acetic  acid,  which  destroys  all  llic  red  corpuscles.  (  Tfioma). 

Ke)  Red  blood  corpuscles  are  characterized  by  their  great  elasticity,  flexi- 
bility, and  softness.  [The  elastic  property  is  shown  by  the  extent  to  which  red 
corpuscles  while  circulating  may  be  distorted,  and  yel  resume  their  original  form 
xs  soon  as  the  pressure  is  removed.] 

3.  HISTOLOGY  OF  THE  HUMAN  RED  BLOOD  CORPUS- 
CLES.— When  observed  singly,  human  red  blood  corpuscles  are  bi-concavc 
circular  disks  of  a  yellow  color  with  a  slight  tinge  of  green  ;  they  seem  lo  be 
devoid  of  an  enveIoi>e,  arc  certainly  non-nucleatcd,  and  appear  to  be  homogene- 
ous throughout.  Each  corpuscle  consists  (i)  of  a  framework,  an  exceedingly  pale, 
transparent,  soft  protoplasm — the  stroma;  and  (2)  of  the  red  pigment,  or 
hsemoglobin,  which  impregnates  the  stroma,  much  as  fluid  [>as.ses  into  and  is 
retained  in  the  interstices  of  a  bath  sponge. 
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4.  EFFECT  OF  REAGENTS.— (A)  On  their  Vital  Phenomena. 
—The  Wood  corpuscles  present  in  shed  blood — or  even  in  defibrinated  blood, 
when  it  is  reintroduced  into  the  circulation — retain  their  vitality  and  functions 
undiminished.  Heat  acts  powerfully  on  their  vitality,  for  if  blood  be  heated  to 
52°  C,  the  vitality  of  the  red  corpuscles  is  destroyed.  Mammalian  blood  may 
be  kept  for  four  or  Ave  Jays  in  a  vessel  under  iced  water,  and  still  retain  its  func- 
tions; but  if  it  l>e  kept  longer,  and  reintroduced  into  the  circulation,  the  corpus- 
cles rapidly  break  up— a  proof  that 

they  have  lost  their  vitality.     The  *^"'  5- 

red  corpuscles  in  freshly  shed  blood 
sometimes  exhibit  a  peculiar  mul- 
berry-like apix*araiu;e  (Figs.  5,  6,^% 
A).  [This  is  called  crenation  of 
the  colored  corpuscles.  It  occurs 
in  cases  of  poisoning  with  Calabar 
bean;  and  also  by  the  addition  of 
a  2  per  cent,  solution  of  common 
salt,]  The  blood  of  many  persons 
crenates  spontaneously — a  condi- 
tion ascribed  to  an  active  contrac- 
tion of  the  stroma,  but  it  is  doubtful 
if  this  is  the  cause.  The  red  cor- 
pusclesof  the  embryo  chick  undergo 
active  contraction. 

(B>  On  their  external  char- 
acters.— ( a)  The  color  is  changed 
by  many  gases.  O  makes  blood 
scarlet,  want  of  O  renders  it  dark 
blaisb-red,  CO  makes  it  cherry-red, 
NO  violet-red.  There  is  no  difference  between  the  sha]>e  of  the  corpuscles  in 
arterial  and  venous  blood,  All  reagents  (t^.  ^.,  a  concentrated  solution  of  sodic 
sulphate),  which  cause  great  shrinking  of  the  colored  corpuscles,  produce  a  very 
bright  scarlet  or  brick-red  color.  The  red  color  so  produced  is  quite  different 
from  the  scarlet-red  of  arterial  blood.  Reagents  which  render  blood  corpuscles 
globular  darken  the  blood,  f.^-.,  water. 

[The  conlrasl  U  very  striking,  if  we  compare  blood  to  which  a  10  per  cent,  solution  of  common 
uk  hu  been  added  with  blood  to  which  water  hu  been  added.  \\  itli  reHcctcd  light  the  one  is 
bf^ht  red,  and  the  other  a  very  dark,  deep  crimson,  almwt  hiack, 

{S}  Formation  of  Rouleaux. — A  very  common  phenomenon  in  shed  blood 
i»lhe  tendency  of  the  corpuscles  to  run  into  rouleaux  (Fig.  1,  A,  ^), 

Conditions  that  increase  the  coa^tabiHty  of  the  blood  favor  this  phenomenon,  vt'hich  is  ascribed 
bf  Do^el  to  the  attraaioo  of  ihe  disks  and  the  formation  of  a  Micky  sulistance.  [The  cause  of  the 
(Mmuion  of  rnuleaax  ii  by  no  means  clear  The  corpuscles  may  be  detached  from  each  other  by 
gewly  loochinf;  the  cover-glaM,  but  the  rouleaux  may  reform.  Lister  sujiRcsted  that  the  surfaces 
of  the  corpuscles  were  m  ahcrcd  ilmt  ihcy  Ijccamc  ndheaive.  Norris  made  experiments  with  corks 
vaghied  with  tacks  or  pins,  ^  as  to  produce  partial  submersion  of  the  cork  disks.  These  disks 
nptdly  cohere,  owing  to  capillarity,  and  form  rouleaux.  If  the  disks  lie  completely  submerRefl 
iSer  remain  apart,  as  occurs  wilh  un.iltcred  blood  corpuscles  within  the  blood  vessels.  If,  how- 
rrer,  the  corpuKlcs  be  dipped  in  petroleum,  and  ihcn  placed  in  water,  rouleaux  are  formed.] 
U  tea^eni't  which  cause  the  corpuscles  to  swell  up  Iw  added  to  the  blood,  the  corpuscles  become 
buJAT  and  the  rouleaux  break  up.  According  to  E.  Weber  and  Suchard,  the  uniting  medium  i& 
libriD  (aiihough  it  may  sometimes  assume  a  fibrous  form),  but  belongs  to  the  peripheral  layer 

I  Ike  corpo$c]cs. 

(c)  Changes  of  Form.— The  discharge  of  a  Leyden  jar  causes  the  cor- 
puicles  to  crenate,  so  that  their  surfaces  are  beset  with  coarse  or  fine  projections 
(Kg.  6,  c,  ii,  e^gt  k) ;  it  also  causes  the  corpuscles  to  assume  a  spherical  form  (/,  i), 
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and  they  become  smaller  than  normal.  The  corpuscles  so  altered  are  sticky,  and 
run  together  like  drops  of  oil,  forming  larger  spheres.  The  prolonged  action  of 
the  electrical  spark  causes  the  hemoglobin  to  separate  from  the  stroma  (», 
whereby  the  fluid  part  of  the  blood  is  reddened,  while  the  stroma  is  recognizable 
only  as  a  faint  shadow  (/).  Similar  forms  are  to  be  found  in  decomposing  blood, 
as  well  as  after  the  action  of  many  other  reagents.    Heat. — When  blood  is  heated, 

Fi<:.  6. 


Rvd  blood  corpiMclet,  a.  b,  nonnat  human  red  u>rpuiclc«,  the  centnd  deprc»ton  more  or  let*  ta  focus  ;  c.  tt.  #,  nul- 
b«fTy,*nc)^,  A,  crenulcd  fufnu:  A.  p«l«  coTpiuclei  dccolorltcd  by  watvf .  /.  itroBi* : /*,  fr«s'«  Mood  c<^iM<fe 
iictcd  oil  by  ■  kiruHK  talinc  sohiUon, 

on  a  warm  stage,  to  52°  C.  the  corpuscles  exhibit  remarkable  changes.  Some  of 
them  become  spherical,  others  biscuit-shaped  ;  some  arc  perforated,  while  in  others 
small  portions  become  detached  and  swim  about  in  the  surrounding  fluid,  a  proof 
that  heat  destroys  the  histological  individuality  of  the  corpuscles.  If  the  heat 
be  continued,  the  corpuscles  are  ultimately  dissolved  (§  10,  3). 

Heat  acts  like  the  Addition  nf  a  concentrated  solution  of  urea  lo  blood.  If  strong  pressure  tic 
exerted  upon  a  microscopic  preparation,  the  blood  corpuscles  may  break  in  pieces.  The  Utter  pro- 
cess is  cnllctl  hsemocytotrypais,  in  contrndislinctiun  to  thai  of  solution  of  the  corpu&cle&  or 
hcmocytolyBis. 

If  a  linger  moistened  with  blood  be  rapidly  drawn  across  a  warm  slip  of  gl^^*  ^  that  tlie  fluid 
drin  rapidljr,  the  corpuscles  exhilHi  very  remukable  shapes,  showing  their  great  ductility  and 
serine  &>. 

Cytozoon— Gaule'a  Experiment. — A  few  drops  of  freshly  Khed  frog's  blood  are  mixed  with  5 
c.c.  of  0.6  per  cent,  .solution  of  common  &alt,  and  (he  mixture  delibrinnted  by  shaking  it  along 
with  a  few  c.c.  of  mercury.  A  drop  of  the  detibrioalcd  blood  is  examined  nn  a  hot  stage  {3t>°-j2'' 
C.)  under  a  microscope,  when  a  protoplasmic  mass,  the  so-called  '•  tViir/rtcA^n,"  escapes  with  a 
lively  movement  from  many  corpuMrlcs,  and  ultimately  dissolves.  Similar  "  cytozoa"  were  discov- 
ered by  Gaule  in  the  epithelium  of  the  cornea,  of  the  stomach  and  intestine,  in  connective  tissue, 
in  most  of  ilie  large  glands,  and  in  the  retina  (frog,  trilon).  In  mammals  also  h«  found  simitar  bat 
smaller  .itructurcs.  Most  probAbly  these  structures  arc  parasitic  in  their  nature,  as  suggested  by  Ray 
Lankester,  who  called  the  parasite  Drepanidium  ranarum. 

[Staining  Reagents. — Such  reagents  as  magenta,  picro-carmine,  carmine,  and 
many  of  the  aniline  dyes,  stain  the  nucleus  deeply  when  such  Is  present,  and  although 
they  must  traverse  the  haimoglobin  to  reach  the  nucleus,  the  hsemoglobin  itself  is 
not  stained.  When  no  nucleus  is  present,  therefore,  the  corpuscles  are  not  stained. 
Magenta  causes  one  or  more  small  spots  or  maculas  to  appear  on  the  edge  of  the 
coTpiiscks  U'ig-  7»  <')•  What  its  significance  is,  is  entirely  unknown.  Normal 
saline  solution  (0.6  per  cent.  NaCl),  tinged  with  methyl  violet^  is  a  good  staining 
and  preservative  agent.] 

[Agitaition  with  Mercury. — If  ox  blood  be  shaken  up  with  mercury  for  7  or  8  hours,  the  cor- 
puscles completely  di*>a(>pcar,  no  (race  of  stroma  or  corpuscles  being  found  in  ihe  fluid  {M/itttr  and 
tP'e/(A).  The  addition  of  pyrogallic  acid  (20  per  cent.}  potassic  chlorate  (6  per  cent.),  and  silver 
i)iinte  (3  per  cent.),  com|>lctely  prevents  dissolution  of  ihc  corpuscles,  even  though  the  shaking  be 
kept  up  for  fourteen  days.] 

If  blood  be  mixed  with  concentrated  gum  solution,  and  if  concentrated  sail  solution  be  added  to 
il  under  the  microscope,  the  corfiuscles  assume  elongated  forms.     Similar  forms  arc  ohtftiued  by 
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J  blood  with  an  equal  volume  of  gelatine  at  36**  C,  allowing  it  to  cool,  and  then  miking  sec- 
(of  the  coagulated  moss.     The  corpuscles  may  be  broken  up  by  prcssin);  firmly  on  ihe  corer- 
_  111  all  these  experiraenls  no  trace  of  an  envelope  aiuund  the  corpuscles  is  observed.     [An 

'  «xc«ltetit  reagent  for  "  fixio£  "  the  blood  corpuscles  is  either  a  dilute  solutioo  or  the  vapor  of  osoiic 
acid] 

Cooservation  of  the  Corpuscles. — In  investigating  blood  with  the  microKcnpe  for  forensic 
purposes,  it  h  neces&ary  tu  have  a  solvent  fur  the  lilooU  when  it  occurs  as  stains  on  1  i^rment  or 
uanimem.     iJriod  luina  are  dissolved  by  a  concentrated,  or  a  30  per  cetu.  Bolotion  of  caustic 

Fig.  7. 
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,     _        I  red  blood  corpuaclra :  n.  KCled  011  ^  nugenu:  ^^  bv  tannic  acid.    The  othen nre  mnitlilbijii)  red  btood 
cwpwdn.  f.^./tctwctof  uiiRic  acid;/;  of  dilute  acetic  acta;  f,  of  diluM  alcohol;  <by  boracic  acid.— JEr/rV/v 

1.  or  with  one  of  the  preserving  fluids.  If  the  stain  be  softened  with  concentrated  tartaric 
colorless  corpuscles  are  specially  distinct  [Siruwr).  Nevertheless,  corpu<vcle&  are  oCleti  ttat 
id  in  such  stains.  If  the  cor^iuscles  have  become  very  pole,  their  color  may  be  improved  l>y 
adding  a  K>tuIion  of  iodide  uf  [Mjtaivium,  a  saturated  solution  of  picric  acid,  20  per  cent,  pyrogallic 
acid,  or  j  per  cent,  solution  of  silver  nitrate. 

5.  STROMA— LAKE-COLORED  BLOOD.— Many  reagents  caiisc  the 
hsetnoglobin  to  separate  from  the  stroma.  The  h;i;moglobin  dissolves  in  the 
serum ;  the  blood  becomes  dark  red  and  transparent,  as  it  contains  its  coloring 
matter  in  solution,  and  hence  it  is  called  *'  lake-colored  "  {Rollctt).  The  aggre- 
gate condition  of  the  haemoglobin  is  not  altered  when  the  corpuscles  are  dissolved 
— il  only  changes  its  place,  leaving  the  stroma  and  passing  into  the  serum.  Hence, 
the  temperature  of  the  blood  is  not  lowered  thereby. 

Methods. — To  obtain  a  lai^e  quantity  of  Ihe  Btroma  for  chemical  purposes,  add  to  vols,  ot 
a  solocion  of  common  salt  |i  vol.  concentrated  solution,  and  15  to  20  vols,  of  water)  to  i  vol.  uf 
deAbnnaied  btood,  when  the  stromata  are  thrown  down  as  a  whitish  precipitate. 

Fur  micTDSCOpical  purposes,  mix  blood  with  an  equal  volume  of  a  concentrated  sululion  of 
sodic  sulphate,  niid  caiitiouttly  add  a  I  per  cent,  solution  of  tartaric  acid. 

The  following  reagenti  cause  a  separation  of  the  stroma  from  the  luemoglobin,  and  thus  make 
bkuil  iratinparcnl  :^ 

1*1  Physical  Agents.— I.  Heating  the  blood  to  60**  C.  (5<^w//3^);.tbc  temperature,  however, 
vanes  for  the  blood  of  different  animals.  3.  Repeated  freezing  and  thawing  of  the  blood  {^c/- 
^1.  3.  Sparks  from  an  electrical  machine  (Imt  not  after  the  addition  of  salltf  to  the  blood) 
{Ri*iielt);  the  constant  and  induced  currents  {i\'ti4rnaHtt). 
(i|  Chemically  active  Substances  produced  within  the  Body. — 4.  Hile  {H&ntfeld\,  or  bile 
taliA  (  f'l'fttner,  v.  Duuh).  $.  Serum  of  other  species  or  animals  {Landois) ;  thus  dog's  serum 
and  frog's  serum  dissolve  the  blood  corpuscles  of  the  rabbit  in  a  few  minuter.  6.  The  addition 
of  laltecolored  blood  of  many  species  of  animals  (Lundois). 

'  OTher  Chemical  Reagents. — 7.  Water.  8.  The  vajMir  of  chloroform  {B&ttehtr) ;  ether  {v. 
V  I  ;  amyls,  small  quantities  of  alcohol  (^RolUft\  ;  thymol  (Afnn-hind)  ;  nnrobcnzol,  elhy- 
iC  ..;Iicr,  accton.  fKrtrolcum  ether,  etc.  (/..  Leioin).  9.  Antimoniurcttcd  hydrogen,  arseaiurcttcd 
djdrogen  ;  carlM)n  hif.ulphidc  ;  boracic  acid  (3  per  cent.)  .added  lo  amphiUau  blood,  causes  the 
ted  mass  (which  also  encloses  the  nucleus  when  such  is  present),  the  so-called  zooid.  to  sepa. 
rate  from  the  oecotd  ( Fig.  7,  d ).  The  zooid  may  shrink  from  the  periphery  of  the  corpuscle,  or  it 
may  pasa  out  nf  the  corpuscle  altogether  {BrU(kc)\  Hrilcke  regards  the  stroma  in  a  certain 
KKSc  as  a  huutc,  in  which  the  rcnuinder  of  the  $ul>s(ance  of  the  corpuscle,  the  chief  part 
endowed  with  vital  phenomena,  lives.  II.  Strong  solutions  of  acids  dissulvc  the  corpuscles; 
tDcat  dilute  solutions  cause  precipitates  in  the  hiemoglobin.  This  is  easily  seen  with  carbolic 
irid  {Jfiih  atiJ  I.iindois,  Siirlin/;  and  Hannh).  12.  Alkalies  of  moderate  strength  cause 
•vdden  solution.  .K  ten  per  cent,  solution  of  potash,  placed  at  the  edge  of  a  cover-glass,  shows 
Ihe  proceiA  of  solution  ^otn^  un  under  the  microscope.  At  first  the  corpuscles  become  globular, 
aad  M  appear  smaller, but  aftcru-ard  they  burst  like  soda  bubbles.  [13.  NH^Cl  injected  into  the 
Uood  causes  vacuolation  of  the  red  corpuscles  {Bobritsky).  14-  Sodic  salicylate,  benzoate  and 
cekktcio,  dissolve  the  red  corpuscles  (yV.  P,itoH).'\ 


& 


50 


FORM   AND  SIZE   OF  THE   BLOOD  CORPUSCLES. 


[Tannic  Acid. — A  freshly  prepared  solution  of  tannic  acid  has  a  remarkalile  efTect  on  the  col* 
ored  blood  corpuscles  of  man  and  animals— causing  a  BCparation  of  the  h«oioglobin  (rom  the 
ktroma  { IV.  A'cl^^rls),  The  usual  effect  is  lo  produce  one  or  more  Riaiiular  buds  of  Ikscmoglaljin 
on  the  -side  of  the  corpuscle*  (Kig.  7.  A,  c^;  more  rarely  the  hainio^lobin  collects  arouiul  the 
nucleus,  if  such  be  present  (l'"ig.  7.  </),  or  is  extruded,  as  shown  in  Fig.  7,  r.l 
[Ammonium  or  Potassium  Sulpho -cyanide  removts  the  hemoglobin,  ana  reveals  a  relicular 
structure  — »«/r^/.««r/.'ur  plcxuh  of  fibriU  {Stiriin^  and  A'.m«f>),] 

The  Amount  of  Oases  in  the  bluod  exercises  an  imponant  influence  on  their  solubility.  The 
corpuscles  of  venous  blt>r>d,  which  contains  much  CO,,  are  more  cosily  dissolved  than  those  uf 
arterial  blood ;  while  between  both  stands  blood  containing  CO.  When  the  gasea  arc  completely 
removed  frum  the  blood,  it  becomes  lake-colured.  J 

Salts  increase  the  resistance  of  the  corpuscles  to  physical  means  of  solution," 
while  they  facilitate  the  action  of  chemical  solvents, 

If  certain  salts  be  added  in  substance  to  blood,  Ihejr  make  blood  take-colored ;  potatsic  Ulpho- 
cynnide,  sodic  chloride,  etc.  {h'irtvafnviiy). 

Resistance  to  Solvents. — The  red  blood  corpuscles  offer  a  certain  degree  of 
resistance  to  the  action  of  solvents. 

Method. — Mix  a  ^mall  drop  of  blood  with  an  equal  volume  of  a  3  per  cent,  solution  of  sodic 
chloride,  and  then  add  distilled  water  until  all  the  colored  corpuscles  are  dis&olved.  Fill  the 
miKcr  (Fig.  3)  up  to  the  mark  I  with  blood  obtained  by  picking  the  finger,  and  blow  ihis  blood 
into  an  equal  volume  of  a  3  per  cent,  sijlution  of  NaCl  previously  placed  in  a  hollow  in  a  glass 
slide.  Mix  the  fluids,  and  the  corpuscles  will  remain  undissolved.  Uy  means  of  the  pipette  add 
dinilled  water,  and  go  on  doing  so  until  all  ihe  corjtuscles  are  dissolved  ;  which  is  ascertained  with 
the  microscope.  In  normal  blood,  solution  of  the  corpuscles  occurs  ifter  30  volumes  of  diililled 
water  have  been  aijdni  to  the  blood  [/,/ini/ois). 

There  are  some  individuals  whose  blood  is  more  soluble  than  that  of  others;  their  corpuscles 
are  soft,  and  readily  undergo  changes.  Many  conditions,  such  as  chvlxmia,  jK»i*oning  with  suh- 
ttaaccs  which  dissolve  the  corpuscles,  and  a  markedly  venous  condition  of  ihc  blood,  aft'cci  the 
corpuscles.  Interesting  obscrvaiions  may  l)C  made  on  the  blood  in  infectious  diseoMs,  hremoglobin- 
nria,  and  in  cases  of  burning.  In  an^-mia  and  fever,  the  capacity  for  resistance  seems  to  be 
diminished. 

6.  FORM  AND  SIZE  OF  THE  BLOOD  CORPUSCLES  OF 
ANIMALS. — All  niamnials  (with  the  exception  of  the  camel,  llama,  alpaca, 
and  their  allies),  and  the  tycloslomala  among  fishes,  f.^.,  Pt;tromyzon,  possess 
circular,  bi-concave,  non-nucleated ^  disk-shaped  corpuscles.  Elliptical  corpuscles 
without  a  nucleus  are  found  in  the  above-named  mammals,  while  all  birds,  reptiles, 
amphibians  (Fig.  i,  B,  1,  2),  and  fishes  (except  cyclostomata)  have  nudeateii^ 
elliptical,  bi-convex  corpuscles. 


site  (ft  *•  e.oai  Millimetre) 
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Corpuicles. 


Elephant. 9-4  M 

Man 7.7  " 

t>og 7.3  " 

Rabbit 6.9  '< 

Cat 6.S  " 

Sheep, 5.0  *• 

Goat 4,1  " 

Musk-deer,    ....  2.5  " 


Of  the  BlUptlcal  CorpuscUcs. 
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Short  Diaraettr. 


Llama 4.0  /i 

Dove, 6.5  " 

Fiofi 15-7  " 

Triton 19.5  " 

]^tcus 35.0  '• 


Loag  DlaaclKr. 
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14.7  '* 
22.3  '* 
29.3  " 
5S.0  " 


The  corpuscles  of  Amphiomt  are  nearly  onelhird  larger 
'  than  those  of  Proteus  \Ru1iiel). 


Among  vertebrates,  amphioxus  has  colorless  blood.  The  large  blood  corputdei  of  many 
amphibia,  e.g.,  amphiuma,are  visible  to  the  naked  eye.  The  blood  corpusclesof  the  frog  contaiu. 
in  addition  to  a  nucleus,  a  nucleolus  {Aiierhaiht  Ranxier),  [and  the  ."ame  is  true  of  the  coloreO 
Cor>'Ukclcsaf  the  newt  {S/ir/itt^'),  Tlic  nucleolus  is  revealed  by  acting  on  the  coqHtscles  with 
dilute  alcohol  { I,  alcohol ;  2,  water;  Rnnvicr's  *'«;A('i'/ <*« /iVri"  (I*'g.  7,f  ■).]  It  is  evident  thot 
the  larger  the  blood  corpuscles  are,  the  smaller  must  l>e  the  number  and  total  superficies  of  the  cor- 
puscles in  a  given  volume  of  blood.     In  birds,  however,  the  number  is  relatively  larger  thap  in 
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'  clsnes  of  vertebrates,  notwithstandtnc  the  larger  nire  of  their  corpuscles ;  this,  doubtless,  has 
1  relation  to  the  very  energetic  metaboHsm  that  takes  place  in  birds  {Afalassfz).  Among 
fDaoamala,  carnivora  have  more  blood  corpuscles  than  herbivora.  tjoat's  blood  contains  9,720,000 
corpuicles  per  cubic  millimetre:  llama's,  13,000,000;  buUtinches,  3,600,000 ;  lizard's,  1,420,000; 
frost's,  404,000;  and  ttiat  or  prnicus,  36,000  (  ^fWr'j'fr).  In  hibernating  animals,  the  number 
diminishes  from  7,000,000  to  2,000,000  per  cubic  millimetre.  No  relation  exists  l>eiween  ihe  size 
of  the  animal  and  that  of  its  blood  corpuscles. 

The  invertebrata  generally  have  colorless  blocKl,  with  colorless  corpuscles;  but  the  earlli-worm, 
and  tbe  larva  of  the  lar^e  gnats,  etc.,  have  red  blood  whose  plasma  contains  h<'emo};lobiii,  white  the 
blood  corpuscles  themselves  are  colorless.  Many  inrerlebratcs  possess  red,  violet,  brown  or  green 
Opalescent  bIoo<l  with  colorless  corpuscles  (amt'sboid  cells).  In  ceph.alopods,  and  some  crabs,  the 
Mood  is  blue,  ovriDg  to  the  presence  of  a  coloring  matter  (hseinocyanin),  which  contains  copper, 
and  Combines  with  O. 

7.  ORIGIN  OF  THE  RED  BLOOD  CORPUSCLES.— (A)  Dur- 
ing Embryonic  Life.— Blood  corpuscles  are  developed  in  the  fowl  during  the 
firet  days  of  embryonic  life,  [They  appear  in  groups  within  the  large  branched 
cells  of  the  mcsoblast,  in  the  vascular  area  of  the  blastoderm,  outside  the  develop- 
ing body  of  the  chick,  where  they  form  the  *'  blood-islands  "  of  Pander.  The 
luother-cells  form  an  irregular  network  by  the  union  of  the  processes  of  adjoining 
cells,  and  meantime  the  central  masses  split  up,  and  the  nuclei  multiply.  The 
smAll  nucleated  masses  of  protoplasm,  which  represent  the  blood  corpiKcles, 
acquire  a  reddish  hue,  while  the  surrounding  protoplasm,  and  also  Chat  of  the 
processes,  becomes  vacuolated  or  hollowed  out,  constituting  a  branching  system 
of  canals  ;  the  outer  part  of  the  cells  remaining  with  their  nuclei  to  form  the  walls 
of  the  future  blood  vtrssels.  A  fluid  appears  within  this  system  of  branched  canals 
in  which  the  corpuscles  lie,  and  gradually  a  communication  is  established  with 
the  blood  vessels  developed  in  connection  with  the  heart.  According  to  Klein, 
the  nuclei  of  the  protoplasmic  wall  also  proliferate,  and  give  rise  to  new  cells, 
which  are  washed  away  to  form  blood  corpuscles.]  At  first  the  corpuscles  exhibit 
amoeboid  movements,  are  devoid  of  pigment,  nucleated,  globular,  Earger  and 
more  irregular  than  the  permanent  corpuscles.  They  become  colored,  retain 
their  nucleus,  and  are  capable  of  undergoing  multiplication  by  division  ;  Remak 
observed  all  the  stages  of  the  process  of  dwision,  which  is  best  seen  from  the  third 
to  the  fifth  day  of  incubation.  Increase  by  division  also  takes  place  in  the  larvae 
of  the  salamander,  trtton  and  toad  {FieMtnmg) ;  and  during  the  inlra-uterine  life 
of  a  mammal,  in   the  spleen,  bone-marrow,  the  liver,  and  the  circulating  blood 

Neumann  found  in  the  liver  of  the  embryo  protoplasmic  cells  containing  red 
blood  corpuscles.  Cells,  some  with,  others  without,  haemoglobin,  but  with  large 
nuclei,  have  been  found.  These  cells  increase  by  division,  their  nucleus  shrivels, 
and  they  ultimately  form  blood  corpuscles  {Lowtt')  The  spleen  is  also  regarded 
as  a  centre  of  their  formation,  but  this  seems  to  be  the  case  only  during  embryonic 
life  (^JVeumann).  Here  the  red  corpuscles  are  said  to  arise  from  yellow,  round, 
nucleated  cells,  which  represent  transition  forms.  Foa  and  Salvioli  found  red 
corpuscles  forming  endogenously  within  large,  protoplasmic  cells  in  lymphatic 
{lands.  In  the  later  period  of  embryonic  life,  the  characteristic  non-nu- 
(teated  corpuscles  seem  to  be  developed  from  the  nucleated  corpuscles.  The 
micletis  becomes  smaller  and  smalltT,  breaks  up,  and  gradually  disappears.  In 
the  human  embryo  at  the  fourth  week,  only  nucleated  corpuscles  are  found  ;  at 
ihc  third  month  their  number  is  still  %-l/^  of  the  total  corpuscles,  while  at  the 
cod  of  fecial  life  nucleated  blood  corpuscles  are  very  rarely  found.  Of  course,  in 
uiimals  with  nucleated  blood  corpuscles,  the  nucleus  of  the  embryonic  blood 
corpuscles  remains. 

fB)  During  Post-Embryonic  Life. — KoUiker  assumed  that  in  the  tail  of 
tbe  tadf>ole  capillaries  are  formed  by  the  anastomoses  of  the  processes  of  branched 
aid  radiating  connective-lissuc  corpuscles.  These  corpuscles  lose  their  nuclei 
tad  protoplasm,  become  hollowed  out,  join  with  neighboring  capillaries,  and  thus 
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form  now  blood  clianiiels.  J.  Arnold  and  Golubew  oppose  this  view,  asserting 
that  the  blood  capillaries  in  the  tail  of  the  tadpole  give  off  solid  buds  at  different 
places,  which  grow  more  and  more  into  the  surrounding  tissues,  and  anastomose 
with  each  other;  aflcr  their  protoplasm  and  contents  disappear  they  become  hol- 
low, and  a  branched  system  of  capillaries  is  formed  in  the  tissues.  Ranvier 
noticed  the  same  mode  of  growth  in  the  omentum  of  newly-born  kittens. 

Young  rabbits,  a  week  old,  have,  in  their  omentum,  small  white  or  milk  spots 
{Jiativier)^  in  which  lie  "  vaso-formative  cells,"  /.('.,  highly  refractive  cells 
of  variable  shape,  with  long  cylindrical  protoplasmic  processes  (Fig.  8).     In  its 

refractive  power  the  protoplasm  of 
these  cells  resembles  that  of  lymph 
corpuscles.  Long  rod-like  nuclei 
lie  within  these  cells  (K,  K),  and 
also  rfti  blofld  corf>uscies  (r,  r),  and 
both  are  surrounded  with  proto- 
plasm. These  vaso-formative  cells 
give  off  protoplasmic  processes  (<i, 
a),  some  of  which  end  free,  while 
others  form  a  network.  Here  and 
there  elongated  connective-tissue 
corpuscles  lie  on  the  branches,  and 
ultimately  form  the  advent!  tia  of  the 
^^^  blood  vessel.     Tbe  vaso-formative 

FoMi.-it^,n  of  red  hlood  coTiHUM-W  within  ■•  vawfomwUve  cell*."  cclls  liavc  many  forms  :   they  may 
from  ihe  (.memiim  of  a  rabWi  «ven  d*y»  oW.    r,  r.  the  \yQ  elongalcd  cvliudcrs  ending  in 

(onacd  corpiuclo.  K,  K.  nudci  ol  ine  ruo-fonnaiivv  cell:  "  '  ■  i  i 

«.  tf,  iitoccMM  which  iiitinuifliy  unite  to  rono  capiiuries.        puiHts,  or   morc  rounU  and  oval, 

resembling  lymph  cells,  or  modi- 
fied connective-tissue  corpuscles.  TAesf  ceils  are  always  the  seat  of  origin  oj 
twtt-tWLleatcd  red  blood  corpuscles^  which  arise  in  the  protoplasm  of  vaso-formative 
cells,  as  chlorophyll  grains  or  slarc  h  granules  arise  within  the  cells  of  plants.  The 
corpuscles  escape,  and  are  washed  into  the  circulation  when  the  cells,  by  means  of 
their  processes,  form  connections  with  the  circulatory  system.  Probably  the 
vessels  so  formed  in  the  omentum  are  only  temporary.  May  it  not  be  that  there 
are  many  other  situations  in  the  body  where  blood  is  regenerated? 

[The  observations  of  Schafer  also  prove  the  intra-cellular  origin  of  red 
blood  corpuscles,  and  although  this  mode  usually  ceases  before  birth,  still  it  is 
found  in  the  rat  at  birth.  The  protoplasm  of  the  subcutaneous  connective- 
tissue  corpuscles,  which  are  derived  from  thcmesoblast,  has  in  it  small  colored 
globules  about  the  size  of  a  colored  corpuscle.  The  mother  cells  elongate,  be- 
come pointed  at  their  ends,  and  unite  with  processes  from  adjoining  cells.  The 
cells  become  vacuolated  ;  fluid  or  plasma,  in  which  the  liberated  corpuscles  float, 
appears  in  their  mterior,  and  ultimately  a  communication  is  established  with  the 
general  circulation.] 

Neumann  observed  similar  formations  in  the  emUryonlc  liver;  WissoUky  in  (he  rabbit's  amnion ; 
Klein  in  the  embryo  chick;  and  Hnyerl  in  ossifying  cartilage.  All  these  observations  go  lo  show 
that  at  a  certain  early  period  of  <Ievelnpment  blood  cor|)U.scles  are  fonned  within  other  large  cclb 
of  the  mcsobtut.  and  that  part  of  the  protoplasm  of  these  blood-forming  cells  remains  to  form  the 
wall  of  the  fulare  blood  vessel. 

(C)  Later  Formation. — Most  observers  agree  that  the  red  blood  corpuscles 
are  formed  from  s|>ccial  nucleated  cells,  which  gradually  assume  the  form  and 
color  of  the  perfect  red  corpuscle.  According  to  Neumann,  however,  these  cor- 
puscles are  pigmented  from  the  first.  In  the  tailed  amphibians  and  fishes,  the 
spleen,  in  all  other  vertebrates  the  red  marrow  of  bone,  are  the  scats  of 
formation  of  these  corpuscles,  which  subsetjuently  increase  by  division  {Neumann, 
Rindjieisch^  Biaosero),     In  the  red  marrow  of  bone  we  can  study  all  the  stages 
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of  the  transrormation  ;  especially  pale  contractile  cells  similar  to  colorless  corpus- 
cles, and  also  red  nucleated  corpuscles,  which  are  similar  to  the  nucleated  corpus- 
cle* of  the  embryo,  and  the  progenitors  of  the  red  corpuscles.  These  transition 
cells  are  said  by  Erb  to  be  more  numerous  after  severe  hemorrhage,  the  number 
of  them  occurring  in  the  blood  corresponding  with  the  energy  of  the  formative 
process.  After  copious  hemorrhage,  these  transition  forms  appear  in  numbers  in 
the  blood  stream.  The  small  veins,  and,  perhaps,  the  capillaries  of  the  red  roar- 
row  of  bone  and  the  spleen  have  do  proper  walls,  so  that  the  red  corpuscles  when 
Ibrracd  can  pass  into  the  circulation. 

Red  or  blckod'foiming  marrow  occars  in  the  hones  of  the  skull,  and  in  most  of  the  bones  of 
the  tfunk,  while  the  lx>nes  of  ilie  extremities  either  contain  yellow  mnrrow  (which  is  csscnttalty 
fatty  in  its  natarej,  ur,  at  most,  it  is  only  the  beads  of  the  long  Ixines  that  contain  red  marrow. 
Where  the  blood- regeneration  process  is  very  active,  howe%'er,  the  yellow  marrow  may  be  changeil 
into  red,  even  throughout  all  the  IxHies  of  the  cxtremilics  |  A'^uw.intt). 

8.  DECAY  OF  THE  RED  BLOOD  CORPUSCLES.— The  blood 
corpuscles  undergo  decay  within  a  limited  lime,  nnd  the  liver  is  regarded  as  one 
of  ihe  chief  places  in  which  their  disintegration  occurs,  because  bile  pigments  are 
formed  from  haemoglobin,  and  the  blood  of  the  hepatic  vein  contains  fewer  red 
corpuscles  than  the  portal  vein. 

The  splenic  pulp  contains  cells  which  indicate  that  colored  coq)uscles  are 
broken  up  within  it.  These  are  the  so-called  '*  blood-coiTiuscIe-containing  cells  " 
{§  102).  Quincke's  obset^ations  go  to  show  that  the  red  corpuscles — which  may 
live  from  three  to  four  weeks — when  abont  to  disintegrate,  are  taken  up  by  the 
while  blood  corijusclcs  in  the  hepatic  capillaries,  by  the  cells  of  the  spleen  and 
the  bone  marrow,  and  arc  stored  up  chiefly  in  the  capillaries  of  the  liver,  in 
the  spleen,  and  in  the  marrow  of  bone.  They  are  transformed,  partly  into 
colored,  and  partly  into  colorless  protcids  which  contain  iron,  and  are  either  de- 
posited in  a  granular  form,  or  are  dissolved.  Tart  of  the  products  of  decompo- 
sition is  used  for  the  formation  of  new  blood  corpuscles  in  the  marrow  and  in  the 
spleen,  and  also  perhaps  in  the  liver,  while  a  portion  of  the  iron  is  excreted  by 
the  liver  in  the  bile. 

That  the  normal  red  bltxid  corjmscles  and  other  particle*  suspemled  in  the  l>li>o<l  stream  are  not 
taken  up  in  this  way,  m.-iy  he  due  to  their  t>eing  smooth  and  polished.  As  the  corpuscles  grow 
eUer  and  become  mure  rigid,  they,  as  it  were,  arc  caught  by  the  amoeboid  cells.  As  cctU  contain- 
iif  blood  corpuscles  are  very  rarely  found  in  the  general  circulation,  one  may  assume  ihat  the 
MC«rrcnce  of  these  cells  within  the  spleen,  liver,  and  marrow  of  bone  is  favored  by  the  slowness 
of  ibe  circulation  in  these  or^nns  {Qutnrif). 

Paihological.— In  certain  pathological  conditions,  ferruginous  substances  derived  from  the  red 
Mood  cnryiu)^Ic5  are  found  in  maiucs  in  the  spleen,  the  marrow  of  bone,  and  the  capillaries  of  the 
SwT:  (11  When  the  disintegration  of  blood  corpuscles  is  increased,  as  in  ancitmifl  {S/aAe/}. 
{ti  When  the  formation  of  red  blood  coq'iuscles  from  tite  old  material  is  diminished.  If  the 
Qcretioa  from  the  liver  cells  be  prevented,  iron  accumulates  within  them ;  it  is  also  more  abundant 
II  die  blood  serum,  and  it  may  even  accumulate  in  the  secretory  celts  of  the  cortex  of  the  kidney 
ud  pancreas.  In  gland  cells,  and  in  the  tissue  elements  of  other  organs.  When  the  amount  of 
Ueoa  io  dogs  is  gieatly  increased,  after  four  weeks  an  enormous  number  of  granules  containing; 
ma  occur  ifi  the  iencocytrs  of  the  liver  capillaries,  the  cells  of  the  spleen,  iKine-marrow,  lymph 
{tends,  liver  cells,  and  the  epithelium  of  the  cortex  of  the  kidney.  The  iron  reaction  in  the  lost 
ivg  dtoatifins  occurs  after  the  introduction  of  hicmoglobin,  or  of  salts  of  iron  into  the  blood  i  C/a^- 

A'hen  tire  reflect  how  rapidly  large  quantities  of  blood  are  replaced  after 
■^morrliagc  and  after  menstruation,  it  is  evident  that  there  must  be  a  brisk  manu- 
ULiary  somewhere.  As  to  the  number  of  corpuscles  which  daily  decay,  we  have 
ia  some  measure  an  index  in  the  amount  of  bile  pigment  and  urine  pigment 
rmiiing  from  the  transformation  of  the  liberated  harmoglobin  (§  20^. 

9.  COLORLESS  CORPUSCLES,  BLOOD  PLATES  AND  GRAN- 
ULES.— 'White  Blood  Corpuscles. —Blood,  like  tnany  other  tissues,  con- 
fata  &  number  of  cells  or  corpuscles  which  reach  it  from  without  j  the  corpuscles 
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vary  somewhat  in  form,  and  are  called  colorless  or  urhitc  blood  corpuscles, 
or  "leucocytes"  {Ifewson,  1770).  Similar  corpuscles  are  found  in  lymph, 
adenoid  tissue,  marrow  of  bone,  and  as  wandering  cells  or  leucocytes  in  connective 
tissue,  and  also  between  glandular  and  epithelial  cells.  So  that  these  corpuscles 
are  by  no  means  peculiar  to  blood  alone.  They  all  consist  of  more  or  less  spher- 
ical masses  of  protoplasm,  which  is  sticky,  highly  refractilc,  soft,  capable  of  move- 
ment, and  devoid  of  an  envelope  (Fig.  9).     When  they  are  quite  fresh  (A)  it  is 

difficult  lo  detect  the  nucleus,  but 
Fig.  9.  after  they  have  been  shed  for  some 

C  time,  or  after  the  addition  of  water 

(B),  or  acetic  acid,  the  nucleus 
(which  is  usually  a  compound  one) 
appears  ;  acetic  acid  clears  up  the 
perinuclear  protoplasm,  and  reveals 
the  presence  of  the  nuclei,  of  which 
the  number  varies  from  one  to  four, 
although  generally  three  arc  found. 
The  subsequent  addition  of  ma- 
genta solution  causes  the  nuclei  lo 
stain  deeply.  Water  makes  the 
contents  more  turbid,  and  causes 
the  corpuscles  to  swell  up.  One 
or  more  nucleoli  may  be  present 
in  the  nucleus.  The  size  of  the 
corpuscles  varies  from  4-13  /i,  and 
as  a  rule  they  are  about  ttW  ^^  ^" 
inch  in  diameter;  in  the  smallest 
forms  the  layer  of  the  proto- 
plasm is  extremely  thin.  They  all 
exhibit   amceboid    movements 

A,  human  while  blood corpusclei,  without  Any  reagent;  B,  after   _,i,'    n,     ___     ,.„_..     -,,-,--_„»     ;_     .U  , 

ihe  wifon  ofw.wr;  c.  af«r  Kc.ic  acfd.  IT.  froj'.  cor.  which    are   vcry    apparent    in    the 

piracies,  ch*nge!i  of  shape  due  lo  atntrboid   moiremcnt ;   K,    larfitT  COrUUScleS,   and   WCrC  dlSCOV- 
nbriii  of  fibHa  from  coaBiilatcd  Mood:  F.dcrncnurv  Knu]-  ^,     .         C,,,  ,  ., 

uie».  ered    by    Wharton    Jones    m    the 

skate  (1846),  and  by  Davine  in  the 
corpuscles  of  man  (1850).  'Max  SchuUze  describes  three  different  forms  in 
human  blood : — 

( I ;  riie  smallest,  spherical  forms,  less  than  the  red  corpuscles,  with  one  or  two 
nuclei,  and  a  very  small  amount  of  protoplasm. 

{2)  Spherical  forms,  the  ^amc  size  as  the  colored  blood  corpuscles. 
(3)  The  large  amoeboid  corpuscles,  with  much  protoplasm  and  distinctly  evi- 
dent movements. 

[On  examining  human  blood  micrascopkolly,  more  espedally  aftev  tli«  colored  blood  corpuscles 
have  run  into  rouleaux,  ihc  colorless  corpuscles  may  readily  be  delected,  there  being  usually  three 
or  four  of  them  visible  in  the  field  at  once.  Tliey  adhere  to  the  glass  slide,  for  if  the  coverglau 
be  moved,  the  colored  corpuscles  readily  glide  over  each  other,  while  the  colorless  can  be  seen  still 
adhering;  to  the  slide.] 

[White  Corpuscles  of  Newt's  Blood. — The  characters  of  the  colorless  coq>uscles  are  best 
studied  in  a  drop  of  newt's  blood,  which  contains  the  following  varieties : — 

(I)  The  large,  Hnely  granular  corpuscle,  which  is  about  ,}„  of  an  inch  in  diameter,  irregn* 
lar  in  outline,  ujth  Bne  processes  or  pseudupodia  [>rojectin|,'  from  its  surface.  It  rapidly  changes 
its  shape  At  the  ordinary  iem|>erature,  and  in  its  interior  a  bi-  or  tripartite  nucleus  may  be  seen,  sur- 
rounded with  fine  granular  protoplasm,  whose  outline  is  continually  changing.  Somedmes  vacuoUt 
are  seen  in  the  protoplasm. 

(2 1  The  coarsely  granular  variety  is  less  common  than  the  finl-mcntioncd,  but  when  detected  its 
chamclers  are  tlUtinct.  The  protoplai^m  coniains,  bcMdcs  a  nucleus,  a  large  number  of  highly 
refractive  granules,  and  the  corpuscle  usually  exhibits  active  amoeboid  movements;  suddenly  the 
granules  may  be  seen  to  rush  from  one  side  of  the  corpuscle  to  the  other.     The  processes  are 
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moally  note  blant  tlion  those  emitted  by  (i).  The  Tclation  between  these  two  kimls  of  corpoKles 
\m»  not  lieen  aj^ertniiied- 

(3*  The  sinjill  colorless  corpuscles  ore  more  like  the  ordiiury  human  colorless  corpuscle,  and 
they,  loo,  exhibit  ttm<i.-boid  tnovemcnti.] 

Two  kinds  of  coloHe<»  corpuscles  like  [i\  and  (2)  exist  in  frog's  blood.  In  (he  coanely granu - 
Ur  curpmcles  tite  glancing  granules  may  ue  of  a  Tally  nature,  bincc  they  iltsiiolvc  in  alcohol  and 
ether,  but  other  granules  exist  which  nrc  imiotuble  in  tlie^e  Hiiids.  The  nature  of  the  latter  is 
vikknown.     Very  large  colorless  corpuscles  exist  in  the  axolatl's  lilood. 

[Action  of  Reagents. — (a)  Water,  wl;en  added  slowly,  causes  the  colorless 
corpuscles  to  become  globular,  and  the  granules  within  them  to  exhibit  Brownian 
movements.  (&)  Pigments,  such  as  magenta  or  carmine,  stain  the  nuclei  very 
<ieeply,  and  the  protoplasm  to  a  less  extent,  (tr)  Dilute  Acetic  Acid  clears  up 
the  surrounding  protoplasm  and  brings  clearly  into  view  thf  composite  nucleus, 
which  may  be  stained  thereafter  with  magenta,  (t/)  Iodine  gives  a  faint  port- 
wine  color,  especially  in  horse's  blood,  indicating  the  presence  of  glycogen,  {g) 
Dilute  Alcohol  causes  the  formation  of  clear  blebs  on  the 
surface  of  the  corpuscles,  and  brings  the  nuclei  into  view 

[A  delicate  plexus  of  the  fibrils — intra-nuclear  plexus 
—exists  within  the  nucleus,  just  as  in  other  cells.  It  is 
Tcry  probable  that  the  protoplasm  itself  is  pervaded  by  a 
similar  plexus  of  fibrils,  and  that  it  is  continuous  with  the 
inlra-nuclear  plexus  (Fig.  to).]  The  colorless  corpuscles 
divide,  and  in  this  way  reproduce  themselves. 

The  Number  of  Colorless  Corpuscles  is  very  much 
less  than  that  of  the  red  corpuscles,  and  is  subject  to  con- 
siderable variations.  It  Is  certain  that  the  colorless  cor- 
puscles are  vgry  much  fewer  in  shed  blood  than  in  blood  still 
within  the  circulation.  Immediately  after  blood  is  shed, 
an  enormous  number  of  white  corpuscles  disappear  (§  31). 

Al.  Schmidt  estimates  the  number  that  remain  at  A  of  the  whole  originally  present  In  the  circu- 
Utmg  blood.  The  proportion  is  greater  in  children  tnan  in  adulia.  The  followiog  table  gives  the 
Dumber  in  died  blood : — 


Fin.  10, 


Plexiu  of  librilf  in  a  colorlcit 
blood  corpuicle. 


Nnmnt  or  WHrra  ih  PitoFOSTtOH  to  Rrr  Blood  Cdxpukclm  :— 


lo  Konnsl  CoiMlltiona. 


\'-m{Wilcker). 
I  :  357  {Moinekott). 


In  DiflTennt  PUcci. 


Splenic  Vein,     l  :  60 
Splenic  Artery,  I  :  2260 
Hc)ialic  Vein,     I  :  170 
Portal  Vein,       i  :  740 
Generally    more   numerous 
in  Veitts  than  Arteries, 


Id  Different  Condiiiona. 


Incrtased  by  Digestion,  Loss 
of  Ulood,  Prolonged  Sup- 
puration, Pnnurilion.  Leu- 
kH:miai  Quinine,  ililters. 

Diminished  by  Hunger,  Bad 
Nourishment. 


[The  ntinaber  ftlso  varies  with  the  Age  and  Sex : — 


Ag».    SoK. 

While.    Rod. 

Gencnl  CocidUUMU. 

Whiu.    R«d. 

•"'i'i  ^i;^ 

1  :405 
1  :  226 
'  :335 
1  :38i 

During  pregn-incy,    .   .    . 

1  :  716 

»  :347 

1  :  2S1] 

n.  The  amoeboid  movements  of  the  white  corpuscles  (so  called  because  they 
rnemble  the  movements  of  amoeba)  consist  in  an  alternate  contraction  and  relax- 
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ation  of  the  protoplasm  surrounding  the  nticletis.     Processes  are  given  off  from  the 
surface,  and  are  retracted  again.     Tliere  is  an  interna! current  in  the  protoplasm,,^H 
and  the  nucleus  has  also  been  observed  to  change  its  form  [and  exhibit  contractions^^ 
P  without  the  corpuscle  dividing.    Thekaryo- 

kinetic  aster,  and  convolution  of  the  intra- 
nuclear plexus  have  been  seen.]   Two  series 
of   phenomena    result    from    these   move- 
ments: (i)  The  "wandering"  or  loco- 
motion of  the  corpuscles  due  to  the  exlen-^^_ 
sion  and  retraction  of  their  processes;  (a)^H 
the  absorption  of  small  particles  into^^ 
their  interior  (fat,  pigment,  foreign  bodies). 
^Sk  The  ]jjirticles  adhere  to  the  sticky  external 

^^:^C^  surface,  are  carried  into  the  interior  by  the 

internal  currents,  and  may  eventually  be 
excreted,  just  as  particles  are  taken  up  by 
amosba  and  the  effete  particles  excreted. 
[Max  Schultze  observed  that  colored  par- 
\:S^  tides  were  rcadilv  taken  up  by  these  cor- 

H«m.r.irucocyt.*..h..*(n«am«bewno«n.«ts.    pussies.     Conditions  for  movement.— 

In  order  that  the  amceboid  movements  of  the  leucocytes  may  take  place,  it  is 
necessary  that  there  be — (i)  a  certain  temperature  and  normal  atmospheric 
pressure;  (2)  the  surrounding  medium,  within  certain  limits,  must  be  "indiffer- 
ent," and  contain  a  sufficient  amount  of  water  and  oxygen  ;  (3)  there  must  be  a 
basis  or  support  to  move  on.] 

Struggle  between  Microbes  and  the  Organism. — Meisclinikoff  emphasises  llie  ncliniy  of 
ihc  leucocytes  in  retrogressive  processes,  wlierclj)'  ttic  pails  to  be  removed  are  taken  up  by  ihem 
in  fine  granules,  anil,  ns  it  were,  are  'Vo/c«."  Hence,  he  calls  s-uch  cells  "  phagocytes."  Thev 
mny  t>e  found  in  (he  nirophied  tails  of  batnichians,  the  cells  containing  in  their  interior  whole 
pieces  of  nerve  fibre  and  primitive  muscular  l>undles.  Schii^omycetes  which  have  found  their  way 
into  the  blood  ({  1S3)  have  been  found  to  be  partly  laken  up  by  the  colorless  corpuscles.  [The 
spores  of  a  kind  of  yeast  arc  simiUrly  attacked  in  the  tranEparcnt  tissues  of  the  water  Ilea  l>y  the 
leucocytes,  and  the  connective-tissue  cells  also  destroy  microbe5.1 

Effect  of  Reagents. — On  a  hot  stage  C35''-4o''  C.)  the  colorless  corpuscles 
of  warm-blooded  animals  retain  their  movements  for  a  long  time ;  at  40''  C. 
for  two  to  three  hours;  at  50°  C  the  proteids  are  coagulated  and  cause  ''heat 
rigor"  and  deatii  [when  their  movements  no  longer  recur  on  lowering  the  tem- 
perature]. In  cold-blooded  animals  (frogs),  colorless  corpuscles  may  be  seen 
to  crawl  out  of  small  coagula,  in  a  moist  chamber,  and  move  about  in  the  serum. 
[Draw  a  drop  of  newt's  blood  into  a  capillary  tube,  seal  up  the  ends  of  the  latter 
and  allow  the  blood  to  coagulate.  After  a  time,  examine  the  lube  in  clove  oil. 
when  some  of  the  colorless  corpuscles  will  be  found  to  have  made  their  way  out 
of  the  clot.]  Induction  shocks  cause  them  to  withdraw  their  processes  and 
become  spherical,  and,  if  the  shocks  bo  not  loo  strong,  their  movements  recom- 
mence. Strong  and  continued  shocks  kill  them,  causing  them  to  swell  up,  and 
completely  disintegrating  them. 

Diapedesis. — These  amreboid  movements  are  of  special  interest  on  account 
of  the  *•  wandering  out"  (diapedesis)  of  colorless  blood  corpuscles  through  the^ 
walls  of  the  blood  vessels  (§  95). 

lEfTcct  of  Drugs. — Acids  and  Alkalies,  if  very  dilute,  at  first  tncrcue.  but  afterward  arrett' 
their  tnovcmenis.  Sodic  chloride  in  a  1  per  cent,  solution  at  first  accelerates  their  movemcntt, 
but  afterward  produces  a  tetanic  contraction,  and,  it  may  be,  expulsion  of  any  food  panicles  tbejr 
contain.  The  Cinchona  alkaloids — quinine,  quiiililine.  cinchunidine  (i  :  1500) — auickly  arrest 
the  locomotive  movements,  as  well  as  the  protrusion  of  pseudopodia,  although  the  leucocytes  of 
different  animals  vary  somewhot  in  their  resistance  to  the  action  of  drugs.  Quinine  not  only  arrests 
the  movements  of  the  leucocytes  when  applied  to  them  directly,  but  when  injected  into  the  circii- 
lalion  of  a  frog  the  leucocytes  no  longer  pass  through  the  walls  of  the  capillaries  (if/fu). 
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Tfae  chjrle  contoios  lencocyies.  which  ue  more  resislant  than  those  of  the  bkx>d.  but  less  «o  than 
those  of  (he  coaji;Q)Able  transudations.  The  leucocytes  of  the  lymphatic  glands  may  also  he  diuolved 
\/CmusfAenf-afA). 

Relation  lo  Aniline  Pigments.—Ehrlich  has  observed  a  remarkable  relation  of  the  while 
eorposcles  xo  nciJ  fcosm,  picric  Acid.  aurancia),  /'ii.aV  (dahlia, acetate  of  rosanilinl^or  NfH/r<r/(picraie 
of  rosaniltn)  reactions.  The  sroalksi  proloploMtiic  granules  rtf  the  cells  have  different  chemical 
affinities  for  these  pigments.  Thus  Khrlich  iHrtinRuishes  "  c«sinophile,"  "  tiasophile,"  and  "  neo- 
tiophile"  graoules  within  the  cells.  Losioophtle  f;ranulcs  occur  in  the  leucocytes  which  come  from 
tone  mamiw,  the  myelogenic  leucocytes.  The  small  teucocyIeK,  i.  c,  those  about  the  si^c  of  % 
colored  blood  corpuurle  or  slightly  larger,  are  formed  in  the  lymphatic  glands,  the  lymphogenic. 
The  large  amix-boid  mulli- nucleated  cells,  which  are  found  outside  the  vessels  in  inflammations, 
cithi'bif  a  neutrophile  reaction.  Their  origin  is  unknown,  and  so  is  that  of  the  lai^c  uni-DUclcated 
cells,  and  tlie  large  cells  with  constricted  nuclei.  The  eoiiinuphile  corpuscles  are  considerably 
inereaMiJ  in  leuli.cmia.  The  Ktsophilf  granules  occur  also  in  connective  tissue  corpuscles,  especially 
in  the  neighborhood  of  epithelium;  ihey  are  always  greatly  tucreaaed  where  chronic  inflammatian 
ocean. 

III.  Blood  Plates. — Special  attention  has  recently  been  directed  to  a  third 
element  of  the  blood,  the  "blood  plates"  or  '*blood  tablets"  of  Biz/.ozero; 
pale,  colorless,  oval,  round,  or  lenticular  disks  of  variable  size  (^mean,  3  /i).     In 


Fig.  12. 
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"RmI  idAtn"  sad  their  deHiriktivet.  i.  a  red  blood  cwrpincle  on  (he  lUt ;  2,  on  ilie  tide;  3,  unchaoged  blood 
pllM,  4,tymph  corvtucle,  iurTOundciJ  hy  lilwid  pLttrs  ;  j,  Altered  hlomt  pl;iie«;  6, lymph  corpitccle  ujlh  two 
M»d(  0f  6i«M  blaod  plate*  and  ihrcjdi  of  libriB,  7,  poup  of  fiKcd  bloo<l  platci :  8,  tmall  Kroup  of  partially 
dtnoivedUood  pUlet  with  fibriU  of  titmii. 

a  healthy  man  Fusari  found  i8,ooo  to  250,000  in  i  cubic  millimetre  of  blood. 
These  blood  plates  may  be  recognized  in  the  circulating  blood  of  the  me.sentery 
of  a  chloralized  guinea-pig  and  the  wing  of  the  bat.  They  are  precipitated  in 
enormous  numbers  upon  threads  suspended  in  fresh  shed  blood.  They  may  be 
obtained  from  blood  flowing  directly  from  a  blood  vessel,  on  mixing  it  with  1  i>cr 
cent,  solution  of  osmic  acid.  They  rapidly  change  in  shed  blood  (Fig.  12,  5), 
disintegrating,  forming  small  particles,  and  ullimately  dissolving.  When  several 
occur  together  they  rapidly  unite,  form  small  groups  (7),  and  collect  into  finely 
^'ranular  masses.  These  masses  may  be  associated  in  coagulated  blood  with  fibrils 
*jf  fibrin  t  Fig.  12I. 

(These  blood  plates  are  hest  seen  in  the  shed  hinoil  of  the  guinea-pig,  especially  if  it  be  mixed 
•ilb  a  solution  of  sodic  sulphate  (sp.  pr.  1022)  or  J^  pet  cent.  NaCl  tinged  with  methyl-violet. 
Kujcuero  regards  them  as  ihe  agents  which  immediately  induce  coagulation  and  take  part  in  the 
fcnnalion  of  fibrin  during  coa^uiation  of  the  blood  ;  Kberth  and  Schttnmclbutich  ascnbe  the  initial 
hfoiatioii  of  while  thrombi  t()  them.  According  to  Luurit  they  are  formed  from  partially  disinte- 
^otitA  leucocytes,  a^  a  consequence  of  alteration  of  the  blood.  Along  with  the  leucocytes  Ihcy  are 
nonrncd  in  Ihe  formation  of  fibrin  (///.rrv/).  These  siruclures  were  known  to  earlier  olacrvers; 
btt  ilieir  signiticance  has  t)cen  variously  interpreted.     Hayem  called  them  bxinatoblasls.     Halle 
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found  tlinl  they  increued  in  pregnancy.  Afknassiew  in  conditions  of  r^encralion  of  Ihe  blood,  and 
FitsAri  in  fchrile  an.Titiia ;  tliey  are  diminished  in  fever. 

[As  to  (he  hsematob lasts,  or.  as  they  have  also  been  callefl,  the  "globules  of  Donai"  1 
Pouchet,  there  sccins  to  be  Mime  confusion,  for  both  colored  and   colorless   granules  are   describ 
uniler  these   names.     As  Gibson  suggests,  the  former  are,  perhaps,  parts  of  duintegniied  colored 
cor|>tiscle!i,  while  the  latter  are  tlie  blood  plates.     The  "  inv|sil)le  blood  corpuscles**  described  bf. 
Norris  seem  to  be  simply  decolorized  red  corpuscles  (//art,  Gi^ian).'] 

IV.  Elementary  Granules. — Blood  contains  elementary  granules  (Fig.j 
9,  F),  [i.e.,  the  elementary  particles  of  Ziminermann  and  Beale.  They  are  ir-1 
regular  bodies,  much  smaller  than  the  ordinary  corpuscles,  and  appear  to  consist 
of  masses  of  protoplasm  detached  from  the  surface  of  leucocytes,  or  derived  from 
the  disintegration  of  these  corpuscles,  or  of  the  blood  plates.  Others,  again,  are 
completely  spherical  granules,  either  consisting  of  some  proteid  substance  or  falty 
in  Iheir  nature.  The  protoplasmic  and  the  proteid  granules  disappear  on  the 
addition  of  acetic  acid,  while  the  fatty  granules  (which  are  most  numerous  after 
a  diet  rich  in  fats)  di^solve  in  ether]. 

V.  In  coagulated  blood,  delicate  threads  of  fibrin  (Figs.  9,  E,  and  13,  6, 
7,  8)  are  seen,  more  es[>ecially  after  the  corpuscles  have  nin  into  rouleaux.  .-Vt 
the  nodes  of  these  fibres  are  found  granules  which  closely  resemble  those  described 
under  III. 

[When  the  blood-forming  process  is  particularly  active,  ■*  nucleated  colored  corpuscles" 
or  ihe  "  corpuscles  of  Nctimann,"  are  sometimes  found  in  the  blood.     They  arc  identical  with  the 
nucleated  colored  blood  corpuscles  of  the  foetus,  being  somewhat  larger  than  the  non-nuclcaied j 
colored  corpuscle  ({  7).]  I 

10.  ABNORMAL  CHANGES  OF  THE  BLOOD  CORPUSCLES.— (i)  Hemor- 
rhages diminish  the  number  of  red  corpuscles  (nt  most  one-half),  and  so  does  menstruation. 
The  lusi  is  partly  covered  by  the  absorption  of  Huid  from  the  tissues.  .Menstruation  shows  us  that 
a  tnodemte  loss  of  red  cor^iuscles  is  replaced  viihm  twenty-eight  days.  When  a  large  amount  of 
blood  is  losJ,  so  that  all  the  vital  processes  are  lowered,  the  time  may  be  extended  to  live  weeks.  In 
acute  fevers,  as  the  tempcmturc  increases,  the  number  of  r^i  corpuscles  i/imiMi'M/j,  while  the 
icAife  corpuscles  iNcreaje  in  namher.  By  greatly  cooling  peripheral  parts  of  the  body,  as  by  keep- 
ing the  hands  in  iced  water,  in  some  individuals  possessing  red  bluud  corpuscles  of  low  resisting 
power,  ihcse  corpuscles  are  dissolved,  the  blood  plasma  is  reddened,  and  even  hemoglobinuria 
may  occur  (\  265). 

Diminished  production  of  new  red  corpuscles  causes  a  decrease,  since  blood  corpuscles  ore 
'continually  being  used  up.  In  chlorotic  females  there  seems  to  be  a  congenital  weakness  in  the 
blood-forming  and  blood- propelling  apparatus,  the  cause  of  which  is  to  be  sought  for  in  some  faulty 
condition  of  the  mesoblasl.  In  them  the  heart  and  the  blood  vessels  are  small,  and  the  absolute 
number  of  corpuscles  may  be  diminished  one-half,  although  the  rtlative  number  may  be  retained. 
while  in  the  corpuscles  themselves  the  hnrmoglobin  If  diminished  almost  one-third;  but  it  rises 
again  after  the  administration  of  iron  {I/ayem).  The  administration  of  iron  increases  the  amount 
of  h.^moglobin  in  the  blood.  [The  action  of  iron  in  an.Tmic  persons  has  been  known  since  the 
time  nf  Sydenham.  Ilayem  also  finds  in  certain  forms  of  ana:mia  that  there  is  considerable  varia- 
tion in  Ihe  sizf  of  tlic  red  corpUBcIes,  and  that  in  chronic  ann:mia  the  mean  di.imclcr  of  the  cor- 
jMisck-s  is  always  lc«s  than  normal  (7  n  to  6  ft).  There  if,  moreover,  a  persistent  alteration  in  the 
volume,  toloring  pmufr^  and  consistence  kA  the  corpuscles,  consctjuently  a  want  of  accord  between 
the  number  of  the  corpuscles  and  their  coloring  power,  i./.,  the  amount  of  hiemogloliin  which 
they  contain.  In  pernicious  anemia,  in  which  the  continued  decrease  in  the  red  corpuscles 
may  ultimately  produce  dejih,  there  is  undoubte<lly  a  severe  affection  of  Ihe  blood-forming  appa- 
ratus. The  corpuscles  a.*sume  many  abnormal  and  bizarre  forms,  often  being  oval  or  tailed, 
inepilarly  shaped,  and  sometimes  very  pale;  while  numerous  cells  containing  blood -corjiusclcs 
are  found  In  the  marrow  of  bone.  In  this  disease,  although  the  re<L  blood  CDrpu<^cIe&  are  diminished 
in  number,  some  may  be  larger  and  contain  more  h;emogIobin  than  normal  corpuscles.  The 
tmmher  of  colored  corpuscles  is  also  diminished  in  chronic  poisoning  by  lead  or  miasmata,  and 
also  by  the  poison  of  syphilis. 

( 3)  The  sixe  of  the  corpuscles  varies  in  disease  from  2.9-1 2.9  \i  (mean  6-8  /i) ;  '*  dwarf  cor- 
puscle*" or  microcytea  (6  u  and  less)  .ire  regarded  as  young  forms,  and  occur  plentifully  in  nearly 
all  caKS  of  anivmia.  "  Giant  blood  cori>ufcles  "  or  macrocytes  ( 10  »  and  more)  are  constant  in 
[•cmicious  an.'vmin,  and  sometimes  in  leuUtemia,  chlorosis,  and  liver  cirrhosis  ((7rdm]. 

(j)  Abnormal  forms  of  the  red  coqiuscltrs  have  been  observed  after  severe  bums  [^L^nirr^x 
the  corpuscles  .ire  much  smaller,  and  under  the  influence  of  the  heat,  pariiclet  seem  to  he  detached 
from  ibem  juai  as  can  be  seen  happening  under  the  microscope  as  the  effect  of  hcaL     Disintegra- 
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of  the  corpuscles  into  fine  droplets  h*8  been  observed  in  varioos  diseases,  u  in  severe 
moJansl  fevers.     The  dark  granules  of  a  pigment  closely  reltUed  to  h.'vmntin  are  derived  from  the 
,  psnalcs  Arising  from  (he  dt?>inic^atton  of  the  blood  corpuscles,  and  these  panicles  float  in  the  blood 
(tnelanflcmia).     This  condition  can  be  produced  artificially  liy  injecting  bisulphide  of  carbon  (7  to 
70  of    oil)  subcutaueously  inlo  rabbils  (.VAwvi/^/).      They  arc  [wrtly  ali!M)rl)e<l  by  the   colorLest 
[  corpai<le«.  I'lii  they  arc  also  deposited  in  the  spleen,  liver,  brain,  and  Iwne  marrow. 
I4'i    '^mclimes  the  red  curpiiscles  are  abnormally  soft,  and  readily  yield  tu  pressure. 
Parasites  of  Blcxid  Corpuscles, — Within  the  red  blood  corpuscles  of  birds,  fishes,  and  tor- 
loiMfc,  parasites  are  occasionally  developed  in  the  form  of  round  **  mcodo-vacuoles  "  from  which 
r  frre  paraaitcs  are  subset |uently  discharged  {DaniiewsMy),     In   malarial   conditions  in  man,  prolo- 
Izooo-like  organisms   have  been  seen  nritbin  the  red  corpuscles,  the  plosmodiuin  malariie  {Afar- 
}tkia/<rttt). 

The  white  corpuscles  are  enormously  increa.sed  in  number  in  leukaemia  (y.  //.  Benitett, 
Itr^^i^'}.      In  some  csics  [he  blood  looks  as  if  it  were  mixed  with  milk.       The  colorless  cor- 

Jxuclci  aeem  to  be  formed  chiefly  in  l>nne-marrow  {£.  JVeuaiann),  and  aUo  in  the  spleen  and 
omphalic  glands  (myelogenic,  splenic,  and  lymphatic  leukemia). 

II.    CHEMICAL    CONSTITUENTS    OF    THE     RED    BLOOD 

CORPUSCLES.— u  I  The  coloring  matter  or  haemoglobin  (Hb)  is 
the  cause  of  the  red  color  of  blood  ;  it  also  occurs  in  muscle,  and  in  traces  in  the 
flaid  part  of  blood,  but  in  the  last  case  only  as  the  result  of  the  solution  of  some 
red  corpuscles.  Its  percentage  composition  is:  C  53. S5,  H  7.32,  N  16.17, 
Feo.42,  S  0.39,  O  21. 84  (dog).  Its  rational  formula  is  unknown,  but  Preyer 
gives  the  empirical  formula  Cm%  ^m>^  ^^no  I'e,  S,,  0,„.  Although  it  is  a  colloid 
substance  it  crystallizes  in  aJl  classes  of  vcrte- 
ltfat»,  according  to  the  rhombic  s)'stem,  and 
chiefly  in  rhombic  plates  or  prisms;  in  the  guinea- 
pig  in  rhombic  tetrahedra;  in  the  squirrel,  how- 
ever, it  yields  hexagonal  plates.  The  varying 
forms,  perha[>s,  correspond  to  slight  differences 
m  the  chemical  composition  in  different  cases. 
Crystals  separate  from  the  blood  of  all  classes  of 
veflebrata  during  the  slow  evaporation  of  lake- 
colored  blood,  but  with  varying  facility  (Fig  13), 

The  coloring  maUer  crystallijies  very  readily  from  the 
blood  of  man.  dog,  moose,  guinea-pig,  rat,  cat,  hedgel>og, 
hor«,  rabbit,  birds,  fishes;  with  difficulty  from  thai  of  the 
iheep,  0%,  and  pig.  Colored  crj-stals  are  not  obtained  from 
the  blood  of  the  &og.  More  rarely  a  crystal  Is  formed  from 
a  nagle  corpuscle  enclosing  thestrom.i.  Crystals  have  t>een 
foaml  near  the  nucleus  of  Qie  large  corpuscles  of  fishes,  and 
in  this  dan  of  vertebrates  colorless  crystals  have  been  ob> 
trrved. 

Dichroism. — Hscmoglobin  crystals  are  doub- 
ly refractive  and  pleo-chromatic;  they  are 
bluish-red  with  transmitted  light,  scarlet-red  by 
rejected  light.  They  contain  from  3  to  9  per 
cent,  water  of  crystallization,  and  are  soluble  in  water,  but  more  so  in  dilute 
alkalies.  They  arc  insoluble  in  alcohol,  ether,  chloroform,  and  fats.  The  solu- 
tions are  dichroic :   red  in  reflected  light,  and  green  in  transmitted  light. 

In  the  act  of  ciystallization  the  htcmoglobin  seems  to  undergo  some  internal  change.  Before  it 
oyvlalliecs  it  dors  not  diffuse  like  a  true  colloid,  and  it  also  rapidly  decomposes  hydric  peroxide. 
If  it  b«  cediiaolvcd  after  crystallization,  it  diffuses,  although  only  to  a  small  extent,  but  it  no  longer 
decomposes  faydhc  peroxide,  and  is  decolorized  by  it.      [The  presence  of  O  favors  crystallization.] 

It.  PREPARATION  OF  H/EMOGLOBIN  CRYSTALS.— Method  of  Rollett.— Put 

dcMtfinaied  L-lood  in  a  ['laiiniim  capsule  placed  on  a  freezing  mixture,  freeze  the  hlood,  and  then 
lk»«  tl;  pour  ilie  lalcC' colored  blood  into  a  plate,  until  it  forms  a  stratum  not  more  than  i  4  mm. 
to  AkkiKss,  and  all'jw  it  to  evaporate  slowly  in  a  cool  place,  when  crysuls  will  separate. 

Mctbod  of  Hoppc-Seyler. — Mix  defibrinated  htood  with  10  volumes  of  a  20  per  cent,  salt 
M>tipn,  aixl  allow  it  to  siand  for  two  days.    Remove  the  clear  upper  fluid  with  a  pipelie,  wash 


■♦♦Af 

Hicni'.  .(l.it'tn  L-ryibtaU  frooi  Uood.  a.  i. 
hunua  ;  c,  cat :  d,  gulDea^plK;  t.  ham- 
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the  ihick  dcpofit  of  blood  corpuscles  witli  water,  and  afterwBnl  »hake  it  for  m  lone  time  witli 
Cfjoal  volome  of  ether,  which  dissolves  ihe  blood  corpuscles.     Remove  the  ether,  hlter  the  Iake« 
coIore«l  l>loud,  add  to  it  '4  ^^  '''  vulume  of  cold  alcohol  (o*^),  and  allow  the  mixture  to  stand  in  ihC 
cold  for  several  days.     The  numerous  crystals  can  be  collected  on  a  Hlter  and  pressed  between  fotdv"' 
of  blotting  paper. 

Method  of  Gscheidlen. — Take  deftbrinaicd  bloo<],  whtcli  lias  been  cxposett  for  twrnly-four 
hours  to  the  air,  and  keep  in  a  closed  tube  of  narrow  calibre  for  several  days  at  37°  C.  When  the 
blood  is  spread  on  glass,  the  crvstaU  form  rapi<lly.     [Vaccine  tulics  answer  very  well.] 

[Method  of  Stirling  and  Brito. —  it  is  in  many  caMs  ^uHiciem  to  mix  a  drofi  of  hlooil  with  a 
few  drupd  uf  water  on  a  z^ass  ^lide,  and  to  seal  up  the  preparation.  A^er  a  few  days  beautiful 
crystals  are  developed.  The  addition  of  water  to  the  blood  of  some  animals,  such  as  the  rat  and 
the  guinea-pig,  is  rapidly  followed  by  the  formaiion  of  crystals  of  li.i'iuo|;lobin.  Very  large  crystals 
may  be  obtained  from  the  stomach  of  the  leech  several  days  after  it  hns  sucked  blood.] 

13.  QUANTITATIVE  ESTIMATION  OF  HEMOGLOBIN.— (a)  From  the 
Amount  of  Iron. — As  dry  (100°  C.j  h.-eaioglobin  contains  0.42  per  cent,  of  iron,  the  atnount  of 
hemoglobin  may  be  calculated  from  the  amount  of  iron.      If  m  represents  the  percentage  amount 

loom 


of  metallic  iron,  then  the  percentage  of  bxmoglobin  in  blood  is  = 


0.42 


The  procedtire  is  the 


following:  Calcine  a  weighed  quantity  of  blood,  and  exhaust  the  ash  with  HCI  to  obtain  ferric 
chloride,  which  is  transformed  into  ferrous  chloride.  The  solution  ia  then  titrated  with  potassic 
permanganate. 

{i>)  Colorimetric  Method. — Prepare  a  dilute  watery  solution  of  hxmoglohin  cr>-stalsof  a  known 
strcngtli.  With  (his  ciJinpare  an  atgueous  dilution  of  the  blood  to  be  investigated,  by  adding  water 
to  it  until  the  color  of  the  test  solution  is  oUained.  Of  course,  the  solutions  must  be  compared  in 
vessels  with  parallel  sidej.anii  of  exactly  the  same  width,  so  as  to  give  the  same  thickness  of  lluid 
{iiuppt-SeyUr).  [In  the  vessel  with  parallel  sides,  or  h«eniatinometer,  the  sides  are  exactly  s 
ccntinietfc  apart.  Instead  of  using  a  standard  solution  of  oxyhnrmoglobin,  a  solution  of  picro- 
carminale  of  ammonia  may  be  used  {kajfunky,  Mal<is.sez),~\ 

{€)  By  the  Spectroscope.— I'reyer  found  that  an  0.8  per  cent,  watery  solution  (i  cm.  thicli), 
allowed  tile  rfd,  the  yellow,  and  the  first  strip  of  green  to  be  seen  (Fig.  17,  l).  Take  the  blood  lo 
he  inve!^tigate<l  (about  0.5  c.cm.),  and  dilute  it  with  water  until  it  shows  exactly  the  same  optical 
effects  in  the  spectroscope.  If  k  is  the  percentage  of  lib,  which  allows  green  to  pass  through  (0.8 
per  cent.),  b,  the  volume  of  blood  investigated  (about  0.5  c.cm.),  «/,  the  necessary  amount  oT  water 
added  to  dilute  it,  then  x  =t  the  percentage  of  Hb  in  the  blood  to  be  investigated — 


Fifi.  14. 


It  is  very  convenient  to  add  a  drop 
of  caustic  pmash  to  blood  and  then  to 
saturate  it  with  CO. 

[(*/)  The  Haemoglobinometerof 
Cowers  is  used  for  the  clinical  esti- 
mation  of  hicmoglobin  (Fig.  14). 
"The  tint  of  the  dilution  of  a  given 
volume  uf  bluod  with  distilled  water 
b  taken  as  the  index  of  the  amount 
of  h.tmoglobin.  The  distilled  water 
rapidly  dissolves  out  all  the  hicmo- 
globin,  as  is  shown  by  the  faa  tJiat 
the  lint  of  the  dilution  undergoes  no 
change  on  standing.  The  color  of  a 
dilution  of  average  normal  blood  one 
hundred  times  is  taken  as  the  standard. 
The  quantity  of  tixmoglohin  is  indi- 
cated  by  the  amount  of  distilled 
water  needed  to  obtain  the  tint  with 
the  same  volume  of  blood  under  ex- 
amination as  was  taken  of  the  stand, 
ard.  On  account  of  the  inslabilily  of 
a  standard  dilution  of  blootl,  tinted 
glycerine  jelly  is  employed  instead. 
This  is  {^rfcctly  stable,  and  by  means 
of  carmine  and  picro-carmme  the 
e*act  tint  of  diluted  blood  can  lie  olrtainetl.  The  apparatus  consists  of  two  glass  tubes  of  exactly 
Ihe  »ame  «ijte.  One  contains  (D)  a  standard  of  the  tint  of  a  dilution  of  20  cubic  mm.  of  bIo«)d,  in 
Cttbic  centimetres  of  water  (i   in  100).     The  aecond  tube  (Cj  is  graduated,  100  degrees  =  z 
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li«:ni<j|[li)t>iiiB'nc1cr.      A,  piprUc  lioulc   fordr»lillcd 
cupilUry  Ut|MTMt;   C,  cmtliuitcd  lube.    U,  lube  wit>i  «taiiiluril  ttilii- 
IJon  :  Y ,  fancd  (or  jirlcking  rhc  titiKer. 


USE   OF   THE   SPECTROSCOPE. 


Gl 


nelres  (loo  ttincs  20  cubic  millimetres).  The  30  cuhic  aiiltimctres  of  blood  are  measured  by 
a  capillftry  pipctie  (II).  This  quantity  of  the  blood  to  be  tested  is  ejected  into  the  bottom  of  the 
tube,  a  lew  drops  of  distilled  water  being  I'lrM  placed  in  the  latter.  The  mixture  in  rnpidly  agitated 
Id  prevent  Ibe  coagulaiion  of  ilie  blood.  The  distilled  water  is  then  added  ilrop  by  drop  (from  the 
pipctie  stopper  of  a  buttle  (A)  supplied  for  that  puri>t>»e),  until  the  (ini  of  the  diluliun  is  the  fisme 
as  thai  of  the  Mandird,  and  the  (niiourit  of  water  which  ha*  been  added  (1.  tr.,  the  degree  of 
dilution)  indicates  theauuuiitof  h.t:nioglo)'in." 

"Since  average  normal  blood  yields  the  tint  of  the  standard  at  100  degrees  of  dilution,  the 
namber  of  d^recs  of  dilution  necessary  to  obtain  the  same  tint  with  a  given  specimen  of  bluod  is 
ihc  percentage  proportion  of  the  hxuioglobin  Contained  in  it,  comiiared  to  the  normal.  For  inHtancCi 
Ibe  20  cnbic  millimetres  of  blood  from  a  patient  with  anannia  gave  the  standard  tint  of  30  degrees 
of  diluiioD.  Hence  it  contained  only  jo  per  cent,  of  the  normal  quantity  of  hemoglobin.  By 
asccTtatning  with  the  h;miacyloincler  the  corpuscular  richness  of  the  blood,  we  are  able  to  compare 
the  tw'j.  A  fraction,  of  which  the  numerator  is  the  percentage  of  hnrmoglobin,  and  tlie  denomi- 
nator the  percentage  of  corpiisclcft,  glve&  at  once  the  average  value  per  corpuscle.  Thus  the  blood 
mentioned  above  containing  30  per  cent,  of  hcemogtobin,  contained  60  per  cent,  of  corpu.<vcles; 
hence  the  average  valne  of  each  corpuscle  was  J^  or  ^3  of  the  normal.  Variations  in  the  amount 
of  h>vrooglobin  may  be  recorded  on  the  same  chart  as  that  employed  for  the  corpuscles.  The 
intiniment  is  only  expected  to  yield  approximate  results,  accurate  within  2  or  3  per  cent.  It  has, 
however,  been  found  of  much  utility  in  clinical  observ.ntton."] 

(c)  Fleitchl'a  Hxmometer. — For  clinical  purpoaeB  this  instrument  (Fig.  15)  is  useful.     A 
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Both  companmenls  are  rille<J 
Fm.  15. 


A^ 


cyUnder  G,  of  two  compartments  .7  nnd  a^,  tcsXs  on  a  metallic  table, 

with  water,  but  in  one  {ti)  n  placed  a 

known  quantity  of  bloud  measured  in  a 

measuring  tobe  of  known  capacity.     The 

red  color  of  the  solution  of  htvmoglobiii 

that  obtained   is  compared  with  a  red 

wedge  of  glass  (K).  which  is  moved  by 

ncaos  of  a  wheel  t  R  nnd  T)  under  the 

flther   companment    ya')   until    the    two 

utlotk  are  identical.     The  illumination  of 

tht  dilute   l)l<Mxl   solution    and   the  red 

cUh  wedge  is  done  from  bclnw  by  lamp 

lifht  retlected  from  the  white  rejecting 

larCice  (S|.     Tlie  frame   in   which   the 

red  gloss  wedge  is  fixed  tears  nurrfbers, 

aad  when  the  color  is  identical  in  the  two 

CQO^xutfflcnta  a  and  a',  the  jicrcentage 

of  tuRDOglobin  as  compared  with  normal 

Mud  can  be  read  uH  directly.     .Suppose 

Hobt  80 on  the  scale,  then  the  blood 

cuaioed  contains  So  per  cent,  of  the 

hnaoglobin  of  normal  blood. 

The  amount  of  hieraoglobin 
m  man  is  13.77  per  cent.,  in  the 
Totnan  12.59  per  cent.,  during 
prrgnancy  9  to  13  per  cent. 
{Ptiyer).  According  lo  Iveicb- 
tensiern,  Hb  is  in  greatest  amount 
in  the  blood  of  a  newly-born 
tDfant,  btit  after   ten    weeks   ihc 

nceis  disappears.  Between  six  months  and  five  years  it  is  smallest  in  amount; 
it  reaches  its  second  highest  maximum  between  twenty-one  and  forty-five,  and 
then  sinks  again.  From  the  tenth  year  onward,  the  blood  of  the  female  is  poorer 
in  Hb.  The  taking  of  food  causes  a  temporary  decrease  of  the  Hb,  owing  to  the 
dilution  of  the  blood. 

In  Animals. — In  the  dog, 9. 7;  ox,  9.9;  sheep,  10,3;  ptg,  11.7;  horse,  1 3.1 ;  birds.  16-17  per  cent. 

Pathological. — ?L  decrease  is  observable  during  recovery  from  febrile  comtiiions,  and  also 
darnig  phthisis,  cancer,  ulcer  of  the  stomach,  cardiac  disease,  chronic  diseases,  chlorosis,  leul:3fmia, 
pcmtaous  an.vmia,  ami  during  the  rapid  mercurial  treatment  of  syphilitic  persons. 

14.  THE  SPECTROSCOPE. — As  the  spectroscope  is  frequently  used  in  the  investigation 
4f  blood  and  other  Mibsiances.  a  short  description  of  the  instrument  is  given  here  (Fig.  16).     It 


V.  KteUchl'*  h^'mumi-ler.  K.  f-d  Ci)lcir«ij  wedyr  ol  i^l.i-'-  iiiotcd 
bjr  R ;  C,  niixmg  vnsel  with  two  compartmenu  a  and  a':  M . 
r»ble  wiih  hole  in  read  uff  the  percentaec  of  hnmogbbin  on 
ihc  scale  f;  T,  to  move  K;  5,  nlrror  of  plai(er.of'riinK. 
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conusts  of — (i)  a  tube,  A,  which  has  at  its  peripheral  end  m  slit,  S  (that  can  be  narrowed 
widened).  At  Ibc  other  end  a  collecting  kns,  C  (called  a  coltimator),  is  ptaceH.so  that  tis  focus^ 
is  in  exact  line  with  the  slit.  IJghi  (from  the  sun  or  a  lamp)  pa&Ks  thiou};h  the  slit,  and  ttitis  goes 
parallel  through  C  to  (2)  the  prism,  1*.  which  decomposes  the  parallel  rays  into  a  colored  »pec- 
tram,  r,  v.  {3)  An  astronomical  telescope  is  directetl  to  the  spectrum  r,  r',  and  the  observer,  b, 
with  the  aid  of  the  telescope,  sees  the  spectrum  magnified  from  six  to  cifjht  times.  (4)  A  third 
lube,  O,  contains  a  dcHoiie  scale,  M.  on  glass,  whose  image,  when  illuminated,  is  reflected  from 
the  prism  to  the  eye  of  the  obnerver,  so  that  he  sees  the  spectrum,  and  over  or  above  it  the  scale. 
To  keep  out  other  rays  of  light  the  inner  ends  of  the  three  tabes  are  covered  by  metal  or  by  a  dark 
cloth  (sec  also  ^  265). 

[The  micro-spectroscope,  f.^.,  as  made  by  Browning  or  Zeiss,  may  be  used  when  small  quan- 
tities of  a  solution  arc  to  be  examined.  Every  spectroscope  ottght  to  give  two  spectra,  so  that  the 
positioa  of  any  absorplioa  band  may  be  definitely  ascertained.  The  S{>ectrDscope  is  fitted  into  the 
ocular  end  of  the  lube  of  a  microscui^  instead  of  the  eye-piece.  Small  cells  for  contaiuint;  the 
fluid  to  be  examined  are  made  from  Einon  pieces  of  barometer  lulies  cemented  to  a  plate  of  glass-} 

Absorption  Spectra. — If  a  colored  medium  (e.g:,  a  solution  of  blood}  be  placed  Itetween  the 
slit  and  a  source  of  light,  all  the  ra}-B  of  coIore<l  light  do  not  pass  through  it — some  are  absorbed  ; 
many  yellow  rays  are  absorbed  by  blood,  hence  that  part  of  the  spectrum  appears  dark  to 
observer.     On  account  of  this  absorption,  such  a  spectrum  is  called  an  *'  absorption  sptctrum" 

Fig.  16. 


Scheme  »r  X  ^tic^rtmcopc  fn*  oliacrving  the  tpectnim  01    blood.       A,  tubs;    K,  UtI ;    m    m,  lajcr  of  blood  wllh 
IlKinc  tit  front  oi  it ;    f,  phtm ;    M ,  ikcnlc ;    C,  eye  of  obicrvcr  lookini;  through  a  Iclctcopc  ;    r,  r,  ipectfuai. 

Flame  Spectra. — If  mineral  substances  be  burned  on  a  platinum  wire  in  a  non-lumincus  flame 
or  Bunsen's  burner  in  front  of  the  slit,  the  elements  present  in  the  mineral  or  ash  give  special 
colored  b.ind  or  hands,  which  have  a  definite  position.  Sodium  gives  a  yellow,  potassium  a  red 
and  violet  line.     These  substances  are  found  on  tmrriing  the  ashes  of  almost  all  organs. 

If  sunlight  be  allowed  10  fall  upon  the  slit, the  spectrum  showsalarge  iiumber  of  lines  (Praun- 
hofer's  lines)  which  occupy  definite  positions  in  the  colored  spectrum.  These  lines  are  indicated 
by  the  letters  A,  B,  C,  D.  etc..  a,  b,  <.  etc.  (Tig.  17}. 

15.  COMPOUNDS  OF  Hb  WITH  O;  OXYHEMOGLOBIN  AND 
METH.ffiMOGLOBIN.— I.  Oxyhaemoglobin  (O.Hb)  behaves  as  a  weak 
acid,  and  occurs  to  the  extent  of  86.78  to  94.30  per  cent,  in  dry  human  red  cor- 
puscles i/iitif//).  It  is  formed  very  readily  whenever  Hb  comes  into  contact  with 
O  or  atmospheric  air.  According  to  Bohr,  i  gramme  Hb  unites  with  1.56  cubic 
cetuimetre  of  O  at  0°  and  760  mm.  Hg  presstire,  the  imion  being  stronger  in 
weak  than  in  concentrated  solutions.  Oxyh.'emoglobin  is  a  very  loose  chemical 
compound,  and  is  slightly  less  soluble  than  Hh  ;  its  spectrum  shows  in  the 
yelhw  and  the  green  two  dark  absorption-bands,  whose  length  and  breadth 
in  an  0.18  per  cent,  solution  are  given  in  Fig.  17  (2). 


COMPOUNDS   OF    Hv«.MOGLOBIN. 


63 


It  occun  in  the  blood  corpuscles  circulating  in  arteries  and  capillaries,  as  can 
be  shown  by  the  spectroscopic  examination  of  the  ear  of  a  rabbit,  of  the  prepuce, 
and  the  web  of  the  fingers  (Vieronif). 

[Spectrum  of  Oxyhaemoglobin. — In  the  spectrum  of  a  dilute  solution  of 
hsemoglobJn  crystals  or  arterial  blood,  part  of  the  red  and  violet  rays  are  absorbed , 
but  two  well-marked  absorption-bands  exist  between  D  and  E.  The  line 
nearest  D,  /.<-.,  next  the  red  end  of  the  spectrum,  sometimes  designated  by  the 
letter  (o)  is  narrow,  sharply  defined,  and  black  at  its  centre,  and  its  position  cor- 
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responds  to  the  wave-length  579.  The  other  absorption-band  near  E,  conveniently 
designated  by  (jS),  is  broader,  not  so  dark,  and  its  edges  are  less  sharply  defined. 
Lu  centre  corresponds  to  the  wave-length  5538.  In  very  dilute  solutions  the  « 
hand  is  ihe  only  one  visible.  In  a  strong  solution,  as  shown  in  Fig.  17,  the  two 
btflds  fuse,  but  are  again  made  visible  as  two  on  dilution  of  the  blood.] 

Reduction  of  Oxyhsemoglobin. — It  gives  its  O  very  readily,  however,  even 
when  means  which  set  free  absorbed  gases  are  used.  It  is  reduced  by  the  removal 
of  the  gases  by  the  air-pump,  by  the  conduction  through  its  solution  of  other  gases 
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(^CO)f  and  by  heating  to  the  boiling  point.  In  ihe  circulating  blood  its  O  is  very 
rapidly  given  up  to  the  tissues,  so  that  in  suffocated  animals  only  reduced  iuemo' 
i^iobin  is  found  in  the  arteries.  Some  constituents  of  the  serum  and  sugar  remove 
Its  O.  By  adding  a  solution  of  oxyh.-Emoglobin  reducing  substances — e.g., 
ammonium  sulphide,  iron  filings,  or  Stokes's  lluid  [tartaric  acid,  iron  proto-sulphaie, 
and  excess  of  ammonia] — the  two  absorption-bands  of  the  spectrum  disap|>ear,  and 
reduced  htrmoghbin  (gas-free),  with  one  absorption-band,  is  formed.  The  color 
changes  from  a  bright  red  to  a  purplish  or  claret  tint.  The  two  bands  are 
reproduced  by  shaking  the  reduced  hicmoglobin  with  air,  whereby  OjHb  is  again 
formed.  Solutions  of  oxyhitmoglobin  are  readily  distinguished,  by  their  scarlet 
color,  from  the  purplish  tint  of  reduced  hojimoglobin. 

[The  single  absorption*band  (Fig,  1 7,  4)  designated  by  the  letter  {y')y  lying  aboui 
midway  between  the  position  of  the  two  previous  bands,  is  broader,  fainter,  less 
deeply  shaded,  apd  its  centre  is  about,  but  not  quite,  intermediate  between  D  and 
E.  It  extends  between  the  wave-lengths  595  and  538,  and  is  blackest  opposite  the 
wave-length  550,  so  that  it  lies  nearer  D  than  E.  At  the  same  time  more  of  the 
blue  rays  are  transmitted.  On  dilution  the  band  is  not  resolved  into  two,  but; 
simply  becomes  fainter  and  disappears.] 

[Haemoglobin  has  certain  remarkable  characters:  (1)  Although  it  is  a  crystalloid 
body  it  diffuses  with  difliculty  through  an  animal  membrane,  owing  to  the  large 
size  of  its  molecule.  (2)  It  readily  combines  with  O  to  form  an  unstable  and  A^t'x^ 
chemical  compound,  oxyhaemoglobin.  (3)  This  O  it  gives  up  readily  to  the  tissues 
or  other  deoxidizing  reagents.  (4)  Its  composition  is  very  complex,  for,  in  addition 
to  the  ordinary  elements  present  in  proteids,  it  contains  a  remarkable  amount  of 
iron  (0.4  per  cent).] 

If  a  string  be  tied  round  th«  base  of  two  fingers  so  as  to  inlelrrupt  the  circulation,  Bpectroscopii 
examination  shows  ihu  the  oxyhinnogloUn  rapidly  passes    into   reduced  Hb  (  X'ierordt).     Coll 
delays  this  reduction  ;  U  i?  accelerated  in  youth,  during  muscular  activity,  or  by  suppressed  respira*' 
lion,  and  usually  also  during  fever. 

The  spectroscopic  examination  of  umall  blood  stains  »  often  of  the  ntmoft  forensic  importance. 
A  mioimal  drop  is  safficleni.  Dissolve  ihe  stain  in  a  few  drops  of  distilled  water,  and  place  the 
solution  in  a  ihiti  gla&s  tube  in  front  uf  the  slit  of  ihe  »]}ectroscopc. 

Para-hiemogtobin. — If  O^TIb  tie  preserved  under  alcohol  it  passes  intoa  modified  form,  which 
is  iiisulubic  in  s%'atcr  {Xmcki  anti  Siettr.) 

2.  Methaemoglobin  is  a  more  stable,  crystalline  compound  {/fof^pe-Sey/er.)  It 
contains  the  same  amount  of  O  as  O.Hb,  but  in  a  different  chemical  union,  while 
the  O  is  also  more  firmly  united  with  it.  It  shows  four  absorption-bands  like 
hiemaiin  in  acid  solution  (Fig.  i  7,  5  1,  of  which  that  between  C  and  D  is  distinct ; 
the  second  is  very  indistinct,  while  the  third  and  fourth  readily  fuse,  so  that  these 
last  two  bands  are  only  well  seen  with  good  api>aratus. 

It  is  produced  spontaneously  in  old  brown  blood  stains,  in  the  crusts  of  bloody  wounds,  in  blood 
cytis,  and  in  bloody  urine.  Chemically,  it  can  lie  prepared  tmm  a  solution  of  Mb,  by  the  action 
of  potassic  fcrri-cyanide  {Jadtrholm)  or  poiassic  chlorate  {^t/j^-c^dw*/),  [or  by  adding  to  a  solution 
of  lib  a  freshly  prepared  solution  oi  potassic  permanganate],  and  in  non-laky  blood  by  alloiianlin 
\  KevHilncsky).  It  crysialliics  if  defilninaied  binod  i-*  shaken  with  amyl  niirite  and  the  mahogany- 
brown  laky  fluid  be  allowed  to  evapor&ie  slowly  {//aUH'urtoH). 

If  a  trace  uf  ammonia  lie  added  to  a  sulutiun  of  mcthArmo^nblin,  it  give?!    an   alkaline  solutioik 
of  meth.-vmo(>oblin,  which  shows   two    bands    like   oxylKcmoglubin,  uf  which  the  tint  one  \s  the 
broader,  and  extends  more  toward   tbe   red.     If  ammonium   sulphide  be  added  tu  the   metharmo*  ■ 
globin  solution,  reduced  lib  is  formed.  ■ 

[Action  of  Nitrites. — The  addition  of  amyl  nitrite  dissolved  in  alcohol,  or 
sodic  potassic  nitrite  to  defibrniated  blood  causes  the  latter  to  assume  a  chocolate 
color,  which,  on  the  addition  of  ammonia,  changes  to  red.  The  chocolate-colored 
fluid  shows  one  well-defined  band  in  the  red,  and  less  distinctly  other  three  bands 
like  methaemoglobin  {Gawgee}.']  I 

[The  nitnics  therefore  form  a  compuutid  with  its  oxygen  more  firmly  fixed  than  the  O  in  11b(\^ 
«o  that  \»igK  dosci  of  nitrites  arrest  the  internal  reipiraUon  and  are  potsononi.    It  la,  however. 
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ft«(l  l}y  the  products  formed  id  the  blood  during  uphjxta,  while  CO-Hb  is  not,  the  melhx'cnnglobin 
roicii  by  the  nitrites  is  reduced  bjr  ihese  products  lo  lib,  which  a5  it  passes  through  the  lungs 
lse»  up  O.] 

i6.  CARBONIC  OXIDE  HiEMOGLOBIN,  POISONING  WITH 
CO. — 3.  CO-Haemoglobin  is  a  more  stable  chemical  compound  than  the  fore- 
going, and  is  produced  at  once  when  carbonic  oxide  is  brought  into  contact  with  the 
pure  Hb or  OjHb  (  C/.  Ji<:rnar^,  1857}.  It  has  an  intensely  Horid  or  i'A(r/r)'-r(f//color, 
IS  not  dichroic,  and  its  spectrum  shows  two  absorption-bands,  very  like  those 
of  OjHb,  but  they  are  slightly  closer  together  and  lie  more  toward  the  violet  (Fig. 
17,  3>.  Reducing  substances  which  act  upon  HbO.„  f.g.,  ammonium  sulphide  or 
Stokes's  fluid,  do  not  affect  these  bands,  i.t.,  they  cannot  convert  the  CO-Hb  into 
reduced  Hb.  If  a  10  per  cent,  solution  of  caustic  soda  be  added  to  a  solution  of 
CO-Hb,  and  heated,  it  gives  a  ctnnabar-reii  color :  while,  with  an  HbO,  solution, 
\\  gives  a  dark  brown,  greenish,  greasy  mass.  Oxidizing  substances  [solutions  of 
fiotassic  permanganate  (0.025  per  cent.)f  potassic  chlorate (5  percent.),  and  dilute 
chlorine  solution]  make  solutions  of  CO-Hb  cherry-red  in  color,  while  they  turn 
solutions  of  O-Hb  pale  yellow,  .\ftcr  this  treatment  both  solutions  show  the 
absorjit ion-bands  of  methjemogoblin,  but  thoseof  the  CO-Hb  appear  considerably 
later.     If  ammonium  sulphide  be  added,  O^Hb  and  CO-Hb  are  re-forraed. 

<jn  account  of  iti  stability,  CO-Hb  resists  external  influences  arvd  even  putrefaction  for  a  long 
toe,  tod  the  two  Ixinds  of  the  spectrum  may  be  visible  afier  many  months.  Landois  obtained  the 
ndi  tr«  and  siwctroscopic  bands  in  the  blood  of  a  woman  poisoned  eighteen  months  previously  by 
CU.  and  after  great  putrefaction  of  the  body  had  taken  place.  [Stirling  has  kept  CU-Hb  in  a 
wtpiwrril  Ijollle  for  five  years  without  putrefaction  taking  place.] 

If  CO  or  air  containing  it  be  inspired,  it  gradually  displaces  the  0,  volume  for 
volomr,  out  of  the  red  blood  corpuscles,  and  death  soon  occurs;  1000  c.cra. 
iiL<»pired  at  once  will  kill  a  man.  \  very  small  quantity  in  the  air  ( j^--pj*g^) 
suffice^,  in  a  relatively  short  time,  to  form  a  large  quantity  of  CO-Hb.  As  con- 
tinued contact  with  other  gases  (such  as  the  passing  of  O  through  it  for  a  very  long 
time)  gradually  separates  the  CO  from  the  Hb,  with  the  formation  of  O.Hb,  it 
happens  that,  in  very  partial  poisoning  with  CO,  the  blood  gradually  gets  rid 
of  the  CO  by  the  respiratory  organs.  It  is  uncertain  if  any  part  is  excreted  as 
CO..  [CO-Haemoglobin,  being  a  stable  compound  when  once  formed,  circulates 
io  the  blood  vessels ;  but  it  neither  gives  up  oxygen  to  ihu  tissues,  nor  takes  up 
oxygen  in  the  lungs,  hence  its  very  poisonous  properties.  The  real  cause  of  death 
in  animals  poisoned  with  it  is,  that  the  internal  respiration  is  arrested.] 

PbJsonin^  with  Carbonic  Oxide--~Cart)onic  oxide  is  formed  during  the  incomplete  comhuslion 
of  coal  or  ooke.  and  passes  into  the  air  of  the  room,  pruvideil  there  is  not  a  free  outlet  fur  the 
pMdncti  of  combustion.  It  occurs  to  the  extent  of  12-2S  per  cent,  in  ordinary  gas  which  lar)^cly 
i»f»  its  [wisonous  prop<rtic5  lo  the  presence  of  CO.  If  the  O  be  gradually  displaced  from  the 
Uood  )>>-  the  res|iiration  of  air  containing  CO,  life  can  only  be  maintained  as  long  as  sufficient  O  can 
!»  oUained  fn'im  the  blood  lo  stippon  the  oxidaiion.s  necessary  for  life.  [)eath  occurs  before  all  the 
On  diaplswed  from  the  blood.  Co  has  no  efl'ect  when  directly  applied  to  muscle  and  nerve.  When 
kii  mixed  with  aii,  as  in  coal-gas  poi&oning,  and  inhaled,  there  is  first  stimulation  and  afterward 
)«Tilyfis  of  the  nervous  system,  as  sbown  by  the  symptoms  induced,  <.g.,  violent  headache,  great 
MlMMe«».  excitement,  increased  activity  of  the  heart  and  respiration,  salivation,  tremors,  and 
tpana.  Later,  unconsciousness,  weakness,  and  paralysis  occur,  lat)ored  reRpiration,  diminished 
keuf  bcftt,  uid  Ift'itly,  complete  loss  of  sensibility,  cessation  of  the  rcsjiiralion  and  hc&rt-l>eal, 
«B<|  death.  At  hrst  the  temperalure  rises  several  tenths  of  a  degree,  but  it  soon  falls  1°  or 
■ore.  Tbe  ptilse  is  also  increased  at  first,  but  afterward  it  becomes  ver>-  small  and  frequent. 
1b  poisoning  with  pure  CO  there  is  no  dy«pn<ra,  hut  sometimes  muscular  .*|)asms  occur,  lilt  coma 
la  bdag  very  marked.  There  is  also  lenipornry  but  pronounced  paralysis  of  the  limbs,  followed 
If  vMcDl  apaxms.  Afrer  dealli  the  heart  and  Ijrain  are  congested  with  inteniely  florid  blood.  In 
liiionlnft  wiih  the  vapor  of  charcoal,  where  CO  and  CO^  both  occur,  there  is  a  varying  decree 
tf  <oraa  ;  pronounced  dyspncea,  muscular  sjyasms  which  may  last  several  minulcs,  gradual  paralysis 
■Inpb^ia,  moniliform  contrariion<<  and  subsequent  dilatation  of  the  blood  vessels,  with  congestion 
ifvinaw  organs,  occur,  accompanied  by  a  fall  of  the  blood  pressure  \Klef>i),  indicating  initial 
■■Hiktwa  and  subsequent  paralysis  of  the  vasomotor  centre.     This  also  explains  the  variations  in 
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Ihc  tempcratui-e  and  ihe  occasional  occurrence  of  sufjar  id  the  urine  alter  poisoaing  with  CO.    After 
death,  ilic  blood  vessels  are  found  to  be  lilled  with  fluid  blood  of  an  exquisitely  briulii  cherr)'-r< 
color,  while  all  the  muscles  and  viscera  and  exposed    parts  of  the  Ixidy  (such  as  the  lipbi  have  ihi 
same  color.     The  brain  is  soft  nnd  friahic ;  there  h  catarrh  of  the  respiratory  organs  and  dcgencr 
lion  of  the  muscles,  aud  great  cnngcslion  and  ilr^cncratton  of  the  livci,  kidnev«,  and  spleen      TK 
sjwia  of  \\\idi\y,/n?sf-Morf/M,  arc  l>iighi  red.     After  recoverj'  from  poisoning  wiiii  CO  there  may 
paraplegia  and  (although  more  rarely)  disturbances  of  the  cerebral  activity. 

17.  OTHER  COMPOUNDS  OF  H-ffiMOGLOBIN.— 4  Nitric 
Oxide  Hsemoglobin  (NU-IIb)  is  fortncd  when  NO  is  brought  inlo  contati 
with  Hb  {L.  Hermann). 

As  NO  has  n  great  afiiniiy  for  O,  red  fumes  of  nitrogen  peroxide  (NOj)  being  formed  whcnev 
the  two  gases  meet,  it  is  dear  that,  in  order  to  prepare  NO-Hh,  the  C)  must  first  be  removed.     This 
may  be  done  t>y  passing  H  through  it   [or  ammonia  may  be  added  to  the  blood,  and  a  stream 
NO  passed  through  it;  the  ammonia  combines  niih  all  the  acid  formed  by  the  union  of  the  NO 
with  Ihe  O  of  the  bloo<]].     NOHb  is  a  men  tioMe  ihemual  compound  than  CO-ilb,  which,  as  wc 
have  seen,  is  again  more  stable  than  0,IIh.     It  has  a  iluith-i'iolft  titil,  and  also  give»  two  abM>rpti< 
bands  in  the  s|)eciriim  similar  !o  those  of  (he  other  two  Comixiunds,  but  not  so  intense.     Th 
bands  arc  tiof  abolished  by  the  action  of  reducing  agents.     As  NO-Hb  cannot  be  formed  in 
body,  it  has  no  practical  significance. 

The  three  compounds  of  Hb,  with  O,  CO,  and  NO  are  crystalline,  like 
reduced  Hh ;  they  arc  isomorphous,  andl  their  sohitions  are  not  dichroic. 
All  three  gases  unite  in  equal  volumes  with  Hb.  If  O  be  conducted  through  a 
concentrated  solution  of  Hb  devoid  of  gas«fs,  a  crystalline  mass  of  OjHb  is 
thereby  readily  formed.  J 

5.  Cyanogen,  CNH  {J/offe-Seyler),  and  acetylene.  C,H,  {Hislroiv  and  f.iehreuh),  form  easily* 
decomposable  compounds  with   Hb.     The  former  occurs  in   poisoning  with  hydrocyanic   acid,  and 
has  a  spectrum  nearly  identical  with  that  of  Onllb,  and,  like  0,ltb,  it  is  reduced,  but  very  slowly» 
by  special  reagents.     [The  eKistence  of  these  compounds  is,  however,  highly  douUfuI  (6'iri*v^(v},] 

18.  DECOMPOSITION  OF  HEMOGLOBIN.— In  solution  and  in 
the  dry  state  Hb  gradually  becomes  decomposed,  whereby  the  iron-containing 
pigment  hxmatin  (along  with  certain  bye-products,  formic,  laclici  and  butyric 
acids)  is  formed.  Haemoglobin,  however,  may  be  decomposed  at  once  into  ( i) 
Haemattn,  a  body  containing  iron,  and  (2)  a  colorless  proteid  closely  related 
to  globulin;  by  {a)  the  addition  of  all  acids,  even  by  CO,  in  the  presence  of 
plenty  of  water  ;  {d)  strong  alkalies;  (r)  all  reagents  which  coagulate  albumin, 
and  by  heat  at  70°-8o**  C. ;  {d)  by  ozone. 

(A)  Hstnatin,  C„H„N,Fe04(AVffr>f/a«//5/>^(rr),  is  a  bluish-black  amorphous 
body,  which  forms  about  4  per  cent,  of  haimoglobin  (dog).  It  is  insoluble  in 
water,  alcohol,  and  ether;  soluble  in  dilute  alkalies  and  acids,  and  in  acidulated 
ether  and  alcohol. 

(i)  Acid  Haematin. — I-^canu  extracted  it  from  dry  blood  corpuscles  by  using 
alcohol  containing  sulphuric  and  tartaric  acids.  [If  acetic  acid  be  added  to  a 
solution  of  Hb  and  slightly  heated,  a  mahogany-brown  fluid  is  obtained,  contain- 
ing hamaiin  in  acid  solution^  which  gives  a  s|>ectrum  with  one  absorption-band 
to  the  red  side  of  D  near  C  ( Fig.  17,  5 ).  There  is  at  the  same  lime  a  considerable 
absorption  of  the  blue  end  of  the  spectrum.  If  an  ethereal  extract  of  the  acid 
hscmatin  be  made,  the  ether  is  colored  brown  and  shows  four  absorption-bands, 
as  in  Fig.  17,  5.] 

I  2)  Alkali  Hxmatin.— [If  to  the  above  solution  ammonia  or  caustic  soda  be 
added,  on  heating  gently,  the  color  changes,  and  the  fluid  becomes  dichroir, 
showing  a  greenish  tinge.  On  mixing  the  solution  thoroughly  with  air  the  spe< - 
Crum  of  oxy-alkali  hxmatin  is  obtained,  /.  e.,  one  absorption-band  just  to  the 
red  side  of  D  (Fig.  17,  6),  so  that  it  is  much  nearer  D  than  the  corresjvonding 
band  of  acid  hjcmatin.    Much  of  the  blue  end  of  the  si>ectnim  is  absorbed  as  well.} 

[(3)  Reduced  Alkali  Hecmatin  or  Hsmochromogen. — If  the  solution  of 
alkali  hiematin  be  reduced  by  ammonium  sulphide,  the  spectrum  of  hsemochro* 
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mogen  is  obtained,  viz.,  two  absorption-bands  between  O  and  E,  but  they  are 
nearer  the  violet  end  than  in  the  case  of  HbO,  and  Hb-CO  ^  Fig.  17,  7).] 

[(4)  Haematoporphyrin  or  Iron-free  Hamatin.— On  adding  blood  to 
concentrated  sulphuric  acid  a  clear  purplish-red  solution  is  obtained,  which  shows 
tiwo  absorption-bands,  one  close  to  and  on  the  red  side  of  D,  and  a  second 
half-way  between  D  and  E.  If  water  be  added  a  brown  precipitate  is  thrown 
down.  When  this  precipitate  is  dissolved  in  caustic  soda,  it  gives  a  fluid  which 
shows/our  absori)t  ion -bands.] 

Action  of  CO.^— If  CO,,  he  pa&s«d  through  a  solution  of  oxyhxnio(>Ioliin  for  a  Considerable 
lime,  reduced  lib  is  Bnt  formed ;  but  if  the  process  be  prolonged  the  Hb  is  decompiascd,  a  pre- 
d[^tjte  of  globulin  is  thrown  down,  and  an  absorption  band,  Mmilar  to  that  obtained  when  Hb  is 
decomposed  with  acids,  is  ot>ficrveU  (p,  66). 

An  alkaline  sohition  of  ha^matin,  when  reduced  by  tin  and  hydrochloric  acid, 
yields  urobilin  (compare  §  361). 

When  hemoglobin  is  extravasated  into  the  subcutaneous  tissue,  it  becomes  so  aUei«d  Ihat  at  first 

hfniAloidiQ(  j  20),  and  uUimAlely  hydrated  oxide  of  iron,  appear  in  its  place. 

19.  HiEMIN  AND  BLOOD  TESTS.— In  1853  Teichmann  prepared 
crysuls  of  hscmin  from  blood,  which  Hoppe-Seyler  showed  to  be  chloride  of 
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haematin  (Haematin,  -f  2HCI),  with  the  formula  C„H„ClN4Fe03  (^Nencki  ami 
Sieber),  The  presence  of  these  crystals  is  used  as  a  test  for  blood  stains  or  blood 
insolation.  They  (Fig.  18)  are  prepared  by  adding  a  small  crystal  of  common 
all  to  dry  blood  on  a  glass  slide,  and  then  an  excess  of  ^/dk-Ztf/ acetic  acid  ;  the 
•hole  is  gently  healed  until  bubbles  of  gas  are  given  off".  On  allowing  the  prepa- 
ration to  cool,  the  characteristic  hfcmin  crystals  are  obtained. 

Characters. — When  well  formed,  the  crystals  are  small  microscopic  rhombic 
filates,  or  rods;  sometimes  they  are  single^ai  other  limes  ihey  are  aggregated  in 
groaps,  often  crossing  each  other.  Some  kinds  of  blood  (ox  and  pig)  yield  very 
invgular,  scarcely  crystalline,  ma.'wes.  The  crystalline  forms  of  hremin  are  iden- 
tical in  all  the  different  kinds  of  blood  that  have  been  examined.  They  are  doubly 
refractive  ;  under  the  polarization  microscope  they  arc  a  glancing  yellow,  appear- 
in^mised  on  the  dark  field,  with  a  strong  absorption  of  the  light  parallel  to  the  long 
MM  of  the  crystals  {J^'aik  and  Morache).  They  are  pleochromatic  ;  by  trans- 
mitted light  they  are  mahogany-brown,  and  by  reflected  light  bluish-black,  glanc- 
ing like  steel. 

II)  PtepftTAtion  from  Dry  Blood  Stains. — Place  a  few  particles  of  the  blood  stain  on  a  glaAs 
lUe.  add  2  Id  t^  drDf.-«  of  ,^'/.}r;<i/  acetic  acid  and  a  small  crystal  of  commoD  salt;  cover  wiih 
acMcr-^ast,  and  beat  gently  over  the  tiame  of  a  spirit  lamp  uniil  bubbles  of  gas  are  given  off.  On 
,  the  crystals  appear  in  the  preparation  (Fig.  19]. 
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(2)  From  Stains  on  Porous  Bodies. — T}tt  tUuned  object  (cloth,  u-ooil,  Molting  paper,  earth) 
ix  extractec)  with  a  small  quantity  of  dilute  cciuitic  potash,  and  afterwards  with  waier  in  a  wnich- 
gloss.  Both  solutions  are  carefully  filtered,  aixl  taonic  acid  and  glacial  acetic  acid  are  added  until 
ail  flcid  reaction  ix  obtained.  I'he  dark  precipitate  which  is  formed  is  collected  on  a  tiller  ami 
wa&hed,  A  small  pari  of  It  is  placed  on  a  micro«cope  slide,  a  granule  of  common  salt  h  added, 
mnd  the  whole  dried  ;  the  dry  slain  is  treated  as  in  ( I )  (S/runf). 

(3)  Prom  Fluid  Blood. —  Liry  the  hlood  slowly  at  a  low  temperature,  and  proceed  ai  in  fi). 

(4)  From  Dilute  Solutions  of  Hsemoglobin. — {<7)  Sinrnfe's  J/fMct/.— Add  to  the  fluid. 
ammonia,  tannic  acid,  and  afterwards  glacial  acetic  acid,  until  it  isaciti;  a  black  precipitate  of 
lannate  of  hxmatin  is  thrown  down.  Thi.s  is  isolated,  washed,  dried,  and  iteaicd  as  in  (IJ,  but 
instead  of  ^H.C\  a  grannie  of  ammonium  chloride  is  added. 

Hxinin  crystals  may  sometimes  be  i)repared  from  putrefying  or  lake-colored 
blood,  but  they  are  very  small,  atid  the  lest  often  fails.  When  mixed  with  iron* 
rust,  as  on  iron  weapons,  the  blood  crystals  are  generally  not  formed.  In  such 
cases,  scrape  off  the  stains  and  boil  them  with  dilute  catistic  potash.  If  blood  be 
present,  the  dissolved  h^matin  forms  a  fiuid,  which  in  a  thin  layer  is  green,  in  an 
thick  layer  red  (//.  Jiosr).  ^1 

ILvmin  crystals  have  l>een  prepared  from  all  classes  of  vertebrates  and  from  the  blood  of  the 
earth-worm.     From  ihe  blood  of  the  ox  and  pig  they  may  be  almost  amor|)hons. 

Chemical  Characters. — They  are  insoluble  in  water,  alcohol,  ether,  chloroform ;  but  concen- 
trated I  IjSOj  dissolves  tliem,  expelling  the  HCI,  and  giving  a  violet-red  color.  .-Vmmonia  aliio 
divsnlveiv  ihcm,  and  if  the  resulting  solution  be  evaporated,  heated  to  130^0.,  and  treated  with 
Imiliny  water  (which  extracts  the  ammonium  chloride),  hiematoparphyrin — identical  with 
Mulder's  iron-free  hiernatoin.  and  with  Preycr's  bsematoin,  is  obtained  {/fo/'/>e-Seyfer).  It  i» 
a  hluish.blaclc  sulwtance,  which  on  being  |K>unded  forms  a  brown  snd  amorphous  powder.  It> 
solutions  in  caustic  alkalies  are  dichroic;  in  reflected  light,  brownish-red;  in  transmiued  lighi. 
in  a  thick  stratum,  red — in  a  thin  one,  olive-green.  llie  acid  solutions  are  inunuchroinatic  sad 
brown. 

Preparation  in  Bulk. — ^To  obtain  it  in  quantity,  heat  dried  horse's  blow!  with  10  parts  of 
formic   acid.     If  the  crj-istaU  be  suspended  in  methyl  alcohol,  on  ad<ling  iodine  mid  healing  them 

they  dissolve  M'itli  a  purple  color;  after  adding  bromine,  brown ; 
and  after  passing  chlorine  ga^,  green  ;  all  these  give  a  characteristic 
spectrum  {AxenfeWs. 

The  glacial  acetic  acid  may  be  rej^laced  by  oxalic  or  tartaric 
acid,  the  common  salt  by  salts  of  iodine  or  bromine ;  in  the  latter 
case  similar  bromine-  or  iodiue-hA'niatin  is  formed  {Bikfatvi'). 

ao-  H.fflMATOIDIN,— Virchow  discovered  this 
important  derivative  of  hemoglobin.  It  occurs  in  the 
body  wherever  blood  stagnates  outside  the  circulation, 
and  becomes  decomposed — as  when  blood  is  cxtra- 
vasated   into  the  tissues — e,g,,  the  brain — in  solidi^ed 

blood  plugs  or  thrombi ;  especially  in  veins  ;  invariably  in  the  Graafian  follicles. 

It  contains  no  iron  (Cj^HmN^Oft),  and  crystallizes  in  clino-rhombic    prisms  (Fig. 

20)  of  a  yellowish'brown  color.     It  is  soluble  in  warm  alkalies  and  chloroform. 

Very  probably  it   is  identicai  with  the  bile-pigment — bilirubin.     [When  acted 

upon  by  impure  nitric  acid  (Ginelin's  reactionj,  it  gives  the  satne  play  of  colors 

as  bile.] 

Pathological. — In  cases  where  a  large  amount  of  blood  has  undergone  soluiiou  within  the 

blood  vessels  (as  by  injecting  foreign  blood)  hocmatoidto  crystals  have  been  found   in  the   urine. 

For  their  occurrence  in  Ihe  urine  in  jaundice  {\  iSo),  and  in  the  sputum  (J  138). 

21.  (B.)  THE  COLORLESS  PROTEID  OF  HiEMOGLOBlN.— 
It  is  closely  related  i<i  globulin  ;  but,  while  the  latter  is  precipitated  by  all  acids, 
even  by  CO„  and  rc-dissolvcd  on  passing  0  through  it,  the  protcid  of  hxmoglobin, 
on  the  other  hand,  is  not  dissolved  after  precipitation  on  passing  through  it  a 
stream  of  O. 

As  crystals  of  ha:moglobin  can  be  decolorized  under  special  circumstances,  it  is  piobtablc  that 
these  owe  iheir  crystalline  form  to  ihc  proieid  which  they  contain.  I^ndois  placed  crystals  of 
luvmogloUu  along  with  alcohol  in  a  dialyser,  puuing  ether  acidulated  with  sulphuric  acid  outside, 
and  thereby  obtained  colorless  crystals.     [If  frogs*  blood  be  scaled  up  on  a  microscoptc  slide  along 
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with  a  few  drops  of  water  for  several  ddvs,  long,  colorless,  acicular  crystals  ore  developed  io  it 
I  \SHj-iiHff  ahJ  Btita).] 

aa.  II.  PROTEIDS  OF  THE  STROMA,— Dry  red  human  blood  cor- 
puscles  conuin  from  5.10-12.24  per  cent,  of  tht'se  proteids,  but  little  is  known 
about  them  {yHt/e//),  One  of  them  is  globulin,  which  is  combined  with  a  body 
resembling  nuclein  (/f^<?/</ri/^r),and  traces  of  a  diastatic  ferment  (r.  irU/ich). 
The  stroma  tends  to  form  masses  which  resemble  fibrin. 

L.  Itrunton  Touod  a  body  rcsembUn^  miicia  in  the  nuclei  of  red  blood  corpuscles,  and  Miescher 
dcteclcd  Duclein  (J  350,  2). 

23.  OTHER  CONSTITUENTS  OF  RED  BLOOD  COR- 
PUSCLES.— III.  Lecithin  (0.35-0.73  per  cent.)  in  dry  blood  corpuscles 
^§  250,  2).     Cholesterin  (0.25  per  cent.)  (J^  250,  111.),  no  Fats. 

Lecithin  i»  regarded  as  a  glycero-phoaphate  of  neurin,  tti  which,  in  the  radical  of  gtycero- 
pHotpbohc  acid,  two  atoms  of  H  are  replaced  by  two  of  the  radical  of  stearic  acid.  By  gentle  heat 
gtycero- phosphoric  acid  is  split  up  into  glycerine  and  phosphoric  acid  {\  35o)> 

These  sub»:aoces  are  obtained  by  extraciing  old  slrotnata  or  isolated  blood  corpuscles  with  ciher. 
\Vben  the  ether  evaporates,  the  cliaractcriKtic  globular  forms  {'*  myelin-forms"!  of  lecithin,  aod 
<Q^)aU  of  cholesterin  are  rccoi^ni/ed.  The  amount  of  lecithin  may  \x  determined  from  the 
Bfiount  of  phosphoras  in  the  ethereal  exiracL 

IV.   Water  (681.63  P"  1000— C  Schmuif). 

V.  Salts  (7. 28  per  1000),  chiefly  compounds  of  potash  and  phosphoric  add ; 
the  phosphoric  acid  is  derived  only  from  the  burned  lecithin  ;  while  the  greater 
put  of  the  sulphuric  acid  is  derived  from  tlie  burning  of  the  haemoglobin  in 
Oie  analysis. 

AnaiyBis  of  Blood.  — 1000  part<>,  by  weight,  of  horse's  blood  contain — 

344.r8  blood  corptiRcIes  (containing  about  128  per  cent,  of  solids}. 
655.82  plasma  (containing  about  10  per  cent,  of  solids). 

1000  puts,  by  weight,  of  moist  blood  corpuscles  contain — 

Soli^, 3G7.9(pig);  400.t  fox). 

Water, 632.1     •'      599<9    ** 

The  nUds  tr«— 

Pif.  Ox. 

Haemoglobin, 261  2S0.5 

Proteids. 86.1  107 

Lecitliin,  Cholesterin,  and  other  Organic  Bodies, .    .    .    12.0  7.5 

Inorganic  salts 8.09  4.8 

f  Potash, 5.543  0.747 

Magnesia, 0.158  OU517 

Including    Chlorine 1.504  1.635 

Phosphoric  Acid. 2.067  o-703 

Soda, o  2.093  i^t^S')' 

[Kxi  approximate  estimate  of  the  composition  of  human  blood  is  given  in 
the  following  table : — 

Composition  of  Human  Blood  as  a  VThole. 

Water 7S0 

Solids — of  these— 

Corpuscles, 134 

Scrum -allrtimin,      ) 

Serum -globulin,       / ' 

Fibrinof  Clot  (?  Fibrinogen). a. 2 

Inorganic  Solu  (of  serum) 60 

Extractives, 6.a 

Fatty  matters, i^ 

Gases,  0,  CO,,  N.] 

14.  CHEMICAL  COMPOSITION  OF  THE  WHITE  CORPUS- 
CLES.— Invtstigaiions  have  been  made  on  pvis  cells,  whit  h  closely  resemble 
colorless  blood  corpuscles.     They  contain  several  proteids ;  alkali-alburainate,  a 
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proteid  which  coagulates  at  48°  C,  an  albuminate  resembling  myosin,  paraglobu- 
iin,  peptone,  and  a  coagulating  ferment ;  nuclein  in  the  nuclei  (§  250,  2),  gly- 
cogen (§252"),  lecithin,  ccrcbnn,  cholcsterin,  and  fat. 


100  parts,  by  weight,  of  dry  pus,  oontaio  the  following  Salts  :— 

Earthy  Phosphnles, 0416     '     Potash 0.201 

Sodic  Fhosplmte 0.606     |     Sodic  Chloride, .    0.143 


1 


25.  BLOOD  PLASMA  AND  ITS  RELATION  TO  SERUM.— The 
unaltered  fluid  in  which  the  blood  corpU!>clc^  float  is  culled  blood  plasma,  or 
liquor  sanguinis.  This  fluid,  however,  after  blood  is  withdrawn  from  the  vessels, 
rapidly  undergoes  a  change,  owing  to  the  formation  of  a  solid  fibrous  substance — 
fibrin.  After  this  occurs,  the  new  fluid  which  remains,  no  longer  coagulates  sponta- 
neously (it  is  plasma,  minus  the  fibrin  factore),  and  is  called  scrum.  Apart  from 
the  presence  of  the  fibrin  factors,  the  chemical  composition  of  plasma  and  scrum  is 
the  same. 

[When  blood  coajpilates,  Table  I  shows  what  lakes  place,  while  Table  II  shows  what 
when  it  Is  l>eiiteD  :  — 

I.  11. 


Coagulation. 
BuKie. 


Plasna. 


Connuck*. 


Serum. 


Fibrin  fitcum. 
I 


When  beaten. 


BbOOO. 

I 


Pluaa. 


I 
BloBd  Clot.' 


Fibrin  bcton. 
Fibrin. 


Senne. 

! 


OefibriDsted  Blood 


Plasma  is  a  clear,  transparent,  slightly  thickish  fluid,  which,  in  most  animals 
(rabbit,  ox,  cat,  dog),  is  almost  colorless;  in  man  it  is  yellow,  and  in  the  horee 
citron  yellow.  J 

26.  PREPARATION   OF   PLASMA.— (A)  Without  Admixture.—" 

Taking  advantage  of  the  fact  that  plasma,  when  cooled  to  o**  outside  the  body,  does 
not  coagulate  for  a  considerable  time,  Briicke  prepares  the  plasma  thus :  The  blood 
of  the  horse  (because  it  coagulates  slowly,  and  its  corpuscles  sink  rapidly  to  the  bot- 
tom) is  received,  3&  it  flows  from  an  arterj*,  into  a  tall,  narrow  glass,  placed  in  a 
freezing  mixture,  and  cooled  to  0°.  The  blood  remains  fluid,  the  colored  cor- 
puscles subside  in  a  few  hours,  while  the  plasma  remains  above  as  a  clear  layer, 
which  can  be  removed  with  a  cooled  pipette.  If  this  plasma  be  then  passed 
through  a  cooled  filler,  it  is  robbed  of  all  its  colorless  corpuscles.  [Burdon- 
Sanderson  uses  a  vessel  consisting  of  three  compartments — the  outer  and  inner 
contain  ice,  while  the  blood  is  caught  in  the  central  compartment,  which  does  not 
exceed  half  an  inch  in  diameter.]  The  quantity  q\  plasma  may  be  roughly  (but 
only  roughly)  estimated  by  using  a  tall,  graduated  measuring  glass.  If  the  plasma 
be  warmed,  it  soon  coagulates  (owing  to  the  formation  of  the  fibrin),  and  passes 
into  a  trembling  jelly.  If,  however,  it  be  beaten  with  a  glass  rod,  the  fibrin  is 
obtained  as  a  white,  stringy  mas3,  adhering  to  the  rod.  The  quantity  of  fibrin  in 
a  given  volume  of  plasma  is  very  small  (p.  71 ),  although  it  varies  much  in  difTerent 
cases. 

(6)  With  Admixture. — Blood  flowing  from  an  artery  is  caught  in  a  tall  vessel 
containing  f  of  its  volume  of  a  concentrated  solution  of  sodic  sulphate  {ffnvson) 
— or  in  a  25  per  cent,  solution  of  magnesic  sulphate  (i  vol.  to  4  vols,  blood — 
Simmer) — or  i  vol.  blood  with  2  vols,  of  a  4  per  cent,  solution  of  monophosphate^ 
of  potash  (Miisia),  When  the  blood  is  mixed  with  these  fluids  and  put  in  a  coo)| 
place,  the  corpuscles  subside,  and  the  clear  stratum  of  plasma  mixed  with  the  sail 
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may  be  removed  with  a  pipette.  [The  plasma  so  obtained  is  called  *' salted 
plasma."]  If  the  salts  be  removed  by  dialysis,  coagulation  occurs ;  or  it  maybe 
caused  by  the  addition  of  water  {yok.  MHNer).  Blood  which  is  mixed  with  a  4 
per  cent,  solution  of  common  salt  does  not  coagulate,  so  that  it  also  may  be  used 
for  the  preparation  of  plasma.  [For  frogs'  blood  Johannes  Miiller  used  a  %  per 
cent,  solution  of  cane  sugar,  which  iK-rmits  the  corpuscles  to  be  separated  from 
the  plasnu  by  filtration.  The  plasma  mixed  with  the  sugar  coagulates  in  a  short 
time.] 

37.  FIBRIN— COAGULATION  OF  THE  BL9OD— General  Char- 
acters-—  Fibrin  is  that  substance  which,  becoming  solid  in  shed  blood,  in  plasma 
and  in  lymph  causes  coagulation  of  these  fluids.  In  these  fluids,  when  left  to  them- 
selves, fibrin  is  formed,  consisting  of  innumerable,  excessively  delicate,  closely 
packed,  microscopic,  doubly  refractive  fibrils  (Fig.  7,  E).  These  fibrils  entangle  the 
blood  corpuscles  as  in  a  spider's  web,  and  form  with  them  a  jelly-like  solid  mass  called 
the  blood  clot  or  placenta  sanguinis.  At  first  the  clot  is  very  soft,  and  after 
the  first  3  to  15  minutes  a  few  fibres  may  be  found  on  its  surface  ;  these  may  be 
removed  with  a  needle,  while  the  interior  of  the  clot  is  filill  fluid.  The  fibres 
ultimately  extend  throughout  the  entire  mass,  which,  in  this  stage,  has  been  called 
iruor.  After  from  12  to  15  hours  the  fibrin  contracts,  or,  at  least,  shrinks  more 
and  more  closely  round  the  corpuscles,  and  a  fairly  solid,  trembling,  jelly-like  clot, 
which  can  be  cut  with  a  knife,  is  formed.  During  this  time  the  clot  takes  the 
^hape  of  the  vessel  in  which  the  blood  coagulates,  and  expresses  from  its  substance 
a  fluid — the  blood  serum.  Fibrin  may  be  obtained  by  washing  away  the  cor- 
puscles from  the  clot  wiih  a  stream  of  water. 

Crusta  Phlogistica. — If  the  corpuscles  subside  very  rapidly,  and  if  the  blood 
coagulates  slowly,  the  upper  stratum  of  the  clot  is  not  red,  but  only  yellowish,  on 
ucount  of  the  absence  of  colored  corpuscles.  This  is  regularly  the  rase  in  horse's 
blood,  and  in  human  blood  it  is  observed  especially  in  inflammations ;  hence  this 
layer  has  been  called  crusta  phlogistica.  Such  blood  contains  more  fibrin,  and 
M>  coagulates  more  slowly. 

Tlie  cnisia  is  formed  under  other  circiimMances,  f.g.,  with  increased  sp.  gr.  of  the  corpuscles, 
or  dimmt&tied  sp.  yr.  of  ttie  plasma  (as  in  liydnemia  and  chlurusis),  wheietiy  the  coritusclea  smk. 
more  rapidly,  and  also  diirinf;  prcf^nancy.  The  taltcr  and  narrower  the  glass,  the  thicker  is 
tkc  crusu  (compare  §  41 ).  The  upper  end  of  ibe  cloi,  where  there  are  few  corpascles,  shrinks 
Dore,  and  is  ihercfore  smaller  than  the  rest  of  the  clot.  This  upper,  lighter- coloreil  layer  is 
called  the  "  buffy  coat ;"  bm  it  gradually  passes,  lioih  in  siie  and  color,  into  the  normal  dark- 
colored  dot.  [S<:>mctinics  ilic  upper  surface  of  tb?  clot  is  concave  or  "  cupped."  The  older 
jifaysicians  attached  great  importance  to  thU  cooditJon,  and  al»o  fa  the  occurrence  of  the  bufTy 
coat.] 

Dcfibrinated  Blood. — If  freshly-shed  blood  be  beaten  or  whipped  with  a  glass 
rod,  or  with  a  bundle  of  twigs,  fibrin  is  deposited  on  the  rod  or  twigs  in  the  form 
at  a  solid,  fibrous,  yellowish-white,  elastic  mass,  and  the  blood  which  remains  is 
called  *' dejibrinated bhoiV  (p.  70).  [The  twigs  and  fibrin  must  be  washed  in  a 
stream  of  water  to  remove  adiiering  corpuscles.] 

Coagulation  of  Plasma. — Plasma  shows  phenomena  exactly  analogous,  save 
that  the  clot  is  not  so  well  marked,  owing  to  the  absence  of  the  resisting  corpus- 
cles ;  there  is,  however,  always  a  soft  trembling  jelly  formed  when  plasma  coagu- 
lates. [In  Hewson's  experiment  on  the  blood  of  a  horse  tied  in  a  vein,  he  found 
that  the  plasma  coagulated — fibrin  being  formed,  so  that  he  showed  coagulation 
10  be  due  to  changes  in  the  plasma  itself  (§  29).] 

Properties  of  Fibrin. — Although   the   fibrin   appears  voluminous,  it  only 

occurs  to  the  extent  of  0.2  per  cent.  (o. i  to  0.3  per  cent.)  in  the  blood.     The 

amount  varies  considerably  in  two  samples  of  the  same  blood.     It  is  insoluble  in 

I-       vater  and  ether  \  alcohol  shrivels  it  by  extracting  water ;  dilute  hydrochloric  acid 

^^   (0.1  per  cent.)  causes  it  to  swell  up  and  become  clear,  and  changes  it  intosyntonin 
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or  acid  albumin  (§  349.  IH).     When  fresh,  it  bos  a  grayish-yellow,  fibrous  appedr- 
ance,  and  is  elastic ;  when  dried,  it  is  horny,  transparent,  brittle,  and  friable. 

Whrn  fresh  tt  dissolves  in  6-S  per  cent,  solutions  of  sodium  nitraie  or  sulphnte,  in  dilute  alkalies,  1 
and  ID  anuiionia,  thus  forming  alknli-nUjiiniiiuilc.  Heat  does  not  coagolalc  ttiesc  solutions.  [It 
is  also  soluble  in,  or  rather  decomposed  by,  5-10  per  cent,  soluiions  of  neutral  sall<i.  /.a'  •  NaCI, 
yieldinR  tw<i  libro.globulms  iGr/fH).'\  Itydric  peroxide  is  rapidly  decomposed  by  fibiiii  into  water 
and  O  (  TA/Hani).  Filmn  which  liaji  heen  cxposeti  tn  the  air  for  a  long  time  is  no  longer  soluble 
in  solution  of  f>otassic  nitrate,  but  in  ocurin  {SfatUkner).  During  putreraciion  it  paaics  into  solu- 
ttrHi.albtiTnin  being  fdrined.  Fibrin  contains, entangled  in  it,  ferric, calcic,  sod  magneaic  phosphates, 
and  calcium  sulphate  whose  origin  is  oaltoown. 

Time  for  Coagulation. — The  fin4  apt>earance  of  a  cnaf^lum  occurs  in  man's  blood  after  5 
minutes  4$  seconds,  in  woman's  blood  after  z  min,  20  sec.  (//.  .Vasse).  Age  has  no  eRect;  with- 
drawal of  food  accelerates  Ccsigulalion  (//.  I'irroriit). 

28.  GENERAL  PHENOMENA  OF  COAGULATION.— I.  Blood 
in  direct  contact  v/ith  living  unaltered  blood  vessels  does  not  coagu- 
late. [Hcwson  (1772)  found  that  when  he  tied  the  jugular  vein  of  a  horse  in 
two  places,  and  excised  it,  the  blood  did  not  coagulate  for  a  long  time.]  BrUckc 
filled  the  heart  of  a  tortoise  with  blood  which  had  stood  15  minutes  exposed  to 
the  air  at  o'',  and  kept  it  in  a  moist  chamber;  at  0°  C.  the  bIood,was  still  unco- 
agulated  in  the  contracting  heart  after  eight  days.  Blood  in  a  contracting  frog's 
heart  preserved  undtrr  mercury  does  not  coagulate.  If  tht:  wall  of  the  vewt'l  be 
altered  by  pathological  processcs(f.^.,if  the  intiinabecotiics  rough  and  uneven, 
or  undergoes  inflamtnatory  change),  coagulation  is  apt  to  occur  at  these  places. 
13lood  rapidly  coagulates  in  a  dead  heart,  or  in  blood  vesi»els  (but  not  in  capillaries) 
or  other  canals  (f.g.,  the  ureter).  If  blood  stagnates  in  a  living  vessel,  coagu- 
lation begins  in  the  central  axis,  because  here  there  is  no  contact  with  the  wall  of 
the  living  blood  vessel.  I 

II.  Conditions  which  Hinder  or  Delay  Coagulation.— (/i)  The  addition 
of  small  quantities  of  alkaHes^  ammonia,  or  concenlraled  solutions  of  nrutral  sails 
of  the  atkaiies  and  earths  (alkaline  chlorides,  sulphates,  phosphates,  nitrates,  carbo- 
nates). Magnesic  sulphate  acts  most  favorably  in  delaying  coagulation  (i  vol. 
solution  of  28  per  cent,  to  3^j  vols,  blood  of  the  horse).  ■ 

(/•)  Precipitation  of  the  fibrino-plastin  by  adding  weak  acids,  or  CO,.  ' 

By  the  addition  of  aatU  acid  until  the  reaction  is  acid,  coagulation  i*  completely  airestcd.  A 
large  amount  of  (X),  delays  it,  hence  venous  blood  coagulates  more  slowly  than  arterial,  and  the 
blood  of  iufft^ated  persons  remains  fluid  for  the  same  reason. 

(r)  The  addition  of  eg^-alhumin^  syrup^  glycerine,  and  much  water.     If  unco-  J 
agulated  blood  be  brought  into  contact  with  a  lay^r  of  already-formed  fibrin, 
coagulation  occurs  later. 

{d)  By  cold  (0°  C.)  coagulation  may  be  delayed  for  one  hour.  If  blood  is'l 
frozen  at  once,  after  thawing  it  is  still  fluid,  and  then  coagulates  {Htwson),  \ 
When  shed  blood  is  under  high  pressure  it  coagulates  slowly. 

[e)  Blood  of  embryo  fmvls  does  not  co.igulate  before  the  twelfth  or  fourteenth  ' 
day  of  incubation  {Bolt)  \  that  of  the  hepatic  vein  very  slightly  ;  menstrua!  blooif\ 
shows  little  tendency  to  coagulate  when  alkaline  mucus  from  the  vagina  is  mixed 
with  it.     If  it  be  rapidly  discharged,  it  coagulates  in  masses.     Kretal  blood  at  the 
moment  of  birth  coagulates  soon.  ^ 

(/)  Bhwd  rich  in  fibrin  from  inflamed  parts  coagulates  slowly,  but  the  clot  so| 
formed  is  firm. 

(^» )  [Blood  coagulates  more  slowly  in  a  smooth  than  a  rough  vessel,  and  also  in 
a  shallow  vessel  than  in  a  deep  one.]  ^ 

Hsemophilia. — A  very  slight  scratch  in  some  persons  may  cause  very  free  bleeding.  These  ^1 
peT!inns  arc  called  colloquially  "  bleeders,"  and  arc  said  to  have  faeemopbUia  or  the  hemorrhagic 
diathesis.  In  "  bleetlers"  coagulation  seems  not  to  take  place,  owing  to  a  want  of  the  5ul>stQrices 
producing  fibrin;  hence,  in  these  cases,  wounds  of  vcmcIs  are  not  plugged  with  fibrin.  [A  tendency 
to  hemorrhage  occurs  in  scurvy,  purpura,  in  some  infectious  diseases,  such  as  typhus,  plague,  yellow 
fever,  and  in  poisoning  with  phoaphorua.3 
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Injection  of  Peptones.^Albcrtoni  observed   tbftt  if  tryptic  pnncreu  fennent  (dissolved  in 

lljlyceriric)  be  tnjccteJ  iuto  ihc  bIf»od  of  an  animal,  the  blood  does  not  coagulate.     Schmidt- MUIhcini 

found  that  after  the  injeciinn  oi furr  fie/>totu  into  the  blood  (0.5  gram  per  kilo.)  of  a  «iog,  the  blond 

1<:41  It?  power  of  coagulating.     [This  occurs  in  the  dog.  but  not  in  the  rabbit.     Peptonized  blood 

I  coft£ulalC!i  «ben  it  U  treated  with  CO^  or  water.     It  appcani,  howcvi-r,  that  it  is  nut  the  peptone 

'  Ji   prevents  the  coagulation,  hot  the  albumoscs  adhering  to  it  which  do  so.]     A  sub&tance  is 

j«d  in  tlic  pla&ma,  which   prevents  cuagulalir)n,  but    which   is   preci|iitalc<l    by  CO,.      Lymph 

■ves  similarly  {f^no).     Aficr  peptones  arc  injfcied.  (here  is  a  greni  soluiion  cf  leucocytes  in  ine 

H'tnod  {z'.  Samscn-Jfimnteistjerna).     The  sccreiiun  uf  tlic  aiuutb  uf  the  medicinal   teech  [nllhough 

.  ill  iwtioa  is  not  doe  to  a  fennent  {Haycra/t)']  and  snalte  poison  ako  prevent  coagulation  (  tt^a/7). 

{Umuaxic  fennenc  alto  prevents  copulation  {Sa/vMi).'\ 

III.  Coagulation  is  accelerated— (a)  By  contact  with  foreign  Sub- 
stances of  all  kinds,  but  only  when  the  blood  adheres  to  them,  hence,  threads 
or  needles  introduced  into  arteries  are  rapidly  covered  with  fibrin.  Blood  does 
hM  coagulate  in  contact  with  bodies  covered  with  fat  or  vaseline  (/'r^z/w*/).  Even 
the  introduction  of  air  bubbles  into  the  circulation  or  the  passage  of  indifferent 
gases,  N  or  H,  through  blood,  accelerates  it.  The  pathologically  altered  wall  of 
a  vessel  acts  like  a  foreign  body.     Blood  shed  from  an  artery  rapidly  coagulates 

on  the  walls  of  vts.sels,  on  the  surfaces  exposed  freely  to  air,  and  on  the  rods  or 

twigs  used  to  beat  it. 
(*i  The  products  of  the  retrogressive  metabolism  of  proteids  (uric  acid,  glycin, 

leticin,  taurin,  kreatin,  sarkin.but  not  urea)  favor  coagulation  by  increased  ferment 

formation  ;   but  if  they  are  added  in  excess,  they  retard  the  process. 

From*  watery  extract  of  the  testis  or  thymus,  on  the  addition  of  acetic  acid,  is  precipitated  a 
fubtiflce  which  is  soluhle  in  sodtr  carbonate.  It  is  a  mixture  of  lecithin  and  albumin,  and  when 
it  it  injected  into  the  blood  itreain  it  causes  almost  instantaneous  death  by  intravascular  coagulation 

Ic)  During  rapid  hemorrhage,  the  la.st  portions  of  blood  coagulate  most  rapidly 

id)  Heating  the  blood  from  39"  to  55**  C.  {ffewsoti). 

u)  Agitation  of  the  blood  {ffewson  amf  Hunter). 

[(f)  The  addition  of  a  small  quantity  of  water. 

(/}  A  utaiery  condition  of  the  blood.     The  clot  is  small  and  soft. 

Uj  Contact  with  oxygen.] 

IV.  Rapidity  of  Coagulation. — Among  vertebrates,  the  blood  of  birds 
'especially  of  the  pigeon  j  coagulates  almost  momentarily;  in  cold-blooded  animals 
coagulation  occurs  much  more  slowly,  while  mammals  stand  midway  between  the 
two. 

fTbe  blood  of  a  fowl  begins  to  coagulate  in  %  lo  i\i  minute;  pig,  sheep,  rabbit,  in  ^  to  i|i 
Dtnuie;  dog,  I  to  3  minutes;  horse  end  o)l,  5  (o  13  minutes;  man.  3  lo  4  minutes;  soUdificatinn 
a  completed  in  9  to  II  minutes  (A'ajj^).]  'the  hlood  of  invcrtebratf*,  which  is  usually  colorless 
»tei  a  is  oxidized  \\  32],  forms  a  soft,  whitish  clot  of  tibrin.  liven  in  lymph  tnd  <hyle^  a  small 
i  aft  dot  is  fanned. 

V.  When  coagulation  occurs,  the  aggregate  condition  of  the  fibrin  factors  is 
,  iltered,  so  thai  heat  must  be  set  free  ( Valrntiny  1844). 

VI.  In  blood  shed  from  an  artery,  the  degree  of  alkalinity  diminishes  from 
the  lime  of  its  l>eing  shed  until  coagulation  is  completed  {PJiui^er  ami  Zunfz). 
Thv>  is  probably  due  to  a  decomposition  in  the  blood,  whereby  an  acid  is  devel- 
oped, which  diminishes  the  alkalinity  (p.  72  ). 

VII.  During  coagulation  there  is  a  diminution  of  the  O  in  the  blood. 
Iklthoogh  a  similar  decrease  also  occurs  in  non-coagulated  blood.  Traces  of  am- 
\m0mia  arc  also  given  off,  which  Richardson  erroneously  supposed  to  be  the  cause 
[of  the  coagulation  of  the  blood. 

[TItb  b  refuted — (i)  by  the  fact  ihflt  blood,  when  collected  under  mercury  (whereby  no  escape 
^ff  UMBonU  is  passible),  also  coagulates;  and  [z)  by  the  following  experimeni  of  Lialer:  tie 
Ifbced  two  ligatures  on  a  vein  containing  blood,  moistening  onchalf  of  the  outer  surface  of  the 
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vein  with  ammonia,  leaving  the  other  half  intact.     The  blood  coagulated  in  the  first  half,  and 
in  the  other,  owing  to  the  properties  of  the  wall  of  the  vein  of  the  former  being  altered.     Neith 
the  decrease  of  O  nor  the  evolution  of  ammonia  seenu  to  have  any  causal  connection  with  ibc 
formntion  or  fibrin."] 

Pathological. — When  the  blood  coaguUtoi  within  the  veuels  during  life,  the  process  is  called 
thrombosis,  and  the  coagulum  or  plug  so  formed  is  termed  a  thrombus.  \Vhcn  a  clot  of  blood 
or  other  body  tx  carried  by  ihe  hlood  stream  to  another  part  of  the  v.iscular  system  where  it  blocks 
up  a  vessel,  the  plug  is  called  an  embolus,  and  the  result  embolism. 

29.   CAUSE   OF   THE   COAGULATION    OF   BLOOD.— [Hewson'a  Experimenti 
[1772,) — llewson  tied  the  Jugular  vein  of  a  hor^  between  Iwu  ligature^,  remuvcil  it,  and  ihen  kua* 
pended  it  by  one  en<l  (Fig.  31 ).     He  foiuid  that  the  blood  remained  fluid  lot 
Fiu.  ai.  a  long  time  (48  hours),  the  red  corpusclesi  sank  (KC)  ami  left  a  clear  layer  ot 

plasma  on  the  surface  (I').  On  drawing  off  some  of  this  clear  plasma  it  c» 
agulated,  thus  proving  coagulation  to  be  due  to  changes  in  the  plasma.  Lista 
repeated  this  expcrimenl,  and  found  that,  even  if  ibe  upper  end  of  the  tubi 
be  opened  and  the  blood  freely  exposed  to  the  air,  coaguJation  is  but  slightly 
liasicned.  He  showed  that  the  blood  might  l:ic  poured  from  one  vein  into 
another,  just  ns  one  might  pour  Ruid  from  one  test  tube  into  another.  In  thu 
case  there  were  two  tcM  tubes,  i.r.,  the  veins — and  although  ttic  blood,  o9 
being  poured  from  the  one  to  ihe  other,  came  into  contact  with  the  air,  it  did 
not  coagulate.  Hewson,  however,  found  that  blood  |H>ured  from  the  veil 
into  a  glo-vs  vessel  coagulated,  so  that,  in  hU  opinion,  the  blood  vessels  exerted 
a  restraining  influence  on  coagulation.  By  cooling  the  blood  attd  preventing  il 
from  coagulating,  he  proved  that  coaguLiliun  was  not  due  to  the  loas  of  beat 
Nor  could  it  be  a  vital  act,  as  sodic  sulphate  or  other  neutral  salt  prevented 
coagulation  indermiicty,  but  coagulation  took  place  when  the  blood  wii 
diluted  with  water.] 

[Buchanari's  Researches. — The  serous  sacs  of  the  body  contain  a  fluid 

which  in  some  respects  closely  resembles  lymph.      The  pericardial  fluid  ol 

Vein  of  horm  lied  be-    some  animals  Coagulates  spontaneously  [e.  ff.,  in  the  rabbit,  ox,  horse,  pnd 

'*%"l»rmf.      wT'    »^"l*)  '^  **•*  *'"'''  ^^  removed  immtdinttly  ofttr  .ieaih.     If  this  be  not  don< 

wfiite,  anil  R  C.  «</    lIU  ientrai  h<ntri  after  dtath  the  fluid  does  nut  coagulate  spontaneously.     Th4 

corputck*.  fluid  of  the  tunica   vaginalis  of  the  testis  sometimes  accumnK-ues   \n  a  ^ftai 

extent,  and  constitutes  hyiiro<eU,  but  this  fluid  shows  no  tendency  to  coagulate 

^spontaneously.     Andrew  Buchanan  found,  however,  that  if  to  ttic  fluid  of  ascites,  pleuritic  fluid,  CM 

hydrocele  fluid,  there  he  added  clear  blood  serum,  then   coagulation  takes  place,  i.  «.  two  fluids— 

Dcithei  of  which  shows  any  tendency  ^y  itidf  to  coagulate — form  a  clot  when  they  are  mivcil 

(iSjl).     He  also  found,  thai  if  *' wa.4h«d    blood   clot"  (which  conitiMs  of  a  mixture  of  fibrin  an^ 

colorless  corpuscles)  be  added  to  hydrocele  ^uid,  coagulation  occurred.     He  compared  the  acttoi 

of  washed  bipod  clot  to  the  action  of  rennet  in  coagulating  milk,  and  he  imapned  (he  agents  wAifi 

Jetcrmtned  the  (oa^iilafion  to  he  eolorUss  corprndei.     Thus,  the  butTy  coat  of  horses'  blood  is  1 

[towerful  agent,  and  it  contains  numerous  colorless  corpuscles.     He  ttiially  concluded  that  &om< 

constituent  in  the  plasma,  to  which   he  gave  the  name  of  a  "soluble  librin,"  is  acttd   upon  by  th« 

colorless  corpuscles  and  coiiverted  into  fibrin.     The  soluble  fibrin  of  Buchanan  is  comparable  to  the 

tibrinogen  in  Hammnrsten's  theory.     Buchanan,  however,  did  not  separate  the  substance.] 

[Denis's  Plasmine  (t859). — Denis  mixed  uncoagulated  i^lnod  with  a  saturated  solution  q 
•iodic  sulpliotc,  and  allowed  the  corpuscles  to  subside.  The  salted  plasma  thus  obtained  he  pcv 
cipiiated  with  sodic  chloride.  The  precipitate,  when  washed  with  a  saturated  solution  of  todii 
chloride,  he  called  plasmine.  If  plasmine  be  mixed  with  water,  il  coagulates  »punlaneoasl]r; 
resulting  in  the  formation  of  librin,  while  another  protcid  rcnLiins  in  solution.  According  10  the 
view  of  Denis,  fibrin  is  produced  by  the  splitting  up  of  plasmine  into  two  bodies — tibnn  and  % 
voluble  proteid.] 

[A.  Schmidt's  Researches  (i86t ). — This  observer  re-discovered  the  chief  (acts  already  knowl 
to  Buchanan,  vl?-..  that  some  fluids  which  do  not  coagulate  spontaneously,  clot  when  mixed  w~  ~ 
other  fluids  which  show  no  tendency  to  coagnlate  spontaneously,  ^.f.,  hydrocele  fluid  and  bl 
serum.  He  isolated  from  these  fluids  the  bodies  described  as  ftbrinogen  and  fibnno-plaMia. 
tiodies  so  obtained  were  not  pure,  but  Schmidt  supposed  that  the  formation  of  fibrin  was  due  to  tb 
interaction  of  these  two  proteids.  The  reason  hydrocele  fluid  does  not  coagulate,  he  says,  ia  thi 
it  contains  fibrinogen  and  no  fihrino  plastin,  while  blood  <erum  contains  the  latter,  but  not  th 
former.  Schmidt  afterwards  discovered  that  these  two  substances  may  be  present  in  a  fluid,  and  w 
coagulation  may  not  occur  {e.g.^  occasionally  in  hydrocele  fluid).  He  sup}»»ed,  therefore,  tbi 
blood  or  blood  serum  contained  some  other  constituent  necessary  for  coagulation.  This  he  aftei 
wards  isolnicd  in  an  impure  condition  and  called  _/fAr/«-_/>nw/'«/.] 

A.  Schmidt's  theory  is  that  fibrin  is  formed  by  the  coming  together  of 
proteid  substances  which  occur  dissolved  in  the  plasma,  viz. :     (i)  fibrinogen 
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*i.e.,  ihe  substance  which  yields  the  chief  mass  of  the  fibrin,  and  (2)  fibrino* 
plastic  substance  or  fibrino-plastin  (serum-globulin  or  paraglobulin,  §32).  In 
order  to  determine  the  coagulation  a  ferment  seems  to  be  necessary,  and  this  is 
supplied  by  (3)  the  fibrin-ferment. 

I.  Properties. — Fibrinogen  and  fibrino-plastin  belong  to  the  group  of  pro- 
teids  called  globulins,  i.e.,  they  are  insoluble  in  pure  wattrr,  but  are  soluble  in 
dilute  solutions  of  common  salt  (§  249).  and  are  not  distinguished  from  each 
other  by  well-marked  chemical  characters.     Still  they  differ,  as  follows:  — 

Fibrino-plastin  is  more  easily  precipitated  from  its  solutions  than  fibrinogen. 
It  is  more  readily  redissolved  when  once  it  is  precipitated.  It  forms  when  pre- 
cipiuiied  a  very  light  granular  powder. 

Fibrinogen  adheres  as  a  sticky  deposit  to  the  side  of  the  vessel.  It  coagulates 
at  ;6^  C. 

On  account  of  their  great  similarity,  both  substances  are  not  usually  prepared 
f(om  blood  plasma,  ///'nwci'c/i  is  prepared  from  serous  transudations  (pericardial, 
ibdominal,  or  pleuritic  fluid,  or  the  fluid  of  hydrocele),  which  contain  no  fibrino- 
pUstin.  Fibrino-plastin  is  most  readily  prepared  from  sentnt^  in  which  there  is 
siill  plenty  of  fibrino-plastin,  but  no  fibrinogen. 

i.  Preparation  of  Fibrino-plastin,  Scrum-globulin,  or  Paraglobulin. 
— \dl  Dilute  blood  serum  with  twelve  times  its  volume  uf  ice-cold  water,  and 
ali&ost  neutralize  it  with  acetic  acid  [add  4  drops  of  a  35  per  cent,  solution  of 
acciic  acid  to  every  120  c  c.  of  diluted  serum] ;  or  {h')  pass  a  stream  of  carbon 
dioxide  through  the  diluted  serum,  which  soon  becomes  turbid  ;  after  a  time  a  fine 
white  powder,  copious  and  granular,  is  precipitated. 

^[u>  Method  of  Hammarsten. — All  the  fibrino-pla.stin  in  serum  is  not  pre- 
npitated  either  by  adding  acetic  acid  or  by  C'O,.  Hammarsten  found,  however, 
rtil  u"  cr)*5tals  of  magnesium  sulphate  be  added  to  complete  saturation,  it  precipi- 
tites  the  whole  of  the  serum-globulin,  but  does  not  precipitate  serum-albumin  ; 
wum-globulin  is  more  abundant  than  serum-albumin  in  the  serum  of  the  ox  and 
hoRe,  while  in  man  and  the  rabbit  the  reverse  obtains;  (compare  §  32).] 

Scfamidt  foond  that  100  c.c.  of  (he  Mnim  of  ox  blood  yielded  0.7  to  0.8  grm.;  horse's  scmni, 
ajio  0.56  grm.  of  dry  fibrino- nlasti  11.  Fibrino-plastin  occurs  not  only  in  scium,  but  also  in  red 
WxA  corpuscle*,  in  llic  fluids  of  cnnncclive  its&ue,  and  in  ihe  juices  of  the  cornea. 

3.  Preparation  of  Fibrinogen. — This  is  best  prepared  from  hydrocele 
fluid,  although  it  may  also  be  obtained  from  the  fluids  of  serous  cavities,  e.g.^  the 
pirura,  pericardium,  or  peritoneum.  It  does  not  exist  in  blood  serum,  although 
It  does  exist  in  blood  plasma,  lymph,  and  chyle,  from  which  it  may  be  obtained 
by  a  stream  of  CO,,  after  the  paraglobulin  is  precipitated,  {ay  Dilute  hydrocele 
Itind  writh  ten  to  fifteen  times  its  volume  of  water,  and  pass  a  stream  of  CO,  through 
it  for  a  longtime.  (^)  Add  powdered  common  salt  to  saturation  to  a  serous  trans- 
wUlion,  when  a  sticky,  glutinous  (not  very  abundant)  precipitate  of  fibrinogen  is 
[oSrtained. 

[Hftfflountcn  and  Eichwald  find  that,  although  paraglobulin  and  fibrinogen  are  solubte  In  solu* 
[ttMsof  common  mU  {containing  5  to  8  per  cent,  of  the  «ilt),  a  saline  solulioti  of  12  lo  16  per 
L  u  required   to  precipitate  the   fibrinogen,  leaving  still  in  solution  paraglobulin,  which  is  nal 
||*Bdpitaicd  unlil  the  amount  of  &alt  exceeds  20  per  cent.] 

Propct^ics  of  the  Fibrin  Factors,— They  are  insoluble  in  pure  water,  but 
dasolve  in  water  containing  O  in  solution.  Both  arc  soluble  in  very  dilute 
alkalies,  e.  jf.,  caustic  soda,  and  are  precipitated  from  this  solution  by  COj.  They 
are  soluble  in  dilute  common  salt— like  all  globulins — but  if  a  curtain  amount  of 
rommon  salt  be  added  in  excess,  they  are  precipitated.  Very  dilute  hydrochloric 
■cid  dissolves  them,  but  after  several  hours  they  become  changed  into  a  body 
nxsobling  syntonin  or  acid  albumin  (§  349,  III.).  Fibrinogen  held  in  solution 
^  common  sail  coagulates  at  52"  to  55°  C.     [Fredericq  finds  that  fibrinogen 
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exists  as  such  in  the  plasma ;  it  coagulates  at  56°  C,  and  the  plasma  thereafter 
uncoagtilable.] 

4.  Preparation  of  the  Fibrin-Ferment. — (a)  Mix  blood  serum  Tox)  vrl 
twenty  limes  its  volume  of  strong  alcohol,  and  alter  one  month  filter  off  the 
deposit  thereby  produced.  The  deposit  on  the  filter  consists  of  coagulated  insolu- 
ble albumin  and  the  ferment ;  dry  it  carefully  over  sulphuric  acid,  and  reduce  to 
a  powder.  Triturate  1  gram  of  the  powder  with  65  c.c.  of  water  for  ten  minutes, 
and  filter.  The  ferment  is  dissolved  by  the  water,  and  passes  through  the  filter, 
while  the  coagulated  albumin  remains  behind  {SihmiM). 

[(^)  Gamgee's  Method. — Ruclmnan's  "  wA&hed  blouil  clot"  (p.  74)  is  digested  in  an   8 
cent,  solution  of  coiiimori  tall.     The  solution  so  obtained  possesses  in  on  intense  degree  the  proper- 
ties of  Schmidt's  Bbnn- ferment.] 

In  the  prepanilion  of  lihrino-pUstin,  the  ferment  is  carried  down  with  it  mechanically.  The 
fcrmcnl  -sccnis  to  be  formed  first  iu  fluiiis  outride  the  body,  very  probably  by  the  wlution  of  the 
coloilciis  corpiuclcs.  More  ferment  is  formed  in  the  blood  the  longer  the  inlcrvn)  between  its  being 
shed  and  its  coagulation.  It  is  destroyed  at  70"  C.  Uloorl  flowing  directly  from  on  ortcrr  into 
alcohol  contains  no  ferment.  It  is  also  formed  in  other  protoplasmic  parts  ( RautckeHhaeh ),  t.  g.,  in 
dead  muscle,  brain,  suprarenal  capsule,  spermatozoa,  testicle  {F»a  nnJ  PttlaatHi),  and  in  vegetable 
micro  organisms  [r  g.,  yeast]  and  protozoa  { Gro/tmatm)  [so  that  it  would  seem  lo  be  a  general 
product  of  protoplasm.  .\i  the  ferment  does  nut  pre-exist  in  colorless  blood  corpo-ictes,  it  tecmi 
to  be  formed  from  some  mother  substance  in  them,  the  blood  plasma  itself  decomposing  this  sub- 
nance.  ] 

Coagulation  Experiments. — According  to  A.  Schmidt,  if  pure  solutions  of 
(1)  fibrinogen,  (2)  ftbrino-plastin,  and  (3)  fibrin-ferment  be  mixed,  fibrin  is 
formed.  The  process  goes  on  best  at  the  temperature  of  the  body ;  it  is  deUyed 
at  0°  ;  and  the  ferment  is  destroyed  at  the  boiling  point.  The  presence  of  O 
seems  necessary  for  coagulation.  The  amount  of  the  ferment  appears  to  be  imma- 
terial ;  large  quantities  produce  more  rapid  coagulation,  but  the  amount  of  5brin 
formed  is  not  greater. 

[Foa  and  Tellacaoi  lind  that  a  tiltcrcd  watery  extract  of  fresh  brain,  capsule  of  the  kidneys,  testes, 
and  some  other  tissues,  wlien  injected  into  the  blood  ve.'utels  of  a  rabbit,  causes  coagtilmion  of  the 
blood  in  the  pulmonary  circulation  and  the  heart,  death  being  caused  by  the  action  of  a  sul^aiice 
identical  with  the  fibrin-ferment] 

The  amount  of  salts  present  has  m  reiuark&ble  relation  to  coagulation.  Solu- 
tions of  the  fibrin  factors  deprived  of  salts,  and  redissolved  in  very  dilute  caustic 
soda,  when  mixed,  do  not  coagulate  until  sufficient  NaCt  be  added  to  make  a  i 
per  cent,  solution  of  this  salt  {SchiniM).  [Green  finds  that  calcium  sulphate 
brings  about  coagulation  in  plasma  which  shows  little  or  no  tendency  to  clot, 
while  coagulation  in  its  absence  is  almost  or  quite  prevented.] 

When  blood  or  blood  plasma  coagulates,  alt  the  fibrinogen  is  used  up,  so  that 
the  serum  contains  only  fibrino-plastin  and  fibrin-ferment ;  hence,  the  addition  of 
hydrocele  fluid  (which  contains  fibrinogen)  to  serum  causes  coagulation. 

[Hammarsten's  Theory. — Hammarsten's  researches  led  him  to  believe  that 
fibrino-plastin  is  quite  unnecessary  for  coagulation.  According  to  him,  fibrin  is 
formed  from  om  body,  s\z.^  fibrinogen,  which  is  present  in  pla.sma  whpn  it  is  acted 
upon  by  \\\t fibrin-ferment :  the  latter,  however,  has  not  been  obtained  in  a  pure 
state.  Neither  he  nor  Schmidt  asserts  that  this  body  is  of  the  nature  of  a  ferment, 
although  they  use  the  term  for  convenience.  It  is  quite  certain  that  fibrin  may 
be  formed  when  no  fibrino-plastin  is  present,  coagulation  being  caused  by  the 
addition  of  calcic  chloride  or  casein  prepared  in  a  special  way.  But,  whether  one 
or  two  proteids  be  required,  in  all  cases  it  is  clear  that  a  certain  quantity  of  salts, 
especially  of  MaCI,  is  neces.*«iry,] 

[The  main  drift  of  the  foregoing  evidence  points  to  the  presence  of  one  proteid 
— fibrint>gen — in  the  plasma,  which  under  certain  circumstances  yields  fibrin.  In 
shed  blood  this  act  seems  to  be  determined  by  a  ferment,  perhaps  derived  from 
the  disintegration  of  colorless  corpuscles.] 
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[Theory  of  Woaldridge. — Wooldridge  attributes  great  importance  lo  lecithin.     In  stied  blood 

lth<  coaj^ulnliun  is  l>roU};ht  ahout  hy  the  interaction  of  the  plasma   and   ihe   cohtrleis  corpuscles.     If 

Lleciihiti  (which  is  present  in  coiisideral>le  amount  in  tlie  colorlciis  corpi\^clc$)  diffuses  into  the  blood, 

Icoa^lalion  taltes  platf;.     When  pvptnne  is  injected   into  the  bluud   of  llie  ilog,  the  blood  does  nut 

tbt»  is  due,  according  lo  Wooldridge,  to  the  i>eplone  *'  preventing  the  interaction  of  leucocytes 

IpJunuu"     If,  howe\'er,  the  corjxiscular  elements  are  removed  by  the  cenirifugnl  machine,  the 

Mvne  pUsma  can  lie  made  to  clot,     lie  nUo  believes  that  ribrin-remient  does  not  pre-exiM  in 

al  plasma,  but  that  "  it  may  make  its  appearance  in  thai  plasma   in  the  absence  uf  all  cellular 

eftcnents,  am]  muM  therefore  come  from  some  constituent  or  constituents  of  the  plasma  itself."] 

30.  SOURCE  OF  THE  FIBRIN  FACTORS.— Al.  Schmidt  maintains 

[that  nil  the  three  substances  out  of  which  fibrin   is  said  to  be  formed,  arise  from 

the  breaking  up  of  colorless  blood  corpnscles.  In  the  blood  of  man  and  mammals, 

tifibhnogen  exists  dissolved  in  (he  circulating  blood  as  a  dissolution  product  of  the 

Iretrogressive  changes  of  the  white  corpuscles.     Plasma  contains  dissolved  fibrino- 

[gen  and  serum*albumin.     The  circulating  blood  is  very  rich  in  colorless  blood 

[corpuscles,  much   richer,  indeed,  than  was  formerly  supposed.     As  soon  as  blood 

[is  shed  from  an  artery,  enormous  numbers  of  the  colorless  corpuscles  arc  dissolved 

I — according  to  AI.  Schmidt  71,7   per  cent,    (horse).     First  the  body  of  the  cell 

[disappears,  and  then  the  nucleus.     The  products  of  their  dissolution  are  dissolved 

in  the  plasma,  and  one  of  these  products  Ksfibrinoplaslin.     At  the  same  time  the 

fibrin-ferment   is  also  produced,  so   that  it  would  seem  not   to  exist  in  the  intact 

blood  corpuscles.     Fibrino  plastin  and  fibrin-ferment  are  also  produced   by  the 

*^  transition  forms*'  of  blood  corpuscles,  /'.  ^.,  those  forms  which  are  inlermediate 

between  the  red  and  the  white  corpuscles.     They  seem  to  break  up  immediately 

after  blood   is  shed.     The  blood  plates  Cp.  57)  are  also  probably  sources  of  these 

^bstances. 

In  smphiliian^  and  birds  the  r,'d  nucleated  corpuscles  rapidly  break  up  after  blooti  is  shed,  and 
field  the  substance  or  &ut»tances  vtbich  form  6hrin.  A  I.  Schmidt  convinced  himself  that  in  these 
inintls  fibrinogen  is  originally  a  constituent  of  the  blood  corpuscles. 

It  is  clear,  therefore,  according  lo  Schmidt's  view,  that  as  soon  as  the  blood 
corpuscles,  white  or  red,  are  dissolved,  the  fibrin  factors  pass  into  solution,  and 
tf»e  formation  of  fibrin  by  the  interaction  of  the  three  substances  will  ensue. 

If  a  targe  number  of  leucocytes  be  introduced  into  the  circulation  of  an  animal, 
tfte  leucocytes  are  dissolved  in  great  numbers  in  the  blood,  so  that  death  takes 
ptice  by  diflTuse  coagulation.  Should  the  animal  survive  the  immediate  danger 
of  death,  the  blood,  owing  to  the  want  of  leucocytes,  is  completely  incapable  of 
CQAgulating  {Groth). 

[Aad.  Hochanan  thought  that  the  potential  element  of  his  "  washed  blood  clot"  resided  in  the 
colcrless  corpuscles,  "  primary  cells  or  vesicles."  He,  like  Schmidt,  found  thai  the  bufljr  coat  of 
bones'  blood,  which  is  very  rich  in  while  corpuscles,  produced  coa(ralaiton  rapidly,  iluchuian  com* 
ptfed  the  iction  of  his  washed  clot  to  that  of  rennet  in  coagulating  milk.] 

Pathological. — Al.  Schmidt  and  his  pupils  hnvc  shown  that  some  icrmcnl,  probably  derived 
Irmu  (he  di^Mlution  of  colorleu  corpuscles,  is  found  in  circuLtling  blood,  and  that  it  is  more  abund- 
M  in  venous  than  in  arterial  blood.  M-hile  it  is  most  abundant  in  she<)  blood,  tt  is  .specialty 
nnukable  thai  in  iff^i,  frftr  the  anwuiit  of  ferment  in  blood  may  increa^  to  such  an  extent  as  to 
HI  the  occurrence  ui  spontaneous  coagulation  (thrombosis),  which  may  even  produce  death 
Koklir).  In  febrile  cases  generally,  the  amount  of  ferment  is  somewhat  more  abundant 
"vry  auii  Birk).  After  iht:  injection  of  ichor  into  the  blood  an  enormous  number  of  colorless 
<lcs  axe  ditsolved  \F.  Iloffmiinn).  The  injection  of  peptone,  Hb,  and  lo  a  lew  d^ree  of 
1  water,  is  followed  by  diuolulion  of  numerous  leucocytes, 
rre  arc  changes  in  the  blood,  constituting  true  blood  diseases,  in  which  the  phyuological 
BcuMism  of  ihe  colorless  corpuscles  is  enormously  increased,  so  ihat  the  metabolic  protiucts 
«CcaiBofate  in  the  blood  {AUx.  Schmi,//).  The  result  of  this  is  sgxintaneous  coagulation  within  the 
oroililory  sjpsKem,  and  death  even  may  occur;  there  iit  always  an  increase  of  temperature.  After 
vA  I  condition,  the  coagulability  of  the  blood  is  diminished. 

.31.  FORMATION  OP  FIBRIN— After  several  observers  had  shown  that  the  red  blood  cor- 
i,  hontc,  frog)  participate  in  the  production  of  fibrin,  Landois  observed,  in  1S74,  under 
Dpe.  ttiat  the  ttromaia  of  the  red  blood  corpuscles  of  mammals  passed  into  ^bnn.     If  a 
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drop  of  deSbrinated  rabbit's  blood  be  placed  in  serum  of  fmg's  blood,  whiiout  mixtng  tliero,  i  _ 
red  corpusclfs  can  l»c  seen  collecting  rogettier;  ihcir  surfices  are  Micky,  «nd  they  can  only  be 
separated  by  a  certain  pressure  on  the  cover-glass,  whereby  some  of  the  now  spherical  coipusclet 
are  drawn  out  into  ilireada.  The  corpuaclcft  soon  become  feplicrical.  and  those  at  the  mari^in 
allow  the  hnrmoglobin  to  escape,  the  decotorizaiion  progresses,  from  the  margin  inward,  until  at 
last  there  remain  maij^es  of  stroma  adhering  together.  The  stroma  substaoce  is  very  tticlcy,  but 
soon  the  cell  contours  disappear,  and  the  stromata  adhere  and  form  line  hbres.  Thus  (according 
to  Landois)  the  formation  of  tibrin  from  red  blood  corpuscles  can  \ie  traced  step  by  step.  Tbe  r«^^ 
corpuscles  of  man  and  animals,  when  dissolvccl  in  the  serum  of  other  aoimals,  show  much  Ul^^| 
same  phenomena.  ^^| 

Stroma-Fibrin  and  Plasma-Fibrin. — I^ndoi&  calls  librin  [ormcd  direct  firom  stroma,  tiroma' 
fibrin ,  fibrin  formed  in  the  usual  way  pUfsmn-fibrin.  The  stroma  fibrin  is  closely  related  chenit 
cally  to  stroma  ii&cir;  as  yL-t,  however,  the  two  kinds  of  fibrin  have  not  been  sharply  di.Min^ui»hed 
cbcmicnlly.  Substance*  which  rapidly  dissulvc  red  corpuscles  cause  cxtenitivc  cnagulation,  c.  ;-., 
injection  of  bite  or  bile  salts,  or  lake-colored  blood,  into  arteries.  .After  the  injection  of  foreign 
blood  the  newly-injected  blood  often  breaks  up  in  the  blood  vessels  of  the  recipient,  while  the  finer 
vessels  are  frequently  found  plugged  with  small  thrombi  {\  102). 

Coagulable  Fluids. — With  regard  to  coagtilabtlity,  fluids  containing  proteids 
may  be  classified  thus  : — 


(i)  Those  that  €^\^hU  jf^ntantously,  i.  f.,  blood.  lymph,  chyle. 


Those  capitftU  0/  eoagulaling,  e.  ^•.,  (iuids  secreted  pathologically  in  serous  ca«-tties ;  for 
example,  hydrocele  fiuid,  which,  as  usually  containing  fibrinogen  only,  does  nut  coagulate  spontane- 
ously, but  it  coagulates  on  the  addition  of  fibrino-plastin  and  ferment  (or  of  blood  scrum  in  which 
both  occur). 

(3)  Those  which  tio  not  coogulale^t.  i^.^mWV.  or  seminal  fluid,  which  do  not  seem  to  contain 
fibrinogen. 

3a.  CHEMICAL  COMPOSITION  OF   PLASMA  AND  SERUM. 

—  I.  Proteids  occur  to  the  amount  of  8  to  10  per  cent,  in  the  pl.isma.  Only 
0.2  per  cent,  of  these  go  to  form  fibrin.  After  the  formation  of  the  fibrin  the 
plastna  is  converted  into  serum.  The  sp.  ^r.  of  htiman  serum  is  1027  to  1029. 
It  contains  several  proteids.  [According  to  Haramarsten,  human  serum  contains 
9.207  percent,  of  solids, — of  these,  3.103  ^serum-globulin,  and  4.5i6  =  senira- 
albumin,  /.  t.,  in  the  ratio  of  i  :  1.511.  In  horse  serum  the  proportion  is  4.5  :  2.6, 
in  ox  scrum  4.16  :  3.29,  and  rabbit  serum  6.22  :  1.78.  The  total  amount  of  pro- 
teids in  blood  seems  to  be  much  more  constant  than  are  the  relative  proportions 
of  scrum-albumin  and  scrum-globulin  (.Vfl/?'/W/).] 

{a)  Serum-globulin  or  Paraglobulin  (2  to  4  per  cent.).  If  crystals  of 
magnesium  sulphate  be  added  to  saturation  to  serum  at  35**  C,  serum-globulin 
is  precipitated,  but  not  serum-albumin.  It  is  soluble  in  10  per  cent,  solution  of 
common  salt,  and  coagulates  at  69-75"  *-■•  ^^^^  specific  rotatory  power  is  —  47.8* 
i^Fredericq). 

[Serum-globulin  was  described  by  I'anum  under  the  name  of  "  &erum-ca&ein  "  ;  by  .M.  Schmidt, 
as  "fibrino-plastic  substance  ";  and  by  KUhne,  as  "  paraglobulin."]  During  hunger  the  globulin 
increases  ami  the  allmmin  diminishes. 

(/i)  Scrum-albumin  (3-4  per  cent.).  Its  solutions  begin  to  be  turbid  at 
60**  C,  and  coagulation  occurs  at  73°  C,  the  fluid  becoming  slightly  more  alka- 
line at  the  same  time.  If  sodium  chloride  l>c  cautiously  added  to  serum,  the 
coagulating  temperature  may  be  lowered  to  50**  C.  Its  specific  rotatory  power  is 
from  —  6?.6  1064.5°  (.Sy<;//tc).  It  is  changed  into  syntonin  or  acid  albumin  by  the 
action  of  dilute  HCl,  and  by  dilute  alkalies  into  alkali-albuminate. 

Seram-albumin  is  absent  from  the  blood  of  aiarvitv  snakes;  and  reappears  after  iher  are  fed 

(7T<;W1. 

[Serum-Albumin  v.  Egg-Albumin^-Although  serum-albumin  is  closely  related  to  e^- 
albumin  they  ililTer — (.i)  as  regards  their  action  upon  polarined  light;  (*)  the  precipitate  (iro- 
duced  by  adding  IICI  or  UNO,  is  readily  soluble  in  4  c.c.  of  the  reagent  in  tbe  case  of  serum- 
albomin,  while  the  precipitate  in  egg-albumin  is  diswilved  with  very  great  difficulty;  (1)  e^^- 
albumin,  injected  into  the  veins,  is  excrete<l  in  the  urine  as  a  foreign  body,  while  seruiu-albu- 
minis  not;  (1/)  scrum-albumin  is  not  coagulated  by  ether,  while  egg-albumin  is,  if  the  solution 
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Dot  dkftlioc  1$  249).    Scrtun-alhumin  has  never  been  obuincd  free  froiii  <^u>,  even  n-bcn  il  b 
|0ul;«ed  for  a  »cry  long  timc.1 

After  ajl  the   wram  globulin  in  serum  »  preci{ntated  by  magnesium  sulphate,  scnim -albumin 
'lit  remains  in  Kolulton.     If  rhi&  solution  %<•  heated  Id  40  or  50^  C.  a  copious  precipitate  of  noii- 
alAlcti  serum-ilhumin  i&  obtained,  which  is  sfjlublc  in  water.     If  the  scnimaltiumin  be  liltcred 
ihc  tlaid.and  if  the  clear  fluid  be  liealcd  to  over  60°  C,  Fridfiricq  found  that  it  becomes 
tutiid   from  the  precipitation  of  oilier  protcids ;    llic   amount  of  these  other  bodte!i,   however,  i& 

P  [Proteids  of  the  Serum.— Halliburton  has  shown  by  the  method  of  "  frac- 
tional heat  coagulation  '*  (/',  e.,  ascertaining  the  temperature  at  which  a  pro- 
rr-id  ii  coagulated,  filtering  the  fluid  and  again  heating  the  filtrate  to  a  higher 
temperature),  that  from  the  same  fluid  perhaps  two  or  more  protcids,  all  with 
difl'crent  temperatures  of  coagulation,  may  be  obtained.  Care  must  be  taken  to 
keep  the  reaction  constant.  He  finds  that  serum-globulin  coagulates  at  75°  C, 
while  serum-aibumin  in  reality  consists  of  three  proteids,  which  coagulate  at 
different  temperatures ;  (a)  at  73**,  </5)  at  77*.  and  (7-)  at  84"  C] 

[Precipitation  by  Salts. — Sulphate  of  ms^inesia  not  only  precipitates  serumglobuUn  but 
alio  fibnrtogcn.  The  fluid  must  be  shaken  fur  several  hours  to  get  complete  &aturatiun.  Sodic 
Hilpliaie,  when  added  lo  setum  deprived  of  its  globulin  by  MgSO^,  precipitates  serum  albumin, 
but  it  produces  no  precipitate  with  pure  serum.  In  this  way  scrum-albumin  may  Iw  oblained 
in  a  pure,  uncoagulaled,  and  still  soluble  condition.  Serum -globulin  is  thrown  down  by  sodic 
nitnue.  acetate,  or  cartwnate;  while  a//  the  proteids  of  the  serum  are  ]>recipitate<i  by  potauic 
acetate  or  phosphate,  and  the  same  result  is  brought  about  by  adding  two  salts,  f.^'-,  MfiSO, 
and  Na^SOf  (in  this  cose  sodio-magnesic  sulphate  is  formed);  Mf;S<^,  and  NaNO, ;  Mg.SO^  and 
Kt;  NaCl  and  NajSO^.  After  icrum-globulin  is  thrown  down  by  MgSO,,  the  aridition  of 
MgSC*^  and  Na,S<~>^  or  the  douhle-satt,  prccipitnleR  the  serum-albumin,  wjiich  is  still  soluble  in 
vuer.  Ai  tulphfttc  of  ammonia  precipitates  all  the  protcids  except  peptones,  it  may  be  u.ict] 
il/aJ/iAurffft/}.] 

[The  plasma  of  Invertebrata  (decapod  crustnceani,  some  gasteropods,  cephalopods,  etc.)  clots 
like  vertclviiie  bloixl,  and  contains  fibrinogen,  but.  in  addition,  there  is  found  in  it  a  substance 
oomapoading  to  h.Tmoglobin,  and  called  by  Frtd^ricj,  hsemocyanin.  It  exists  like  lib  in 
tWDCondilions,  one  reduced  and  the  other  oxy-hxmocyanin,  the  furmer  being  colorless,  the  latter 
Uoe.  In  its  general  characters  il  resembles  lib,  although  it  contains  t-f)//^'- instead  of  iron,  and 
pres  no  absorption. haiiLis  \  Halliburioti').  In  the  blood  of  some  decapod  crustaceans  there  is  a 
reddish  pigment,  tetronerythrin,  which  is  identical  with  th&.I  in  the  cxoskclcton  and  hypodertn. 
Il  belongs  to  the  group  of  lipochromes,  like  M>nie  of  the  pigments  of  the  retina.  Tlie  hLvmocyajiin 
il  respiratory  in  function,  and  it  is  remarkable  that  it  is  contained  in  the  plasma,  and  not  in  the 
(trmed  elements  like  the  lib  of  vertebrates.  So  that,  stated  broadly,  in  these  invertebrates  the 
{iuma  is  Ixiih  nutritive  and  rcspiralury  in  its  functions,  while  in  vertebrates  the  red  blood  cor- 
jocks  chiefly  are  respiratory  and  the  plasma  nutritive.] 

II,  Pats  (o.i  to  0.2  i>er  cent.).— Neutral  fats  (tristearin,  tripalmitin,  trio- 
lein) occur  in  the  blood  in  the  form  of  small  microscopic  granules^  which,  after  a 
tneat  rich  in  fat  (or  milk)  render  the  serum  quite  milky. 

[The  amonnl  of  fat  in  the  serum  of  fasting  animats  is  about  0.2  per  cent. ;  during  digestion 
IM  to  0.6  i)er  cent.;  and  in  dogs  fed  on  a  diet  rich  in  fat  11  may  be  1.25  per  cent.  There  arc 
tlw  mlnate  traces  of  fatty  acids  (succinic).  R6hrig  showed  that  soluble  soaps,  i.  e.,  alkaline 
•la  of  the  fatly  acids,  cannot  exist  in  the  blood.  Cholesterin  may  be  considered  alon)^  with  the 
hta  It  occurs  in  considerable  amount  in  nerve  ii<> sues,  and,  like  fats,  is  extracted  by  ether  from 
ftedry  reiidne  of  binod  scrum.  Hop[>e-Seyler  found  0.019  't*o.3l4  jxrr  cent,  in  the  icruiii  of  the 
UMd  of  fattened  geese.  There  is  no  fat  in  the  red  blood  corpuscles.  Lecithin  [its  decomposi- 
^  products,  glycerin -phosphoric  acid  and  prolagoiij  occur  in  serum  and  also  in  the  blood 
wpncJes.] 

HI.  Traces  of  Grape  Sugar  [o.i  to  o.  15  per  cent,  (more  in  the  hepatic  vein, 
0.»3  percent.)]  derived  from  the  liver  and  muscles,  and  increased  after  hemor- 
^^^  (§  175)  >  ^ome  glycogen,  and  another  reducing  fermentative  substance  also 
increased  by  hemorrhage. 

The  amouni  of  grape  sU|^r  in  the  blood  increases  with  the  absorption  of  sugar  from  the 
JMcabue,  und  this  increase  is  most  obvious  in  the  blood  of  the  portal  and  hejiaiic  veins;  there 
1*  aho  a  slight  increase  in  the  anenal  blood,  but  there  it  is  rapidly  changed.  The  presence  of 
•Bjar  ta  ascertatncd  by  coapilating  blood  by  boiling  it  with  5o<lium  sulphate,  pressing  out   the 
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fluid  and  testing  it  for  sagar  with  Kehlitig's  solution  (£7.  Bernard).     Favy  coagulates  the  blood  vit] 
alcohol. 

IV.  Extractives. — Kreatin,  urea  (0.016  per  cent.,  increased  after  nitrogenotj 
fond^,  succinic  acid,  and  uric  acid  (more  abundant  in  gouty  ronditionsj,  gtiantn 
(?),  carbamic  acid,  sarcolactic  acid  ;  all  occur  in  very  small  amounts. 

V.  Salts  (0.S5  per  cent. ),  especially /('///>  «:AA'r///r  (0.5  per  cent.)  and  soMf 
tatbonate.  [It  is  most  ini]X)rtant  to  note  that  the  soda  salts  are  far  more  abundant 
in  the  &erum  than  the  potassium  salts.  The  ratio  maybe  as  high  as  10:  1.] 
Animal  diet  increases  the  amount  of  salts,  vegetable  food  diminishes  it  tempo- 
rarily. 


Salts  in  haman  hlood  senun  {Heppe-StylKr). 
Sodic  Chloride,   ....  4.92  per  1000 

■'        Sulphate 0.44       " 

"       Carbonate 0.21        " 


Sodtc  Phosphate.  .   .   .     0.15  per  1000 

Calcic  I'hf 

Magnesic 


Calcic  Phosphate,  .   .    .  1  _  ., 


If  lai^e  quandties  of  salts  are  introduced  into  the  blood,  they  almost  entirely  disappear  from  the 
blood  stream  within  a  few  minutes,  chiefly  by  diffusion  into  the  tissues.  They  are  gradually  elimi- 
nated by  ihc  kidneys.     The  same  is  true  of  sugar  and  peptones  {Ludwig  and  Kticffivin). 

VI.  Water  about  90  per  cent. 
VII.  .^  yellow  pigmcnt- 

The  pigment  may  be  extracted  with  metbylic  alcohol.  It  shows  two  absorption- bands  of  a  lipo- 
chrome  like  hitein  ( h'rukfnhfr^),  Thuflichum  regards  the  pigment  of  the  serum  as  lutein  \  Maly, 
Dii  hydrobilirubin ;  and  MacMuiui  as  choletclin. 

33.  THE  OASES  OP  THE  BLOOD.— Absorption  by  Solid  Bodies.— A  considerable 
attraction  exists  between  the  )urti<;1e<i  of  solid  porous  bodies  and  gases,  wherel>y  the  latter  ore 
attracted  and  condensed  within  the  pores  of  solid  bodies,  i.  ?.,  the  gases  arc  abiorb<d.  Thus,  i  vol- 
ume of  boxwood  charcoal  (at  12**  C  and  ordinary  barometric  pressure)  al>sorba  35  volumes  CO,,  9.4 
vol.  O,  7.5  vol.  N,  1.75  vol.  II.  y/c(i/ IS  always  foniied  when  gases  are  absorbed,  and  the  amount  of 
heal  evolved  t>cars  a  relation  to  the  enci^  with  which  the  absor]>lion  takes  place.  Non-pomus 
bodies  arc  similarly  invested  by  a  layer  of  condensed  g.ises  on  thtir  turf,ice. 

By  Fluids. — I'luidi  can  sJso  absorb  gases.  A  knmi}n  (Quantity  of  fluid  at  different  prtnurei 
always  abwrb*  the  fame  vnlume  of  gas.  Whether  the  pressure  l)e  great  or  small,  the  volume  of  the 
gas  absorbed  is  equoJlygreat  (  li'.  J/eNry),  Hut  according  to  Uoyle  1 1662}  and  Mariotte's  law  ( I679) 
on  the  compression  of  gases,  when  the  pressure  within  the  same  volume  of  gas  is  increasrd,  the 
voiume  varies  inversely  as  the  pressure.  Hence  It  follows  that,  whh  varying  pressure,  the  volume 
of  gas  at>aorl>ed  remains  the  same,  hut  the  quantity  of  gas  {weight')  is  directly  proportional  to  tAe 
pressure.  If  the  pressure  ^^  o,  the  weight  of  the  gas  absorbed  must  also  ^  o.  As  a  necessary 
result  of  this,  we  see  that  ( I  \  fluids  eon  be  freed  of  their  absorbed  gases  in  a  vacuum  under  an  air* 
pump. 

Coefficient  of  Absorption  means  the  volume  of  a  gas  (o"  C.)  which  is  absorbed  by  a  unit  of 
volume  of  a  liquid  (at  760  mm.  Ilg)  at  a  given  temperature.  The  volume  of  a  gas  alMorbcd,  and 
therefore  the  coefficient  of  al>sorption,  is  quite  independent  of  the  pressure,  while  the  -weight  of  the 
gas  \\  proportional  to  it.  Temperature  has  an  important  influence  on  the  coefficient  of  absorption. 
With  a  low  temperature  it  is  greatest;  it  diminishes .^«  the  temperature  increases;  and  at  the  t^ilittj; 
point  \\  =  O.  Hence,  it  follows  that  (2)  nh»rhed  gaas  mny  be  expelled  from  fluids  simp/y  by 
cautiui;  /he  fluids  to  boil.  The  coefficient  of  absorption  diminishes  for  different  fluids  and  gase*, 
with  increasing;  temperature,  tn  a  special,  and  hy  no  means  uniform,  manner,  which  must  t>e  deter- 
mmed  empirically  for  each  liquid  and  gas.  Thus  the  coefhcient  »f  absorption  for  CO,  in  water 
diminishes  with  aa  increasing  temperature,  while  that  for  II  in  water  remains  unchanged  between  0^ 
and  30°  C. 

Difrusion  of  Oases. — Ga^es  which  do  not  enter  into  chemical  combinations  with  each  nihcr 
mix  with  each  other  in  definite  proportions.  If  the  necks  of  two  flasks  be  placed  in  cominunicati-tn 
by  means  of  a  ghiss  or  other  tube,  and  if  the  lower  tiask  contain  CO,,  and  the  upper  one  H,  the 
ga«5  mix  quite  iniiependently  of  their  different  specific  gravities,  both  gases  forming  in  each  tL-isk  a 
perfectly  uniform  mixture.  Tne  phenomenon  is  called  \\\ei  diffusion  of  gases.  \{  jl  porous  mfm 
hrane  b«  previously  inserted  lietwcen  llie  ga'ics,  the  exchange  of  gases  Mill  goes  on  through  the 
mcmtnane.  But  (as  with  endosmosis  in  Muids)  the  gases  pass  with  unequal  rapidity  throngh  the 
pores,  so  that  at  the  beginning  of  the  ex|>criment  a  larger  amount  of  gas  is  found  on  one  side  of  the 
membrane  than  on  the  other.  According  10  Graham,  the  rapidity  of  the  diffusion  of  the  gases  through 
the  pores  is  inversely  proportional  to  the  stjuare  root  of  their  sjxtcific  gravities.  (Acconling  to  Bun- 
sen,  however,  this  is  not  quite  correct.) 
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Different  Gases  in   a  Gaseous  Mixture  do  not  Exert  Pressure  upon  one  another. — 

lOAse&i  ilicrefore.  pass  inlo  n  space  fille<l  wiiti  another  gas,  as  they  would  pass  into  a  vacuum.  If 
rkfac  surface  of  B  fluid  contalnini;  attsorbcd  gases  be  placed  in  coiiioct  witti  a  very  large  quantity  of 
lanolhcr  gaft.  the  ahjtorbed  gaMis  difFiMe  into  llie  latter.  Hence,  abM>rbcd  gases  can  be  removed  by 
1(3)  /injjing  If  stream  of  another  gas  thfouj;ktkefiuid,or  by  mertty  shaking  up  thejfuidwilk  another 

Paitial  Pressure. — U  hva  or  more  gases  are  mixed  in  a  closed  space  over  a  fluid,  .is  the  diffcr- 
Bt  gases  cxiMiug  in  a  gaseous  mixture  exert  no  pressure  upon  each  other,  ihe  sercral  gaaca  ore 
absorbed.  The  weight  of  each  absorbed  is  proportional  to  the  pressure  under  which  each  gas  would 
be,  were  it  the  only  gas  in  the  space.  Tliis  pressure  is  colled  xhc  partial  pressure  ai  %  gas  (Sufisen), 
The  absorption  of  gases  from  their  mixtures,  therefore,  is  prcporiionat  to  the  partial  pressure.  The 
fArtial  pressure  of  a  gsa  in  a  since  is  at  the  same  time  the  expression  for  the  tension  of  the  gas 
absorbed  by  a  fluid. 

The  air  cootains  0.2096  volume  of  O,  and  0.7904  volume  N.  If  I  volume  of  the  air  be  placed 
ander  a  presiure,  P,  over  water,  the  partial  preiiiiure  ui>dcr  which  O  is  alu&orbcd  =  0.2096  V\  that 
I  for  N  =r  0.7904  P.  Ai  o^  C,  and  760  mm.  pressure,  1  volume  of  water  absorbs  0.02477  volume  of 
sir,  cdnsiujag  of  oxxXAz  volume  O,  and  0,01615  volume  N.  It  contains,  Uierefore,  34  per  cent.  O 
and  66  per  cent.  X.  Therefore,  water  absorbs  frotH  the  air  a  mixture  of  gases  coHiaining  a  larger 
pereentage  of  O  than  the  air  itself. 

,  34.  EXTRACTION  OF  THE  BLOOD  GASES.— TThc  blood  to  be  analyzed  must  Uc 
'  collected  over  mercury  so  ns  to  avoid  contact  wiih  air.  Inb  is  done  by  means  of  a  special 
ippantos,  consisting  of  a  graduated  tnbe  fill«d  with  mercury*  and  communicating  wuh  a  glass  globe 
liio  filled  with  mercury,  which  can  be  lowered  as  the  blood  tlows  into  the  graduated  tube.]  The 
extraction  of  ihe  gases  from  the  blood,  and  their  collection  for  chemical  analyiiis,  are  canied  out  hy 
means  of  the  mercurial  pump  (6\  Ludwig).  Fig.  22  shows  in  a  diagrammatic  form  the  arrangement 
of  PflOger's  gas  pump. 

It  Consists  of  a  receptacle  for  ibe  blood,  or  • '  blood-bulb  "  ( A),  a  glass  ghbe  capable  of  containing 

Ijo  to  300  C.C.,  connected  above  and  below  with  tubes,  each  of  which  is  provided  with  a  stojvcock, 

diad  k;  4  is  an  ordinary  stop  cock,  while  a  has  through  its  long  axis  a  perforation  which  opens  at 

Jt.isd  is  so  arranged  thai,  according  to  the  position  of  the  handle.  It  leads  up  into  the  blood-bulb 

tpmiUon  .t.ff),  or  downward  through  the  lower  tul>c   (position   x*,a').     This  blood-bulb  is  first 

ccotpletely  emptied  of  air  (by  means  of  a  mercurial  air  pump),  and  then  carefully  weighed.     One  end 

(i')  uf  it  is  tied  inio  an  artery  or  a  vein  of  an  animal,  and  when  the  lower  slop-cocic  is  placed  in  the 

mttioa  jr,ii,  blood  Hows  into  the  receptacle.     When  the  necessary  amount  of  blood  is  collected,  the 

lover  ttop-cock  is  put  into  the  position  x',<j',and  the  blood -bulb,  after  Iwing  cleaned  most  carefully, 

u  weighed  lo  ascertain  the  weight  of  the  amount  of  blood  collected.     The  second  part  of  the  appa- 

tUuconsiMs  of  Ihe  froth-chamber,  B,  leading  u|jward  and  downward  into  (ube^,  each  of  which 

H  provided  with  an  oniinary  stop-cock,  r  and  d.     The  froth-chamber,  as  ils  name  denotes,  is  to 

catch  the  TrLiOi  which  is  formed  during  the  eucrgcdc  evolution  of  the  gases  from  the  blood.     The 

loser  iperture  of  the  froth  chamber  is  connected   by  means  of  a  well-ground  tube  with  the  blood- 

^b.  while  above  it  communicates  with  the  third  part  of  the  apparatus,  the  drying-chamber,  t;. 

Tin  consists  of  a  U-shapcd  lube,  provided  below  with  a  smnll  glass  bulb,  which  is  half  fdlcd  with 

•ilphiiric  acid,  while  in  its  limbs  arc  placed  pieces  of  pumice-stone  also  moistened  with  sulphuric  acid. 

Atllie blood  gases  pass  through  this  apparatus  (which  may  be  shut  olt  by  the  stop-cocks  e  and/), 

ikey  vc  freed  frum  iheir  watery  vapor  by  the  sulphuric  acid,  so  that  they  pass  quite  dry  ibrongh  the 

Vop-cock,/     The  short,  well-ground  tube,  U,  is  hxed  Xof,  and  lo  (he  former  is  attached  the  small 

kmmutri^  fm/'e  or  mamam//er,  y,  which  indicates  the  extent  of  the  vacuum.     From  D  we  pass  to 

jfe  pomp  proper.     This  consists  of  two  large  gla.^s  hulbs,  which  arc  continued  above  and  below 

nioopen  tubes;  the  lower  lubes,  7.  and  w,  being  united  by  a.  caoutchouc  lube,  G.      Holh  the  bulbs 

Ukd  (he  caoutchouc  tube  contain  mercury — the  bulbs  being  about  half  full,  and  V  being  larger  than 

&    The  bulb,  £,  is  fixed;  but  I''  can  be  raised  or  lowered  by  means  of  a  pulley  with  a  rack  and 

pioioa  mouon.     If  F  be  raised,  E  is  filled;  if  F  be  lowered,  F.  is  emptied.     The  upper  end  of  E 

iii>tdes  into  two  tubes,  ^  and  ^,  of  which  g  is  united  lo  L>.     The  ascending  tube,  A  (gas-dcHvcry 

tBtit},  Is  very  narrow,  and  is  bent  so  that  its  free  end  dips  into  a  veucl  containing  mercury,  v  (a 

pscninatic  trough),  and  ihe  opening  is  placed  exactly  under  the  tube  for  collecting  the  gases,  the 

ndiometer,  J,  which  is  also  tilled  with  mercury.     Where  g  and  H  unite,  there  is  a  two-way  stop- 

codi.  which  in  one  position,  H,  places  E  in  communication  with  A,  B,  CJ,  D.  the  chambers  to  be 

cibsgHcd,  and  in  the  {Kisiiion  K  shuts  otT  .\,  U,  G,  D,  and  places  the  bulb,  E,  In  communication 

■tih  the  gas-delivery  lube,  h,  and  the  eudiomelcr,  J.    K,  G,  l>  are  completely  emptied  of  air,  xhus: 

The  rt&p.cock  i»  placed  in  the  position,  K  ;  raise  h  until  drops  of  mercury  issue  from  the  line  tube, 

I'lool  yet  placed  under  J);  place  the  stop-cock  in  the  position  If,  lower  F;  slop-cock  in  position,  K, 

Mid  10  00  until  the  barometer,  v,  indicates  a  complete  vacuum.     J  is  now  placard  over  1.    Open  the 

cocki,<  and  6.  so  that  llic  blood-bulb.  A,  communicates  with  the  rest  of  the  apparatus,  and  the  blood 

{■its  froth  up  In  B,  and  after  being  dried  in  G  pass  toward  E.      Lower  K,  and  they  pass  into   E ; 

tUf^-Cbck  in  position,  K,  raise  F,  and  the  gases  are  coUecied  In  J  under  mercury.     The  repealed 

Mcring  and  raising  of  F  with  the  corresponding  position  of  the  stop-cocks  ultimately  drives  all  the 


Sch«rae  of  PflOKcr'a  ga»-pHmp.     A,  blood-bulb;  it,  %tap<oc\e,  wiih  a  lonfptudlnal  pcrfomtiun  ovctilns  upward ;  tf'fl 
the  MNtc  apen'mg  downward;  ^ind  <:,  iiop<oi:ki ;  B.  fnHlxhambcr:  rf', ',y, stop-cuckt :  O,  dr)rli>S-cbjunbcn, 
il  pUMtce-ilonc:  O,  lub«,  wil"^ ■ 

(;a(ed  the  (jcrcenta^e  coinpositian  of  tlie  blood  ga»es.    The  more  itnporiani  recent  investigalioDsbavc 
been  mailc  by  Lotliar  Meyer  (1857),  and  by  the  pupils  of  C.  rAidwignnd  E.  Pfliitjer. 

35.  QUANTITATIVE  ESTIMATION  OF  THE  BLOOD  GASES. 

— The  gasL's  obtained   from   blood  consist  of  O,  COj,  and  N.     PflUgcr  obuincd 
(at  0®  C.  and  i  metre  Hg  pressure)  47.3  volumes  per  cent.,  consisting  of— 
O,  16.9  per  cent. ;  CO,,  29  per  cent. ;  N,  1.4  per  cent. 
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As  is  shovrn  in  Fig.  22,  J,  the  gases  are  obtained  in  an  eudiometer,  /.^.,  in  a 
narrow  tube,  closed  at  one  end,  and  with  a  very  exact  scale  marked  on  it,  and  having 
two  fine  platinum  wires  melted  into  its  upper  end,  with  their  free  ends  projecting 
into  the  tube  {J>  and  //). 

( 1 1  Estimation  of  the  CO..^A  small  ball  of  /«W  caustic  putash,  fixed  on  a  platinum  wire,  is 

LiUroduccd  iniu  tlie  mixture  of  gases  through  the  lower  enri  of  the  eudiometer  under  cover  of  the 

[mercury.     The  surface  of  ihc  [.lolash  Iwill  is   moistened  hefure  it   \s   introduced.     The  CO,  unites 

[  vtih  the  |K>iuh  to  form  ()ota$sium  carbonate.     The  potaith  bulb  is  withdrawn  after  24  hours.     The 

I'diminuiion  ia  Tolumc  jndicaie>>  the  amount  of  CO,  .it)sorlied. 

<,2|  Estimation  of  the  O. — \n)  Just  as  in  cstiniating  the  CO,,  a  ImjU  cX  pkosphorttt  on  a  platinum 
•ire  ii  introduced  into  the  eudiometer;  it  absorbs  tlie  O  arid  forms  phosphoric  acid.  Another 
[  plan  i*  10  employ  a  small  papier-macht-  ball  saiiiratcil  with  pyroi^iUlic  add  in  caustic potaih,  which 
tapidlj'  absorbs  O.  After  the  IkiU  'v»  removed, the  liiminutlnn  in  volume  indicates  the  ijuantily  of  C. 
( 1*)  The  O  IS  most  easily  and  accurately  estimated  l>y  exploding  it  in  the  eudiometer.  Introduce  a 
sufficient  fjuantity  of  H  into  the  eudiometer,  ami  nccuralely  a<K:crtain  its  volume ;  an  electric.1I  sp.irk 
is  now  ffassed  between  (he  wires,  /  and  «,  ihrouyh  the  mixture  of  gases;  the O and  II  unite  to  form 
water,  which  causes  a  diminution  in  the  volume  of  the  gates  in  the  eudiometer,  of  which  |j  is  due 
la  the  O  u*<d  10  fonn  water  (H,0). 

{/)  Estimation  of  the  N. — When  the  CO,  and  O  are  estimated  by  the  above  method,  ihe 
tfmnim.ier  is  pure  X. 

36.  THE  BLOOD  GASES— [Inhuman  blood,  the  average  total  gases 
»(  e&timated  to  be,  at  o"^  C.  and  i  metre  pressure, 

O  CO,  N 

Arterial  blood,  17  30  1  to  2  per  cent. 

Venous  blood,       6  to  10  35  1  to  2       " 

or,  calculated  at  o*  C.  and  760  mm.  pressure, 

Arterial  blood,  20  39  1.4  per  cent. 

Venous  blood,       8  to  12  46  1.4       "       ] 

1  Oxygen  exists  in  arterial  blood  (dog)  on  an  average  to  the  extent  of  17 
volumes  per  cent,  (at  0°  C.  and  1  metre  Hg  pressure)  {PJiiiger),  According  to 
MDger,  arterial  blood  (dog)  is  saturated  to  -^  with  O,  while,  according  to  Hiifner, 
II  ift  uturated  to  the  extent  of  |  i.  In  venous  blood  the  quantity  varies  very 
reatly;  in  the  blood  of  a  passive  muscle  6  volumes  per  cent,  have  been  found  ; 
»hile  in  the  blood  after  asphyxia  it  is  absent,  or  occurs  only  in  traces.  It  is  cer- 
tainly more  abundant  in  the  comparatively  red  blood  of  active  glands  (salivary 
glands,  kidney),  than  in  ordinary  dark  venous  blood. 

(Modifying  Conditions. — The  amount  of  O  obtainable  from  the  blood  depends  upon  the 
«pB  from  which  the  blood  comes,  or  whether  Ihe  organ  be  active  or  at  rest.     Thus  the  O  present 

CarDltd  artery  is    .         *         si  per  cent.     I       Renal  vein  (kidney  active),  17  per  cent. 
Renal  artery,         .         .         19       "  |       Kenal  vein  (kidney  at  rest),    6       " 

B«t  finds  that  increase  of  (he  ntmespherit  preaure  from  1  to  to  atmospheres  raises  the  timount 
fif  Uin  anenal  blood  from  30  to  over  24  per  cent.,  and  the  N  from   1.8  to  over  9  percent.,  while 

il»rOj.  1*  but  slightly  affected.] 

The  0  in  Blood  occurs — (a)  simply  absorbed'xxi  the  plasma.  This  is  only  a 
mimmal  amount,  and  does  not  exceed  what  distilled  water  at  the  tein|>erature  of 
ihcbody  would  take  up  at  the  partial  pressure  of  the  O  in  the  air  of  the  lungs 
{Ltthar  Afeyer'). 

{b)  Almost  the  total  O  of  ihe  blood  is  chemically  united,  and  therefore  not 
ttbject  10  the  law  of  absorption.  It  is  loosely  united  to  the  haemoglobin  of  the 
ted  corpuscles,  with  which  it  forms  oxyluemoglodin  (§  15).  With  regard  to  the 
taking  up  of  O,  the  total  (juantity  of  blood  behaves  exactly  like  a  solution  of 
fc^njoglobin  free  from  0  {Preyer).  The  absorption  of  O  is  more  rapid  in  blood 
than  in  a  solution  of  Hb. 

'nie  ahaoqi4ion  of  this  qu.intiiy  of  O  is  completely  independent  of  pressure  ;  hence,  animals 
Mofawl  ID  a  closed  space,  until  they  arc   nearly  asphyxiated,  can  use  up  abnusi  all  (he  O  from  the 
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surrounding  atmospkhere.  The  fact  of  the  tiDion  being  independent  of  pressure  ts  proved  bjr  the 
following  :  The  blood  only  gives  ofT  copiously  iis  chemically  united  O  when  ihc  oimoKphenc  pres- 
sure is  lowered  to  20  millimetres,  Hg  {IVorm  Mii/ier] ;  and,  conversely,  blood  only  lakci  up  a 
lilllc  more  (>  when  (lie  prcsiuie  is  increased  lo  6  almoiphcrci  {Bert). 

Physical  Methods  of  Obtaining  O  from  Blood. — Notwithstanding  thfl 
chemical  union  between  the  Hb  and  O,  all  the  O  of  the  blood  can  I>e  cxpeiledl 
from  its  slate  of  combination  by  those  means  which  set  free  absorbed  gases — fa) 
by  introducing  blood   into  a  Torricellian  vacuum  ;  {&>)  by  boiling;  {£)  by  the 
conduction  of  other  gases  [H,  N,  CO,  or  NO]  throtigh  the  blood,  because  the^_ 
oxyhaemaglobin  compound  is»o  loose  that  it  is  decomposed  even  by  these  physicaiH 
means.  ^* 

Reducing  Reagents. — Among  chemUai  reagents  the  following  retiudng  suh- 
stances — ammonium  sulphide,  sulphuretted  hydrogen,  alkaline  solutions  of  sub^H 
salts  or  Siokes's  fluid,  iron  filings,  etc.,  rob  blood  of  its  O  (^  15).  ^^ 

Relation  to  Fe. — The  amount  of  iron  in  the  blood  (0.55  in  tooo  parts)  stands  in  direct  rela- 
lioQ  to  ibc  anK>unt  of  tib;  this  10  the  quantity  of  blood  corpuscles;  and  this,  in  turn,  to  [he  specific 
gravity  of  the  blood.  The  amount  of  O  in  the  blood,  therefore,  is  nearly  proportional  to  the 
apectfic  gravity  of  the  blood,  and  it  is  also  in  proportion  to  the  amount  of  iron  in  the  blood.  Picard 
affirms  that  2.36  grams  of  iron  in  the  blood  can  fix  chemically  I  gram  O;  while,  according  to 
Uoppc-Srylcr,  the  proportion  is  i  atom  iron  to  2  atoms  O. 

During  morphia  narcosis  the  amount  of  O  in  the  blood  la  diminished  (£au/</);  after  hemor- 
rhage the  arterial  blood  15  saturate*!  wiih  O  {J.  G.  Of/). 

Disappearance  of  O  in  Shed  Blood. —  ICven  immediately  after  hlood  is  shed,  there  is  a  slight 
disappearance  of  O,  as  a  physiological  index  of  respiration  of  the  tissues  within  the  living  blood 
itself  f$  132).  When  blood  is  kept  long  outside  of  ihc  blood  vessels,  the  quantity  of  O  gradually 
diminishes,  and  if  it  be  kept  for  a  length  uf  time  at  a  high  Icmperalure  it  may  disappear  altogether. 
This  depends  upon  decomposition  occurring  in  the  blood,  whereby  reducing  substances  are  formed 
which  consume  the  O.  All  kinds  of  blood,  however,  do  not  act  with  e^iual  energy  in  consuming 
O* /■^.,  venous  hlood  from  active  muscles  acts  most  energetically,  while  that  from  the  hepatic  vein 
has  very  little  effect.  CO,  appears  iu  the  blood  in  place  of  the  O,  and  the  color  darkens.  Tbe^^ 
amount  of  CO,  prodiiccil  is  sometimes  greater  than  that  of  the  O  consumed.  ^H 

Relation  to  Acids. — If  blood  (or  a  solution  of  oxyha-moglobio]  be  acted  upon  by  a^iA  ('^J^| 
tartaric  acid)  until  it  is  strongly  acid,  O  can  lie  pumped  out  in  considerably  less  amount,  while  Ine 
formation  of  COj  is  not  increased.  We  most,  therefore,  assume  that,  during  the  decomposition  of 
the  Hb  caused  by  the  acids  (|  iS],  a  decompoiiilion  product  becomes  more  highly  oxidized  liy  the 
intense  chemical  union  of  the  O  at  the  moment  of  its  origin  {Lcfhar  Mtytr,  Hun/i,  Strasi&urg). 
The  same  phenomenon  occurs  when  oxyha.-iiioglobin  is  decomposed  by  bailing. 

37.  IS  OZONE  PRESENT  IN  BLOOD  ?— On  account  of  the  numer- 
ous and  energetic  oxidations  which  occur  in  connection  with  the  blood,  the  ques- 
tion has  often  been  raised  as  to  whether  the  O  of  the  blood  exists  in  the  form  of 
ozone  (O3).  Ozone,  however,  is  contained  neither  in  the  blood  itself  (A-//^h/«>i) 
nor  in  the  blood  gases  obtained  from  it.  Nevertheless,  the  red  corpuscles  (and 
Hb)  have  a  distinct  relation  to  ozone.  ^| 

(i)  Tests  for  Ozone, — Hs?moglobin  acisasa  i-awrc^c^  c/«ot»/-,  i./-.,  it  is  able  to  remove  ihe^^ 
active  O  of  other  iKxlies  and  lo  convey  or  Iraosfei  it  at  once  to  other  easily  oxidizable  substances. 
la)  Turpentine  which  has  been  exposed  to  the  air  for  a  long  lime  always  contains  ozone.  The  tests 
for  the  latter  are  sinrch  and  potassium  iodide,  the  o/one  decomposin(;  the  iodide,  when  the  iodine 
strikes  a  blue  with  the  starch,  {h)  Freshly- pre  pared  tincture  of  guaiacum  is  also  rendered  blue  by 
ozone.  If  some  tincture  of  guaiacum  be  added  to  turpentine  there  is  no  reaction,  but  on  adding  a 
drop  of  Idnod  a  deep  hlue  color  is  immediately  produced,  >./.,  blood  lakes  the  oione  from  the  tur- 
pentine and  i-t^nrc-^i  it  at  once  to  the  dissolved  guaiacum,  which  becomes  blue.  It  is  immaterial 
wbdher  the  Hb  contains  O  or  not. 

[2]  It  is  also  asserted  that  hacrrocglobin  acts  as  an  ozone  producer ,  i.e.,  that  it  can  convert  the 
ordinary  O  of  the  air  into  ozone.  Hence  the  rcaMin  why  red  blood  corpuscles  alone  render  gtiaia- 
cum  blue.  This  reaction  succeeds  licst  when  the  guaiacum  solution  Is  allowed  to  dry  on  blotting- 
paper,  and  a  few  drops  of  blood  (diluted  5  to  10  times)  are  poured  on  it.  That  the  Hb  forms 
ozone  from  the  surrounding  O,  is  shown  by  the  fact  that  re<I  blood  corpuscles  containing  cartxinic 
oxide  cause  the  blue  color  {A'iihne  ntul  S(Ao/m).  According  to  Ffltigcr,  however,  these  reactions 
only  occur  from  decomposition  of  the  Hb,  so  that  on  this  view  the  bluod  corpuscles  cannot  be 
regarded  as  producers  of  ozone. 

Sulphuretted   hydrogen  is  decomposed  by  blood  (as  by  ozone  itself]  into  sulphur  and  water. 
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Kydric  peroxide  is  decomposed  by  blood  into  O  and  water  fbot  this  reaction  is  prevented  hy  the 
addition  of  a  smalt  amount  of  hydrocyanic  acid  {SrAi(HMMy].  CryMallizcd  Mb  dues  not  do  this, 
■od  llgO,  may  ]te  cautiously  injected  into  the  blood  vcsacU  of  animals.  This  would  show  that 
mn^httmiifJ  lib  docs  net  produce  oione. 

V&rious  Fonna  of  Oxygen. — There  are  three  forms  of  oxygen  r  (i)  The  ordinary  oxygen(0,) 
in  the  air.  (2)  Active  or  nascent  oxygen  (O),  which  never  can  occur  in  the  free  state,  but  the 
moment  it  is  formed  acts  as  a  powerful  oxidizing  agent  and  produces  chemical  compound?.  It  con* 
verts  water  into  hydric  peroxide— the  N  of  the  air  into  nitrous  ond  nitric  acids,  and  even  CO  into 
CO,,  which  uione  dues  not.  It  certainly  plays  an  impoilant  part  in  the  organism.  (3)  Ozone  (Oy). 
which  it  formed  by  the  decomposition  of  several  molecules  of  ordinary  oxygen  (O,)  into  two  atoms 
of  O,  and  the  appropriation  of  each  uf  these  atoms  by  a  molecule  of  aodecompbsed  oxygen.  It  Is 
oaygen  condensed  10  {  of  its  volume. 

38.  COi  AND  N  IN  BLOOD.— ir.  Carbon  Dioxide.— In  arterial 
blood  there  arc  about  30  volumes  per  cent,  of  CO,  at  o**  C.  and  1  metre  pressure 
( Sr/si^A^ntrtv) ;  but  in  venous  blood  the  amount  is  very  variable,  e.g^.,\n  the 
venous  blood  of  passive  muscles  there  are  35  volumes  per  cent.  {SczeikoTv),  while 
in  the  blood  of  asphyxia  there  may  be  52.6  volumes  per  cent.  The  COj  in  the 
fymph  of  asphyxia  is  less  than  that  in  the  blood  {Buchner,  Gaule).  The  CO,  of 
the  blood  may  be  extracted  from  it  or  completely  pumped  out ^  but  during  the  pro- 
cess of  evacuation,  or  removal  of  the  g.is,  a  new  property  of  the  red  blood 
corpuscles  is  produced,  whereby  they  assume  the  function  of  an  acid,  and  thus 
ud  in  the  chemical  expulsion  of  the  CO,.  This  acid-like  property  of  the  red 
corpuscles  occurs  especially  in  the  presence  of  O  and  heat. 

(A)  The  CO,  in  the  P\asu\Bi.~  The  largest  portion  0/  the  CO,  belongs  to  the 

plasma  (or  serum),  and  it  all  appears  to  be  in  a  state  of  chemical  combination. 

Serum  takes  up  CO,  quite  independently  of  pressure,  hence  it  cannot  be  merely 

absorbed.     A  certain  part  of  the  CO,  can  be  removed  from  the  serum  (plasma)  by 

the  Torricellian  vacuum,  while  another  part  is  obtained  only  after  the  addition  of 

ID  acid*     [The  latter  is  called  the  *'  fixed  "  CO,,  while  the  former  is  known  as 

the  •*  loose  "  CO,.]     The  CO,  in  the  serum  exists  in  the  following  conditions  : — 

(i)  CO,  is  united  to  the  soda  of  the  plasma  in  the  form  of  ^*  neutral  sodic  car- 

hnate."     This  portion  of  the  CO,  can  only  be  displaced  from  its  combination 

by  the  addition  of  an  acid,     (In  depriving  blood  of  its  gases  the  red  corpuscles 

pUy  the  rOle  of  an  acid.^ 

(a)  A  portion  of  the  CO,  is  loosely  united  to  sodic  carbonate  in  the  form  of 
W/V  bicarbonate  ;  the  carbonate  takes  up  1  equivalent  of  CO, ;  NajCO,  f  CO,  -f 
H,0  =  iNaHCO,.  This  CO,  may  be  pumped  out,  as  in  the  process  the  bicarbon- 
ate splits  up  again  into  the  neutral  carbonate  and  CO,. 

IVcyerhfts  objected  to  this  view  on  the  {;round  thai  blood  is  alkaline  in  reaction,  while  all  solu- 
tiODiibat  contain  CO,  in  a  stale  of  ahsorption,  or  loose  chemical  comhinatinns,  are  always  acid. 
PUfi^  and  Zuntz  showed  tliat  blood,  after  being  completely  soluraied  with  CO^/ still  remains 
•Ibline. 

Aiihe  tucsrbooate  only  gives  up  its  CO,  very  slowly  in  vacuo,  while  blood  gives  off  its  CO, 
wry  encr^icatly,  perhaps  the  i.oda,  united  with  an  albuminous  body,  combines  with  the  CO,  ana 
faw»»  omnplcx  compound,  from  which  the  CO,  is  rapidly  given  off  in  vacuo. 

{3)  A  minimal  portion  of  the  CO,  may  be  chemically  united  with  neutral  soau 
phosphate  in  the  plasma  {Fernet).  One  equivalent  of  this  salt  can  fix  one  equiva- 
l«tit  of  CO,,  so  acid  sodium  phosphate  and  acid  sodium  carbonate  are  formed, 
Ni,HPO,  -f  CO,  -i-  H,0  =  NaH,PO.  -f.  NaH,  CO,  { Hermannn).  When  the  gases 
Are  removed  the  CO,  escapes,  and  neutral  aod'ic  phosphate  remains* 

It  Is  proltahle.  however,  that  atntost  all  the  sodtc  phosphate  found  in  the  blood-ash  arises  from 
tbt  burning  of  lecithin ;  we  have,  therefore,  to  consider  only  the  very  small  amount  of  this  salt  which 
ocnm  in  the  plasnm  {f/oppe  Styter  and  Sertoli). 

'B)  The  CO,  in  the  Blood  Corpuscles. — The  red  corpuscles  contain  CO, 
in  loose  chemical  combination  ;  for  ( i  j  a  volume  of  blood  can  fix  nearly  as  much 
CO,  as  an  equal  volume  of  scrum  {Ludwigt  Ai.  Schmidt^ ;  and  (a)  with  iacrt:asing 
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pressure  the  absorption  of  CO,  by  blood  takes  place  in  a  different  ratio  from  what 
occurs  with  scrum  {Pfluger^  '/.untt).  The  red  corpuscles  can  fix  more  CO,  than 
their  own  volume,  and  the  union  of  the  COj  seems  to  depend  upon  the  Hb.  for 
Scischenow  found  ihatj  when  Hb  was  acted  on  by  CO„  iis  power  of  fixing  the 
latter  was  increased,  which  is  perhaps  due  to  the  formation  of  some  substance  more 
suited  for  fixing  CO^.  The  colorless  corpuscles,  after  the  manner  of  the  serum 
constituents,  also  fix  CO,  to  the  extent  of  J^  to  -j^of  the  absorbing  power  of  scrum. 

After  the  use  of  I,  Ilg.  sotlic  oxalate,  and  nitrite,  there  ix  a  dtminulion  of  CO,  in  arterial  blood 
{Feitelberf^),  and  also  In  fever  [Grpftnt,  Afinjtoietjbi ).'    [In  the  last  case  i(  is  perhaps  due  to  tbej^H 
diminished  alkaliiiily,  ai)<]  tliis  in  in  |>jiri  owin(;  l<>  t)ieacid  products  formed  during  the  decomftositioi^H 
of  the  liskues.]  ^^B 

Til.  Nitrogen  exists  in  the  blood  to  the  extent  of  1.4  to  1.6  vol.  per  cent., 
and  it  appears  to  be  simply  absorbed. 

It  is  doubtful  if  any  [>nrl  uf  the  N  cxt.4s  chemically  united  in  the  red  corpuscles.  Blood  wanned 
ouuide  the  body,  and  with  a  free  i-upply  uf  oxygen,  gives  nrT  a  minute  qunmity  nf  ammonia,  which 
is  perhaps  derived  from  tlie  decomposition  of  some  salt  of  ammonia  as  yet  unknown  iKiihnt  and 
StraMrh), 

39.  ARTERIAL  AND  VENOUS  BLOOD.— Arterial  blood  contai 
in  solution  all  those  substances  which  are  necessary  for  the  nutrition  of  the  tissiicsj 
those  which  are  employed  in  secretion,  and  it  also  contains  a  rich  supply  of  O. 
Venous  blood  must  contain  less  of  all  these,  but  in  addition  it  holds  the  used-up 
•  or  effete  substances  derived  from  the  tissues,  and  the  products  of  their  retrogressive 
metabolism  are  more  numerous ;  there  is  in  venous  blood  a  larger  amount  of  CO,. 
It  is  evident,  also,  that  the  blood  of  certain  veins,  the  portal  and  hepatic,  roust  have 
special  characters. 

The  following  are  the  most  important  points  of  difference  bclireen  arterial  blood 
And  venous  blood : — 

Arterial  Blood  contains — 

less  ure*. 

It    U   bright   red   and   Dot 

dichroic. 
As  a  rule  it  is  i  "*  C.  wanner. 


more  O, 

lets  CO,, 
more  water, 
more  fibrin, 


more  extracttvcs, 

more  salts, 

more  sugar, 

fewer  blood  corpuscles. 
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The  bright-red  color  of  arterial  blood  depends  on  the  presence  of  oxyhsemc 
globin,  while  the  dark  color  of  venous  blood  is  due  to  its  smaller  proportion  of 
oxyha:moglobin,  and  the  quantity  of  reduced  h.-eraoglobin  which  it  contains.     The 
dark  change  of  color  is  not  to  be  attributed  to  the  larger  quantity  of  CO,  in  venous 
blood  {Marchami) ;  for  if  equal  quantities  of  ()  be  added  to  two  jjortions  of  blood*., 
and  if  CO,  be  added  to  one  of  them,  the  color  is  not  changed  {■PftUgfr), 

[According  to  C.  Schmidt,  the  blood  of  the  portal  vein  contains  more  water,  plofima,  talt^,  waA 
fats,  hut  less  extractives  and  corpuscles  than  the  blt>o4l  of  the  hepatic  vein;  while  (when  an  animal 
is  not  digesting)  sugar  is  absent  or  at  least  only  in  tracct  in  the  }>or1al  vein,  and  in  coiuider^blc^ 
amount  in  the  liepalic  vein  (}  175)  ]  ^H 

40.  QUANTITY  OF  BLOOD.— In  the  adult  the  quantity  of  blood  is 
equal  to  ^'j  part  of  tlie  body  weight  {Bisc/wj^),  in  newly-born  children  ^ 
(  We/cker). 

According  to  Schflcking,  the  amoum  of  blo^id  in  a  ncwiy-bom  child  depends  to  some  extent  ujmn 
the  time  »t  which  the  umbilical  coid  is  ligatured.  The  amount  =  ^^  of  the  body  weight  when  ihe 
cord  is  tied  at  once,  while  if  it  is  lied  stjuicwhat  later  it  may  1«  \.  Immediate  ligature  of  the  cord 
may,  therefore,  deprive  a  newty-born  child  of  loo  grams  of  blood.     Further,  the  numlier  of  cur- 

Cisclef  is  Ie5.s  in  a  child  after  immediate  ligature  of  the  umbilical  cord  than  when  it  is  ikd  tomewhat 
ter  {//fiot). 

The  methods  of  Valentin  ( I $38), and  Ed.W'eber  (i850),are  not  now  used, as  the  rciults  obtained 
are  not  sufficienlly  accurate. 

Method  of  Welcker  (1S54). — Kegin  hy  taliit^g  the  weight  of  the  animal  to  Ite  experimented 
on;  place  a  cannula  in  the  carotid,  and  allow  the  blood  to  run  into  a  flask  previously  weighed,  and 
in  which  small  pebbles  (or  Wg)  have  been  placed  in  order  to  defibrinale  the  blond  by  dialciDg. 
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Take  a  paft  of  this  deBbrinated  blood,  and  make  tt  cherry-red  in  color  by  passing  through  it  a 
uream  of  CO  {because  ordinary  bloo'l  varies  in  color  according  lo  the  amount  of  O  cnntained  in  it — 
CtckfidifM,  HfidenkAin).  Tie  a  H  shaped  cannula  in  ihe  two  cut  ends  of  the  carolid.  and  ollow  a 
06  per  cent,  sololioo  of  common  salt  lo  flow  into  the  vessel  from  a  pressure  bottle;  collect  the 
colored  fluid  iuuing  from  the  jugular  veins  and  inferior  vena  cava  until  Inc  fluid  '\%  quite  clear.  The 
entire  body  is  ihen  chopped  up  (vrith  ihe  exception  of  the  contents  of  Ihe  stomach  and  inte.<4ines, 
which  are  weighed,  and  llieir  wciijht  deducled  from  the  body  weight),  and  extracted  wiih  water, 
and  after  twcnly-fonr  hours  the  fluid  is  expressed.  This  water,  as  well  as  the  washinya  with  salt 
Aoluiioti.  are  collected  and  weighed,  and  pan  of  the  mixture  is  saturated  witli  CO.  A  sample  of 
ihis  dilute  blood  is  placed  in  a  vessel  with  parallel  sides  (I  cm.  apart)  opposite  the  light  (the 
•o-called  hicmatinometer),  and  in  a  second  vessel  of  the  same  dimensions  a  sample  of  the  undiluted 
CO  blood  i.<i  diluted  with  water  from  a  burclle,  until  both  fluids  give  Ihe  tame  iulfn$ity  of  cohr. 
Frum  ihc  quaniiiy  of  water  required  lo  dilute  the  blood  to  the  tint  nf  the  washings  of  the  blood 
TcucU,  the  quantity  of  blood  in  the  wa&hings  is  calculated.  On  chopping  up  the  muscles  alone,  we 
oUain  the  amount  of  Mb  prcicnt  in  them,  which  is  not  tsk.en  into  calculation. 

Quantity  of  Blood  in  Various  Animals. — The  quantity  of  blood  in  the 
mouse  —  1^,10^1^  ;  guitiea-pig  =tJ.7  dV  *«  ii')  *  rabbit=y|^  (-^  lo  -f^) ;  dog 
=  A  CtV  'o  tV)  ;  <^at  =  yf  u  ;  buds  —  is  ^^  ^'y  ^i^og  =^-h  ^^  iv'^  *^shcs  — 
fj  to  i^  of  the  body  weight  (without  the  contents  of  the  stomach  and  intestines). 

The  specific  gravity  of  the  blood  ought  alivays  lo  be  taken  when  estimating  ihe  amount  of  blood. 
The  amount  of  blood  is  diminished  during  inanition ;  fat  persons  have  relatively  less  blood  ;  after 
bctnorrhage  tlie  loss  is  at  first  replaced  by  a  watery  fluid,  while  the  blood  corpuscles  are  gradually 
legeneraied. 

Blood  in  Organs. — The  estimation  of  the  quantity  of  blood  in  different  organs 
is  done  by  suddenly  ligaturing  their  blood  vesseSs  intra  vitam.  A  watery  extract 
of  the  chopped-up  organ  is  prepared,  and  the  quantity  of  blood  estimated  as 
described  above.  [Roughly  it  may  be  said  that  the  lungs,  heart,  large  arteries, 
and  veins  contain  )i\  the  muscles  of  the  skeleton,  ^^;  the  liver,  ^4;  and  other 
organs,  %  i^Ranke)^ 

41.  ABNORMAL   CONDITIONS    OF   THE    BLOOD.— (A)    i    Polyaemia (il  An 

iftcreise  m  ibe  entire  mass  of  the  blood,  uniformly  in  nil  »rg-ani,  constitutes /<»/i«»;i«j  ox  plellipra, 
inil  in  over. nourished  individuals  it  may  approach  a  pathological  condition.  A  blui^h-rcil  color  of 
lliesVin.  swollen  veins,  large  arteries,  hard,  full  pulse,  injection  of  the  capillaries  and  smaller  vessels 
of  the  visible  mucous  membranes  are  signs  of  Ibis  state,  and,  when  accom]>anicd  by  congestion  of 
ibe  l>nun,  there  is  vertigo,  congestion  of  the  lungs,  and  breathlessness.  After  major  amputatioiis 
with  htile  loss  of  blood  a  relative  but  transient  increase  of  blood  has  been  found  (?)  (plethora 
afttiff/ua  \. 

TtansfuBion. — Poli-semia  may  lie  produced  artificially  by  the  injeelion  of  bhed  of  tlie  same 
iptbes.  If  the  normal  quantity  of  blood  \x.  increased  83  per  cent,  no  abnormal  condition  occurs, 
kccsatc  the  blood  pressure  is  not  permanently  raised.  The  excess  of  btood  is  accomroodaied  in 
Ac  Sreilly  distended  capillaries,  which  may  be  stretched  beyond  their  normal  elasticity,  [f  it  l>e 
incteased  to  150  per  cent,  (here  arc  variations  in  the  btood  pressure,  life  is  endangered,  and  there 
nay  t<e  sudden  rupture  of  blood  vessels  {iVotm  MiilUr). 

Pate  of  Transfused  Blood. — -After  the  iransfunion  of  blood  the  formation  of  lymph  is  great!/ 
aercased :  but  in  one  or  two  days  the  serum  is  used  up,  the  water  is  excreted  chiefly  by  tbe  urine, 
•0<t  the  aibumin  is  partly  changed  into  urea,  f  lence,  the  blood  at  this  time  appears  to  l>e  relatively 
ficher  in  blood  corpuscles  (/*()«iiw,  Lester,  li'orm  AfHtler).  The  red  corpuscles  break  up  much 
■ote  dowly.  and  tbe  )>ro<luctx  thereof  are  partly  excreted  as  urea  and  partly  (but  not  constantly)  as 
bflt  pigments.  Even  after  a  month  an  increase  of  colored  blood  cnr|iuscles  has  been  aliseoi-ed 
iThAir}e%(f\.  That  the  blood  corpu.*icles  are  broken  up  slowly  in  the  economy  is  proved  by  the 
fad.lbst  the  amount  of  urea  is  much  larger  when  tbe  same  quantity  of  blood  is  swallowed  by  the 
smmal  than  when  an  equal  amount  is  transfused  {'J'schirjew,  Landois).  In  the  Utter  case  there 
is  I  moderate  increase  of  tlie  urea,  lasting  fur  days,  a  proof  of  ihe  slow  decomposition  of  the  red 
copucles.  Pronounced  over-fitling  of  the  ves.sels  causes  loss  of  appetite  and  a  tendency  to  hemor- 
rh^  of  (he  mucouc  membranes. 

(2)  Polysemia  serosa  is  that  condition  in  which  the  amount  of  semm,  ue.,  the  amount  of  water 
IB  ibc  blood,  is  increased.  This  may  l^e  produced  anificially  by  the  transfusion  of  blood  serum 
ftoo  the  same  species.  The  water  is  soon  given  oflT  in  llic  urine,  and  the  albumin  is  decomposed 
inloarea,  without,  however,  passing  into  the  urine.  An  animal  forms  more  urea  in  a  short  time 
ffona  quantity  of  truntfuscl  Hrnim  than  from  the  same  quantity  of  btood,  a  proof  that  (lie  blood 
Corpvsclefl  remain  longer  undccomposed  tlian  the  senim  {farster,  Landois).  If  serum  from  another 
qieeiaDf  animal  be  used  {t^.,  dog's  serum  transfused  into  a  rabbit),  the  blood  corpuscles  of  the 
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recipient  are  dissolved ;  hzmoglobinuria  is  produced  {Pon/ick) ;  and  if  there  be  general  diMoluiion 
of  the  corpuscles,  dcAth  may  occur  {lartJots). 

(3)  Polysemia  aquosa  is  a  simple  increa<>e  of  the  water  of  tlie  Mood,  and  occura  letnporarily 
after  copious  drinking,  but  increased  diuresis  soon  restores  the  normal  condition.  Diseases  of  the 
kidneys,  wliicli  dcsiruy  Lheir  secrelin^;  parcDcliyma,  produces  this  condition,  aud  often  geocrml 
dropsy,  owinR  to  the  passage  of  water  into  the  tissues.  Ligature  of  the  ureter  produces  a  watery 
condition  of  the  blood. 

{4)  Plethora  polycythsemica,  Hype rglobu lie. — An  increase  of  the  red  corpuscles  has  been 
assumed  to  occur  when  periodically  recutring  heinonhages  are  interrupted,  e.g.,  inenstruatioD, 
bleeding  from  the  nose,  etc. ;  but  the  increase  nf  corpuscles  has  not  been  definitely  prored. 
There  is  a  proved  case  of  temporary  polycytbrcmia,  viz.,  when  .similar  blood  is  transfused,  a  pan 
of  the  fluid  being  ascA  up,  while  the  corpuMrles  remain  unchange<l  for  a  comitlcrable  time. 
There  is  a  rcmokabic  increase  in  the  number  of  blood  corjiusdes  (to  8. 82  millions  per  cubic  milli- 
metre) iu  certain  severe  cardiac  affections  where  there  is  great  congestion,  and  much  water  Irans^ 
udcs  through  the  vessels.  In  cases  of  hemiplegia,  for  the  same  reaxon,  the  number  nf  corpuKles 
i»  greater  on  the  paralysed  congested  side  i^Ptmoldt).  After  diarrhosa.  which  diminishes  the 
water  of  the  blood,  there  is  also  an  increase  t  Brouardel)^  and  the  same  is  the  case  after  profuse 
sweating  and  polyuria.  Drugs  (alcohol,  chloral,  amyl  nitrite)  which  act  on  the  blood  vessels  aflfect 
the  number  of  corpuscles;  during  contraction  of  the  blood  vessels  their  number  increases,  during 
dihlation  they  tUmintsh  in  number  {Andreeitn).  There  is  a  temporary  increase  in  the  hzmato- 
blasls  as  a  reparative  process  after  severe  hemorrhage  {\  7),  or  after  acute  diseases.  Iq  cachectic 
conditions  this  increase  continues,  owing  to  the  dimini&hcd  non-conversion  of  these  corpuscles  iato 
red  coqiuscles.  In  the  last  stages  of  cachexia  the  number  diminishes  more  and  more  until  the 
formation  of  h.-cmatohliuts  ceases  {^Haytn). 

(5)  Plethora  byperalbuminosa  is  a  term  applied  to  the  increase  of  albumins  tn  the  plasma, 
such  as  occurs  after  taking  a  large  amount  of  food.  A  similar  condition  is  produced  by  transfusing 
(he  serum  of  the  same  species,  whereby,  at  the  same  time,  the  urea  is  increased.  Injection  of  egg 
albumin  produces  albuminuria  {S/oJh'is,  LehmanH). 

[The  subcutaneous  injection  of  humnn  blood  ha?  been  practiced  with  good  results  in  aniemia 
{v.  Ziffttiirn),  When  dclibrinaled  human  blood  is  injected  subculancouily,  while  it?  passage  into 
the  circulation  is  aided  by  massage,  it  causes  neither  pain  nor  inflammation,  but  the  blood  of  animati, 
and  a  solution  of  bxmc^lobio,  always  induce  abscess  (Btmczur).  Blood  is  also  rapidly  absorbed 
when  injected  in  small  amount  into  the  respiratory  passages.] 

MellitKinia. — The  aogar  in  the  blood  is  partly  given  off  by  the  urint,  and  in  "diabetes 
mellitus  "  1  kilo.  (2.2  lbs.)  may  be  given  off  daily,  when  the  quantity  of  uiine  may  ri^e  to  25 
kilos.  To  replace  this  Ions  of  grape  sugar  a  large  amount  of  food  and  drink  is  required,  whereby 
the  urea  may  lie  increased  threefold.  The  increased  produaion  of  sugar  causes  an  increaK^l 
decomposition  of  albuminous  tissues;  hence  the  urea  is  always  increased,  even  though  the  supply 
of  albumin  l>e  insufficient.  The  patient  loses  ftesh;  all  the  glands,  and  even  the  tcslictes.  atrophy 
or  degenerate  (pulmonary  phthisis  is  common);  (he  skin  and  bones  become  thinner ;  the  nervous 
system  holds  out  longest.  The  teeth  l^ecome  carious  on  account  of  the  acid  saliva,  the  crystal- 
line lens  becomes  turbid  &om  the  amount  of  sugar  in  the  fluid  of  the  eye  which  extracu  water 
front  the  lens,  and  wounds  heal  badly  because  nf  the  abnormal  condition  of  the  blood.  Absence 
of  all  carbohydrates  in  the  food  cnuMS  a  diminution  of  the  sugar  in  the  blood,  but  does  not 
cause  it  to  disuippcar  entirely.  [Tlie  itugar  to  ihe  blood  is  also  increased  after  the  inhalation 
of  chlorofonn  or  amyt  nilritc,  and  after  the  use  nf  curaxa,  nilro  benzole,  and  chloral  ({  175)  1  An 
excessive  amount  of  ino$ite  has  been  found  iu  tlic  blood  and  urine  {\  267],  constituting  melUturia^— 
inosita  {Vohl).  ^H 

Lipfemia,  or  an  Increase  of  the  Fat  In  the  Blood,  occurs  after  every  meal  rich  in  fat  (^^.^H 
in  sucking  kittens),  so  that  the  serum  may  become  turbid  like  milk.     Pathologically,  this  occurs  tn  a 
high  degree  in  drunkards  and  in  corpulent  individuals.     When  there  is  great  decomposition  of 
albumin  in  the  body  (and  therefore  in  very  severe  disea.ses),  the  fat  in  the  blood  increases,  and  this 
also  takes  place  after  a  liberal  supply  of  easily  decomposable  carbohydrates  and  much  fat. 

After  injuries  to  bones  affecting  the  marrow,  not  unfrequently  fatty  granules  pass  from  the  marrow 
through  Ihc  imperfect  walKs  of  the  blood  vessels  into  the  t)1ood  stream.  These  fatty  particles  may 
form  fat  emboli,  e.g.,  in  the  liver  or  lungs,  or  they  may  appear  in  the  urine. 

If  granules  of  cinnabar  or  indigo  are  injected  into  the  blood,  they  are  taken  up  by  the  leucocytes, 
and  by  (hero  are  earned  outside  the  blood  stream.  The  cells  of  the  splenic  pulp,  marrow  of  bone, 
and  the  liver  aUo  take  up  tlicse  jwrticles  [SieM). 

The  salts  remain  very  persistcnlly  in  the  blood.  The  w^ithdrawal  of  common  salt  produces 
albuminuria,  and,  if  all  salts  be  withheld,  paralytic  phenomena  occur  {Forsttr).  Over-feeding 
with  salted  fooil,  such  as  salt  meat,  has  caused  death  through  fatty  degeneration  of  the  ti^suea, 
especially  of  the  glands.  Withdrawal  of  lime  and  phosphoric  acid  producer  ntrophy  and  softening 
of  the  bones.  In  infectious  diseases  and  dTO|>!ttes  the  salts  of  the  blood  are  often  increased,  and 
diminished  in  inllammaiion  and  cholera,  [ NaCl  is  absent  from  the  urine  in  certain  stages  of  pneu- 
monia, and  U  is  a  good  sign  when  the  chlorides  begin  to  return  to  the  urine.]     [In  scurvy  the 
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corposculiir  elements  are  dinaiuUhed  in  amount,  but  wc  hsTc  not  precUe  iofornxatton  as  to  ibe  sails, 
aJthough  ihU  disease  is  prevented,  in  persons  forced  lo  live  opon  preserved  and  sailed  food,  by  a 
liberal  ase  or  the  salts— especially  potash  salts — of  the  organic  acids,  as  contained  in  lime  juice. 
In  gout  the  blood,  during  an  acute  ollack,  and  also  in  chronic  gout,  contains  an  excess  of  uric 
acid   {(S.trra*/).] 

The  amount  of  fibrin  is  increased  in  inflammations  of  the  lung  and  pleura  [croupous  pneu- 
monia, erysipelas],  hence  such  blood  forms  a  rn/s/'t  phhgiuica  (J  37).  In  other  diseases,  where 
decocnposiiion  of  the  blood  corpuscles  occurs,  the  tibno  is  increased,  perhaps  because  the  dissolved 
red  corpuscles  ^neld  ntaterial  for  the  fonnalion  of  fibrin.  Af^er  repeated  hemorrhages,  Sigm. 
Mayer  found  an  increase  of  fibrin.  Blood  rich  in  6brin  is  said  to  coagulate  mare  j/ou/ty  than  when 
l«s«  fibrin  is  present — still  there  are  many  exccjxions. 

(B)  (I.)  Diminution  of  the  Quantity  of  Blood,  or  its  Individual  Constituents. — (1) 
Oligemia  vera.  Ansemia.  or  diminution  of  ibc  •.luantily  of  blood  as  a  whole,  occurs  whenever 
there  i.<(  hemorrhage.  Life  is  endangered  in  newly-hom  children  when  they  lose  a  few  ounces  of 
hlood  ;  in  children  a  year  old,  on  losing  half  a  pound;  and  in  adults,  when  one-half  of  the  total 
blood  is  tost.  Women  bear  loss  of  blood  much  better  than  men.  The  periodical  formntion  of  blood 
after  each  menstruation  seems  10  enable  l>lood  lu  lie  renewed  more  rapidly  in  their  case.  Stout 
persons,  old  people,  and  children  do  not  bear  the  loss  uf  blood  well.  The  more  rapiilty  blnod  is 
lost,  tike  more  dangerous  it  is.  [A  moderate  loss  of  blood  is  soon  made  up,  but  the  6uid  part  is 
more  quickly  restored  than  arc  the  corpuscles] 

Symptoms  of  Loss  of  Blood.— Great  loss  of  blood  is  accompanied  by  general  paleness  and 

coldness  of  the  cutaneous  «4irlace,  increased  oppression,  twitching  of  Ihe  eyeballs,  noises  in  the  ears 

ud  vcrtijjio,  lo«  of  voice,    great  breath lessne as,  stoppage  of  secretions,  coma;  dilatation  of  the 

pupils,  involuntary  evacuations  of  urine  and  fxces,  and  lastly,  general  convulsions,  are  sure  signs 

of  death  by  hemorrhage.      In  the  gravest  cases  recovery  \s  only  possible  l>y  means  of  Iraos- 

fosion.     Animals  can  bear  the  loss  of  one-fourth  of  their  entire  blood  without  the  blood  pressure 

in  the  arteries  permanently  falliog,  because  the  blood  vessels  contract  and  accommodate  them- 

Klves  to  the  smaller  quantity  of  blood  (in  conseciucnce  of  the  stimulation  of  the  vasomotor  centre 

in  the  meduilal.     The  loss  of  one-third  of  the  total  hlood  diminishes  the  blood  pressure  conud- 

erably  (one  fourth   in  the  carotid  of  the  dog).     If  Ihe  hemorrhage  is  not  such  as  to  cause  death, 

the  fluid  pail  of  the  blood  and  the  dissolved  salts  are  restored  by  absorption  from  the  tissues, 

the  blood    pressure  gradually  rises,  and   then  the   albumin  is  restored,  though  a  longer  time  U 

Rquired  for  (he  formation  of  red  corpuscles.     At  first,  ibererore,  the  blood   is  abnormally  rich  in 

»iier  ihydr^miat,  and  at  last  ahnomially  poor  in  corpuscles  (oligocythaemia,  hypoglobulie). 

With  the  increased  lym]th  stream  which  pours  into  the  blood,  the  colorless  corpuscles  are  consider* 

ibly  iocreased  above  normal,  and  during  the  period  of  restitution  fewer  red  corpuscles  seem  to  be 

■led  up  (eg-.,  for  bile). 

Afier  moderate  bleeding  from  an  artery  in  animals,  Buntzen  observed  that  the  volume  of  the 
blood  was  restored  in  several  hours;  after  mote  severe  hemorrhage  in  241048  hours.  The  red 
blootl  corpuscles,  after  a  loss  of  blood  equal  to  i.i  to  4.4  per  cent,  of  the  lK>dy  weight,  are  restored 
«a)y  after  7  to  34  days.  The  regeneration  btgim  after  24  hours.  During  the  period  of  regcnc- 
tma  the  number  of  the  blood  corpuscles  in  an  early  .ttage  of  development  is  increasetl.  The 
atwly.rormed  corpuscles  contain  less  lib  than  normal  (y<'(.  6'.  (?//).  liven  in  roan  the  duration 
cif  the  period  of  regeneration  ilcpends  u]>on  the  amount  of  blood  lost  {l.yon).  The  amount  of 
(BnooelotrtQ  is  diminished  nearly  in  pro|X)rtion  to  the  amount  of  the  hemorrhage  {Siizttzerc  and 
Sah-ia/i). 

Ketat>olt5m  in  Aniemia. — The  coHiiition  of  the  metabolism  within  the  bodies  of  anxmic 
pcnons  is  important.  The  decomposition  of  protcids  is  increased  (the  same  is  the  case  in  hunger^, 
■mce  the  excretion  of  urea  is  increased  {Bauer),  The  decomposition  of  fais,  on  the  contrary,  is 
(tiunished.  wliich  stands  in  relation  with  the  diminution  of  CO,  given  ofl.  Anxmic  and  chlorotic 
pamns  put  on  fat  easily.  The  fattening  of  cattle  \%  aided  by  occasional  bleedings  and  by  inter- 
cnrreni  periods  of  hunger  [Ariitaite). 

|3]  An  excessive  thickening  of  the  blood  through  loss  of  water  is  called  Oligsemia  sicca. 
ThK  occurs  in  man  after  copious  water)*  evacuations,  as  in  cholera,  so  that  the  thick  tarry  blood 
tUfoaia  in  the  vessels.  Perhaps  a  similar  condition — though  to  a  less  degree — may  exist  after 
»«r»  Copious  [lersptration. 

[jl  If  the  protcids  in  blood  be  abnormally  diminished  the  condition  is  called  Oli^mia  hjrp- 
aibufflinoaa  ;  they  may  t>e  diminished  alxiut  one-half  They  are  usually  replaced  by  an  excess  of 
«iier  m  the  blood  [so  that  the  blood  is  watery,  constituting  hydracmia].  Loss  of  albumin  from 
the  blood  is  caused  directly  by  albuminuria  (25  grams  of  albumin  may  be  given  off  by  the  urine 
dlllf),  pcnisient  suppuration,  great  In<u  of  milk,  extensive  cutaneous  ulceration,  albuminous  diar- 
rbtxa  (dysentery).  Frequeni  and  co|>ious  hemorrhages,  however,  by  increasing  the  absorption  of 
water  into  the  vcsscU,  at  tirst  produce  oligxmia  hypalbuminosa. 
Tor  the  abnormal  changes  of  tlie  red  and  white  blood  corpuscles,  see  3  10;  f°r  Haemophilia, 


90 


ORGANISMS   IN   THE   HIX)OD. 


[Organlstne  in  the  Blood.— ^The  presence  of  animal  and  vegdable  panuitet  in  the  blood 
|>ivci  rise  to  certain  diseaAen.  Some  of  these,  and  especially  the  vc^^etable  oryaniunK.  have  ittc 
power  of  multiplyinf;  in  the  blood.  The  vcgcuble  forms  belonging  to  the  schizomycetes  are  fre- 
quently spokcD  of  collectively  under  the  title  bacteria.     They  are  clas^vlicd  by  Cohn  into 

I.  Sph.xrobaclcna.  j        III.  De&moliacieria  1      .■...  _     . 

Tf    *«■      V.  -    ■        L-i.-  .  tir    i_-  ■    u    -    ■       ■  exhibit  movements. 

11.  Microbactcna,  exhibit  movements.  |        IV.  Spirobitctena    j 

These  forms  are  shown  in  Fig  23.  The  micrococci  (A)  are  examples  of  I ;  while  Bacterium 
termo  (fi)  is  an  example  of  II.     In  III  the  members  are  short  cylindrical  rods,  iiraight  (Badllus, 
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Fig.  24. 
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A,  micrococcus;    i),  bsclarium  ;   C,  vibno*: 
DituciUi;  E,  spirilluni. 


BacUhi*  anihracK  from  ihc  blood  (ox)  ta 

Eplcnic  fcv«r. 


D)  or  wavy  (Vibrio,  C).  Splenic  fever  of  cattle  u  due  to  the  presence  of  BacillnK  anthracts  (Fig. 
24).  Tliese  rod-shaped  bodies  under  proper  condiiions  divide  iransverscly  and  elongate.  l>ut  ihey 
also  form  spores  in  ihcir  interior,  which  in  turn  under  appiopriate  conditions  may  germinate  (Fig. 
24).  Class  IV  is  represented  by  two  Rcnera,  Spirochnrta  and  Spirillum  {Fig.  23),  the  former  with 
close,  and  the  later  with  open  spirals.  The  SpirochaMa  (Jbermeieri  (ofiett  spoken  of  as  •'.Spirillum") 
is  present  in  the  blood  during  the  paroxysnia  in  persona  suffering  from  relapsing  fever.  Among 
animal  parasites  are  Fitsria  sanguinis,  and  Uilharzia  Ilxinalobia,  which  occurs  in  the  portal  vein 
and  in  the  veins  of  the  urinary  apparatus.] 
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4.2.  GENERAL  VIE'W,— The  blood  within  the  vessels  is  in  a  state  of 
continual  motion,  being  carried /rr^/w  the  ventricles  by  the  large  arteries  (aorta  and 
pulmonary)  and  their  branches  /o  the  system  of 
^api/Iitry  vessels,  from  which  again  it  passes  into 
the  veins  that  end  in  the  atria  of  the  auricles  (fK 
Harvey,  1628). 

The  cause  of  the  circulation  is  the  differencf 
fif  prtisure  \ii\\\i:\\  exists  between  the  blood  in  the 
aorta  and  pulmonary  artery  on  the  one  hand,  and 
the  two  venK  cavae  and  the  four  pulmonary  veins 
on  (he  other.  The  blood,  of  course,  moves  con- 
tinually in  its  closed  tubular  system  in  the  direction 
of  least  resistance.  The  greater  the  difference  of 
pressure,   the  more  rapid    the    movement  will  be. 

The  cessation  of  the  difference  of  pressure  (as  after 

death)  naturally  brings  the  movement  to  a  stand- 

still  {^  Si).      The  circulation  is  usually  divided 

into — 
(1)  The  greater,  or  systemic  circulation, 

which  includes  the  course  of  the  blood  from  the 

left  auricle  and  left  ventricle,  through  the  aorta  and 

all  its  branches,  the  capillaries  of  the  body  and  the 

wins,  until   the  two  vena-  cavce  terminate  in  the 

right  auricle. 
(a)  The  lesser,  or  pulmonic  circulation, 

which  includes  the    course  from   the   right   auricle 

ind  right  ventricle,  the  pulmonary  artery,  the  pul- 
monary capillaries,  and  the  four  pulmonary  veins 

springing  from  them,  until  these  open  into  the  left 

auricle. 
1 3)    The    portal    circulation    is    sometimes 

spoken  of  as  a  special  circulatory  system,  although 

il  represents  only  a  second  set  of  capillaries  (within 

the  liver)  introduced  into  the  course  of  a  venous 

trunk.     It  consists  of  the  vena  portamm — formed 

by  the  union  of  the  intestinal  or  mesenteric  and 

splenic  veins,  and  it  passes  into  the  liver,  where  it  divides  into  capillaries,  from 

which  the  he[)atic  veins  arise.     The  hepatic  vein  joins  the  inferior  vena  cava. 

Strictly  s.peBkinf*,  however,  there  is  no  special  portal  circulation.  Similar  arrangenxents  occur 
wwhcr  onimali  in  difTercnl  orjpins,  <*.  ,f-,  snaltes  have  such  a  system  in  their  supra-renal  capsules, 
*A(i  the  frog  in  its  kidneys.  When  an  ur/frv  splits  up  into  Bne  branches  cjurin^  its  course,  and 
^^ift  bniichcs  do  not  form  capillaries,  hut  reunite  into  an  ancrial  trunt^.  a  rete  mirabtle  is  formed, 
■diu  ocean  in  apes  and  (he  edenlata.  Microticopic  relia  miratiilia  exist  in  the  human  tnesenteiy 
|ii-i4l/).     Similar  arraugemcnU  may  exist  in  connection  with  veins,  giving  rise  to  venous  reiia 
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ARRANGEMENT   OF    THE    CARDIAC    MUSCULAR    FIBRES. 


43.  THE  HEART. — The  muicular  flbres  of  the  mamiBnlian  hf art  consist  of  sboK  (50  I 
70  ft  in  man),  very  tine,  transversely  striated  6bres,  which  arc  nctaal  unicellular  elcmenls,  devoid  1 
a  sarcolcmma  {15  to  25  /j  broad),  and  usually  divided  ai  their  blunt  ends,  by  which  means  the 
anaatomose  and  form  a  network  (Fig.  26,  A,  D).     TIic  individuiil  muscle  cells  contain  in  their  ccnli 
an  oval  nucleus,  and  are  held  tof^ether  by  a  cement  which  is  blackened  )>y  silver  nitrate,  and  du  _ 
wired  by  a  33  per  cent,  solution  of  caustic  {lotash.     This  cement  ii^  also  di.sbolved  by  a  40  per  cent.' 
solution  of  nitric  acid.     The  transverse  stri.i:  are  not  very  distinct,  and  not  unfre'|ucntly  there  is 
an  appearance  of  longitudinal  striation,  produced  by  a  number  of  very  small  granules  arranged  in 
rows  within  the   6bres.      The  fibres  are  gathered  Icngthwi&c  in   bundles,  or  faticiculi,  surrounded 
and  separated  from  each  other  by  delicate  processes  of  the  perimysium.     When  the  cnoncctive 
tisKue  is  dissolved  by  prolonged  boiling,  these  Inindles  can  be  i&ulaied,  and  constitute  the  10  cilled 
"fibres"  of  the  heart.    The  transverse  sectionsof  the  bundles  in  the  auricles  are  polygonal  or  rounded, 
white  in  (he  ventricles  they  arc  <iomcwhnt  tlaitencd.     [The  muscular  mass  of  the  heart  is  calldl  the 
myocardium,  and  is  invtsled  by  fibrous  tissue.     It  is  imjwrtant  to  notice  timl  the  connective  tissue 
of  the  visceral  pericaidium  (epicardiuro)  is  conlltiuous  with  that  of  the  endocardium  by  means  of 
the  perimysium  surrounding  the  bundles  of  mu<;cular  fibre*.]     The  fine  sjMces  which  cxiirt  I»etween 
thche  bundles  form  narruw  lacuna-,  lined  with  epithelium,  and  constituting  part  of  the  lymphatic  s^^- 
tern  of  the  heart. 

[The  cardiac  mascnlar  fibres  occupy  nn  intermediate  portion  between  striped  and  plain  muscular 
Abrcs.  Although  they  are  striped,  they  are  involuntary,  not  being  directly  under  the  influence  uf  the 
will,  while  they  contract  more  slowly  than  «  voluntary  muscle  of  the  skeleton.]     In  the  frog's  heart 

Fig.  26. 


T 


A,  mtMcuUr  fibre*  from  ttie  heart  of  a  mavirDal,  and  C  from  a  (rog;  D.  trai<&rcrsc  KCtian  of  tltc  cantiai;  bbrea. 
4,  connective- 1 iwue  cpfptudc*;  «,  otplIUries. 

the  muscular  fibres  are  in  shape  elongaleil  spindles,  or  fusiform,  in  this  respect  resembling  the  plain 
muscle  cells,  but  they  are  transversely  siripcd  (Fig.  26,  Cl.  They  arc  easily  isolated  by  means  of  a 
a  per  cent,  solution  of  potash  or  dilute  alcohol. 

44.  ARRANGEMENT  OF  THE  CARDIAC  MUSCULAR  FI- 
BRES.— The  study  of  tht:  embryonic  heart  is  the  key  to  a  proper  understanding 
of  the  complicated  arrangemeiit  of  the  fibres  in  the  adult  heart.  The  simple  tubu- 
lar heart  of  the  embryo  has  an  outer  a'rcu/tir  and  an  inwr /ffn^yui/tna/ hycr  o( 
fibres.  The  septum  is  formed  later;  hence,  it  is  clear  that  a  part,  at  least,  of  the 
fibres  must  be  common  to  the  two  auricles,  and  a  part  also  to  the  two  ventricles, 
since  there  is,  originally,  but  one  chamber  in  the  heart.  The  muscular  fibres  of 
the  auricles  are,  however,  compleUiy  separated  from  those  of  the  ventricles  by 
the  fibro-carlilaginous  rings.  In  the  auricles  the  fundamental  arrangement  of 
the  embryonic  fibres  partly  remains,  while  in  the  ventricles  it  becomes  obscured 
as  the  cavities  undergo  a  sac-like  dilatation,  and  also  become  twisted  in  a  spiral 
manner. 

(,1)  The  muscular  fibres  in  the  auricles  are  completely  separated  from  the 
fibres  of  the  ventricles  by  \\\c  fibrous  rings  which  surround  the  auriculo-ventricular 
orifices,  and  which  serve  as  an  attachment  for  the  auriculo-ventricular  valves 
(Fig.  27,  I).  The  auricles  are  much  thinner  than  the  ventricles,  and  their  fibres 
are  generally  arranged  in  two  layers  ;  the  o\xM\  transverse  layer  is  continuous  over 
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both  auricles,  while  the  inner  one  is  directed  iongHudinaliy^  The  outer  transverse 
H  fibres  may  be  traced  from  the  openings  of  the  venous  trunks  anteriorly  and  poste- 
"  riorly  over  the  auricular  walls.  The  longitudinal  fibres  are  sptrcially  well  marked 
where  they  arc  inserted  into  the  fibro-cartilaginous  rings,  while  in  some  parts  of 
the  anterior  auricular  wall  they  are  not  continuous.  In  the  auricuiar  sfptum,somc 
fibres,  circularly  disposed  around  xht  fossa  oi^aiis  (formerly  the  embryonic  opening 
of  the  foramen  ovaie),  are  well  marked.  Circular  hantls  of  striped  muscle  exist 
around  the  veins  where  they  open  into  the  heart  j  these  are  least  marked  on  the 
inferior  vena  cava,  and  are  stronger  and  reach  higher  (2.5  cm.)  on  the  superior 
vena  cava  (Fig.  27,  II).  Similar  fibres  exist  around  the  pulmonary  veins,  where 
they  join  the  left  auricle,  and  these  fibres  (which  are  arranged  as  an  inner  circular 
and  an  outer  longitudinal  layer)  can  be  traced  to  the  hilusof  the  lung  in  man  and 
some  mammals  ;  in  the  ape  and  rat  they  extend  on  the  pulmonary  veins  right  into 
the  lung.  In  the  mouse  and  bat,  again,  the  striped  muscular  fibres  {xiss  so  far  into 
the  lungs  that  the  walls  of  the  smaller  veins  are  largely  composed  of  striped  muscle 
ijSiieda), 
H  Fig.  27. 
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II 

1.  CourM  of  (Ke  nsiMcnUr  (ibrc<  on  Ibc  kft  auHck  with  ihe  outer  trans venK  and  iancr  loniptudlnAl  fibre*,  ihe  circular 
fibrr«  nn  ibc  puttnorury  veins  (p.  ^.)  ,  V,  the  tefl  ventricle  {yak*  Jttid).  II.  Arranffcment  of  the  striped  iDUiCii- 
Iat  Abrct  on  Utc  »iipeHor  vena  c«v«  {Etticktr) — >•,  opening  of  vena  aiycot;  v,  Auricle. 

Circular  muscular  fibres  are  found  where  the  vena  magna  cordis  enters  the  heart, 
and  in  the  I'a/vu/a  Thfhfsii  vtWxch  guards  it. 

Physiological  Significance.  —  (i)  The  auricles  contract  imiepemienUy  o^ 
the  ventricles.  This  is  seen  when  the  heart  is  about  to  die  ;  when  there  may  be 
several  auricular  contractions  for  one  ventricular,  and  at  last  only  the  auricles 
pulsate.  The  auricular  portion  of  the  right  auricle  beats  longest ;  hence  it  is  railed 
the  "ultimum  moriens,"  Independent  rhythmical  contractions  of  the  vena;  cava 
ukI  pulmonary  veins  are  often  noticed  after  the  heart  has  ceased  to  beat.  [This 
beating  can  also  be  observed  in  those  veins  in  a  rabbit  after  the  heart  is  cut  out  of 
ihelKxiy.] 

(2)  The  double  arrangement  of  the  fibres  (transverse  and  longitudinal)  produces 
■  iimulianeous  and  uniform  diminution  of  the  auricular  cavity  (such  as  occurs  in 
most  of  the  hollow  viscera). 

13)  The  contraction  of  the  circular  muscular  fibres  around  the  venous  orifices, 
wd  the  subsequent  contraction  of  the  auricle,  cause  these  veins  to  empty  themselves 
into  the  auricle ;  and  by  their  presence  and  action  they  prevent  any  large  quantity 
of  blood  from  passing  backward  into  the  veins  when  the  auricle  contracts.  [No 
Tilya  are  present  in  the  superior  and  inferior  vena  cava  in  the  adult  heart,  or  in  the 
pflhaoottTy  veins;  hence  the  contraction  of  these  circular  muscular  fibres  plays  an  im- 
portant pan  in  preventing  any  reflux  of  blood  during  the  contraction  of  the  auricles.] 
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ARRANGEMENT   OF   THE   VENTRICULAR    FIBRES. 


45.  ARRANGEMENT  OF  THE  VENTRICULAR  FIBRES.- 
(2)  The  muscular  fibres  in  the  thick  wall  of  the  ventricles  are  arranged  in 
several  layers  (Fig.  2H,  Aj  under  the  pericardium.  First,  there  is  an  outer  hngi- 
iudinal  layer  (A)  which  is  in  the  form  of  single  bundles  on  the  right  ventricle, 
but  forms  a  complete  layer  on  the  left  ventricle,  where  it  measures  about  one- 
eighth  of  the  thickness  of  the  ventricular  wall.  A  second  longitudinal  Xzyct  of 
fibres  lies'on  the  inner  surface  of  the  ventricles,  distinctly  visible  at  the  orifices, 
and  within  the  vertically  placed  papillary  muscles,  while  elsewhere  it  is  replaced 
by  the  irregularly  arranged  trabcculae  carne«.  Between  these  two  layers  there 
lies  the  thickest  layer,  consisting  of  more  or  less  transversely  arranged  bundles, 
which  may  be  broken  up  into  single  layers  more  or  less  circularly  disposed.  The 
deep  lymphatic  vessels  run  between  the  layers,  while  the  blood  vessels  Wc  vi\x\\\j\ 
the  substance  of  the  layers,  and  arc  surrounded  by  the  primitive  bundles  of  mus- 
cular fibres.     All  three  layers  are  not  completely  independent  of  each  other ;  on 


Fig.  28. 


Cotinc  of  ihc  rentricnUr  minciibtr  (ihrc«.     A,nn  ihc  inlenor  surface;  B,  vrcw  oTlhc  apex  with  the  rurtex;  C«j 
counc  of  Ibc  (ibnsk  wlihlii  tbc  rentrictiLu  wxll ;  O,  fibm  |ia&«ing  iiitu  a  [>a|ilIUry  uumJc. 

the  contrary,  the  fibres  which  run  obliquely  form  a  gradual  transition  between  the 
transverse  layers  and  the  inner  and  outer  longitudinal  layers.  It  is  not,  however, 
quite  correct  to  assume  that  the  outer  longitudinal  layer  gradually  passes  into  the 
transverse,  and  this  again  into  the  inner  longitudinal  layer  (as  is  shown  schemat- 
ically in  C)  ;  because,  as  Henle  pointed  out,  the  transverse  fibres  are  relatively 
far  greater  in  amount.  In  general,  the /v//^r  longitudinal  fibres  are  so  arranged  as 
to  cross  the  inner  longitudinal  layer  at  an  acute  angle.  The  transverse  layers 
lying  between  these  two  form  gradual  transitions  between  these  directions.  At  the 
apex  of  the  left  ventricle,  the  outer  longitudinal  fibres  bend  orctirvcso  as  to  meet 
at  the  so<alled  vortex  B,  where  they  enter  the  muscular  substance,  and,  taking  an 
upward  and  inward  direction,  reach  the  papillary  muscles,  P,  D  ;  although  it  is  a 
mistake  to  say  that  all  the  bundles  which  ascend  to  the  papillary  muscles  arise 
from  the  vertical  fibres  of  the  outer  surface  :  many  seem  to  arise  independently 
within  the  ventricular  wall.     According  to  Henle,  all  the  external  longitudinal 
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fibres  do  not  arise  from  the  fibrous  rings  or  the  roots  of  the  arteries.     The  mitral 
orifice  is  surrounded  by  circular  fibres  which  act  like  a  sphincter  {HtnU). 

[Tbe  assumption  that  the  mnsclcii  of  the  ventricle  arc  arranged  so  as  to  fonn  a  figure  of  8,  or  in 
laop«.  Menis  lo  be  incorrect ;  IhuK,  fihrcK  are  satd  to  arise  at  the  base  of  the  venlricle,  to  pass  over 
it,  and  to  reach  the  vortex,  where  they  passinto  the  interior  of  the  muscular  suhstance,  lo  end  either 
fai  th«  papillary  muscles  or  high  op  on  the  inner  surface  of  the  heart  at  its  hose.  Kigs.  C  and  D 
give  a  schematic  represtnlalion  of  this  view.] 

Only  (be  i;cncrBl  arrangerncnt  of  the  ventricular  muscular  fibres  ha>i  been  indicated.  According 
Ito  I'eitigrew,  there  are  »even  layers  in  the  ventricle,  viz.,  three  external,  a  fourth  or  central  layer, 
■Asd  three  internal.  The«e  iniemal  layers  are  cootinuoos  with  the  corresponding  external  layers  at 
Ithe  apea,  thus — one  and  iicven,  two  and  six. 

46.  PERICARDIUM.  ENDOCARDIUM,  VALVES.— The  pericardium  encloses 
within  \\%  two  layers  [viscenil  and  parietal]  a  lymph  space — the  pericardial  space — which  contains 
*   unall  quantity  of  lymph— the   pericardial 

fluid.     It  has  the  structure  of  a  kious  mem*  Flu.  29. 

fcraoet    *'.  r.,   it   consists    of    coHnit(iv<  tissue 
mixed  with  ^ne  elastic  fibra  arranged  in  the 
form  of  a   thin  delicate  memhrane,  and  cov< 
cred  on  its  free  surfaces  with  a  single  layer  of 
epithelium  or  fmiotMium,  composed  of  ir- 
regular, polygonal,  flat  cells.  A  rich  lymphatic 
nttteeri  lies  under  the  pericardiuru  (Kig.  29) 
and  endocardium ;  also  in  the  deeper  layers 
of  the  visceral  pericardium  next  the  heart  and 
between   nutscvlar    bundles    {Suh/ioU).     No 
taomata  exist  either  on  its  visceral  or  parietal 
liyer?^     Aronnd  the  coronary  arteries  of  the 
heart  eaist  lymph  vessels  and  deposits  of  fai, 
«hich  lie  in   the  furrows  and  grooves  In  the 
fMlj«rvi<7  of  the  tficardium  (visceral  layer). 

The  endocardium,  next  the  cavity  of  ihe 
heart,  consists  of  a  single  layer  of  polygonal, 

Rn,nBClcaled  tndoihttial  cells.     [Under  this 

time  is  a  nearly  homogcTieous  hyaline  layer 

(Fig.  JO,  a),   slightly  thicker  on  the  left  side, 

■bich  gives  the  endocardium  ils  polished  ap- 

pexnace.]  Then  follows,  as  the  bum  of  the  memhrane,  a  layer  cXfine  elastic Jihes — stronger  in  the 

iaiiclta,  and  in  some  places  thereof  assuming  the  characters  of  a  fenestrated  membrane.     Uetweca 

that  Bbres  a  small  qnantity   of  connective 
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Lymphatic  of  the  pcncarOiiiin,e|ii>heliuni  suiiieii  with 
ni(rat«  of  «ilver. 
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little  exttts,  which  h  in  larger  amount  and 
more  ueolar  in  its  characters*next  the  myo- 
ardium.  Bundles  of  non-Uripeii  muicular 
fibtcf  I  Few  in  the  auricles)  arc  scattered  and 
*njnged  for  the  most  j^wrt  longitu(lin.illy  be- 
t»«n  the  elastic  fibres.  These  seem  evi- 
dculy  meant  to  resist  the  distenrion  which  is 
m  to  occur  when  the  heart  contracts  and 

n pressure  is  put  upon  the  endocardium. 
leases  where  high  pressure  is  put  upon 
Villi  composed  of  soft  parts,  we  always  find 
omlv  6bres  present,  and  never  clastic 
fibfei  alone.  No  blMd  vesiels  occur  in  ihc 
"■locaidiuin  {Longer). 

The  valves  al»o  belong  to  the 
esdocardiura — both  the  sfmilunar 
vihrt  of  the  aorta  and  pulmonary 
artery,  which  prevent  the  blood  from 

passing  back  into  the  veiilrick's,  and  the  tricuspid  (ri^'A/ auriculo-ventricular)  and 
mitral  (/^/?auriculo-ventricular),  which  protect  the  .luricles  from  the  same  result. 
The  lower  vcrtebrata  have  valves  in  the  orifices  of  the  venae  cavs,  which  prevent 
regurgitation  into  ihetn  ;  while  in  birds  and  some  mammals  these  valves  exist  in  a 
nidimcniar}-  condition.     The  valves  are  fixed  by  their  base  to  resistaot^i''/-('*'J 


Scctloa  of  ihc  rndnordititn.  n.  hyaline:  layer  :  b,  uelwork  ot 
liiic  ela^lii:  fiiittt;  <r,  network  r>rktii>nsei  cUstjc  tit>rc9;  i/. 
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rings,  consisting  of  elastic  and  fibrous  tissue.  They  are  formed  of  two  layers — 
(i)  xht  ^fibrous,  which  is  a  direct  continuation  of  the  fibrous  rings,  and  (a)  a  layer 
of  elastic  elements.  The  elastic  layer  of  the  auriculo-ventricular  valves  is  an 
immediate  prolongation  of  the  endocardium  of  the  auricles,  and  is  directed 
toward  the  auricles.  The  semilunar  valves  have  a  thin  clastic  layer  directed 
toward  the  arteries,  which  is  thickest  at  their  base.  The  connective-tissue  layer 
directed  toward  the  ventricle  is  about  half  the  thickness  of  the  valve  itself. 

The  auriculo-ventricular  valves  also  contain  striped  muscular  fibres.  Ra- 
diating fibres  proceed  from  the  auricles  and  pass  into  the  valves,  which,  when  the 
atria  contract,  retract  the  valves  toward  their  base^  and  thus  make  a  larger 
opening  for  the  passage  of  the  blood  into  the  ventricles ;  according  to  Paladino, 
Ihcy  raise  the  valves  after  they  have  been  pressed  down  by  the  blood  current. 
This  observer  also  described  some  longitudinal  fibres  which  proceed  from  the 
ventricles  to  enter  these  valves.  There  is  also  a  concentric  layer  of  fibres  arranged 
near  their  point  of  attachment,  and  directed  more  toward  their  ventricular  sur- 
face. These  fibres  seem  to  contract  sphincter-like  when  the  ventricle  contracts, 
and  thus  approximate  the  base  of  the  valves,  and  so  prevent  loo  ^reat  tension 
being  put  upon  them.  The  larger  chordae  tendinex  also  contain  striped  muscle, 
while  a  delicate  muscular  network  exists  in  the  valvula  Thebcsii  and  valvula 
Eustachti. 

Purkinjc*8  Fibres  consist  of  an  anasiomo&ing  system  of  grayish  fibres  which  exist  in  the  nib- 
en  docardml  tissue  of  the  ventricles,  especially  in  the  heart  of  the  sheep  and  ox.  The  fibres  arc 
made  up  of  polyhedral  clear  cells,  containing  some  granalar  protopla&m,  and  usually  two  nuclei 
(Fig.  3 1  J.     The  margins  of  the  cells  are  striated.    Transition  forms  are  foutul  between  these  c«Il» 

and  the  ordinary  cardiac  fibrci>i  in  fact, 
FlC  31.  these  cells  become  continuous  with  the 

true  fully  developed  cardiac  fibres.  They 
represent  cells  which  have  been  arrested 
in  their  development.  They  are  absent 
in  man  and  the  lower  vertebrates,  but  in 
birds  and  some  mammals  they  are  well 
marked  {^Sfh-uffigf^tr-Snde!^  KanvUr). 
J,      ^fakiAP'  '^^HB        Blood  Veesets  occar  in  the  auriculo- 

W!**     ^BS^  ^^P^    ventricular  valves  only  where  muKular 

fibres  are  preteni,  white  the  semilunar 
;.  valves  are  u&ually  devoid  of  vessels  except 
_£•  ai  iheir  base.  The  Iwst  figures  of  the 
blood  vessel  of  the  valves  arc  given  by 
Langer.  The  network  of  lymphatics 
in  the  endocardium  reaches  toward  the 
middle  of  the  valves. 

Weight  of  the  Heart. — According 
PurkinK.  fibr«  UoUtcd  whh  diiu,.  .icohol.    r.  e«n : /;  .tnat«i  to  W   Mullcr  the  proi^ftion  between  the 
■utntAucc;  H,  oudciiv    X  jwl  weight  of  the  L>ody  and  the  heart  in  the 

child,  and  until  the  body  rcaciic**  40  kilos., 
is  5  grms.  of  heart  substance  to  f  kilo,  of  body  weight ;  when  the  body  weight  is  from  50  to  90  kilc'i. 
the  ratio  is  i  kilo,  to  4  grms.  of  heart  substance ;  at  100  kilo.s,  3.5  grms.  As  age  advances,  the 
auricles  become  stronger.  The  right  ventricle  is  half  the  weight  of  the  left.  The  weight  of  the 
heart  of  an  adult  man  is  about  309  grms. ;  female,  274  grms.  [According  to  Lacnncc  the  heart  is 
about  the  sire  of  the  closed  (in  of  the  individual.]  lilosfeld  and  Dicbcrg  give  346  grms.  for  the 
male,  and  3to  to  340  grms.  for  the  female  heart.  The  ip^cijic grmnty  of  llic  heart  muscle  is  L.069. 
The  thickness  of  Ihe  left  veniricle  in  the  middle  in  roan  is  it.4  mm.,  and  in  woman  11.13;  '^^  ^f 
the  right  is  4.1  and  3.6  mm.  respectively. 

47.  AUTOMATIC  REGULATION  OF  THE  HEART.— Anatomical  Inveattga. 
tions. — The  two  coronary  arteries  arise  from  the  first  ]>art  of  the  aoita  in  the  region  of  ibc  sinus 
of  Valsalva.  The  position  of  origin  varies — (1)  either  the  orifices  lie  within  the  sinu^,  or  yi) 
their  oi>eningR  arc  only  partially  reached  by  the  margins  of  the  semilunar  valves  (which  ii  ututilh 
the  case  in  the  /eft  coronary  artery  of  man  and  the  ox),  or  (3)  their  orifices  lie  clear  above  the 
margins  of  the  valves.  I'ost.moriem  observations  seem  to  show  that  during  contraction  of  the 
ventricle  it  is  very  improbable  that  the  semilatur  valves  conitanlly  cover  the  origin  of  the  coro- 
nary arteries. 
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Automatic  Regulation  of  the  Heart. — Hriiclce  attempted  to  show  that 
during  the  systole,  or  contraction  of  the  ventricle,  the  semilunar  valves  covered 
the  openings  of  the  coronary  arteries,  so  that  these  vessels  could  be  filled  with 
blood  only  during  the  diastole  or  relaxation  of  the  ventricle.  To  him  it  seemed 
that  (*i)  the  diastolic  61ling  of  the  coronary  arteries  would  help  to  dilate  the  ven- 
tricles;  (3)  on  the  contrary,  a  systolic  filling  of  these  arteries  would  oppose  the 
contraction,  because  the  systolic  filling  and  expulsion  of  the  blood  from  the 
coronary  arteries  would  diminish  the  force  of  the  ventricular  contraction.  [To 
this  supposed  arrangement  Briicke  gave  the  name  "  Selbststeuerung,"  which  may 
be  rendered  as  above,  or  as  *'self*controlling"  action  of  the  heart  by  the  aortic 
valves.] 

Ar^^uments  against  BrCicke's  View. — The  following  considerations  miUtaie  af^itiKt  (his 
theory  :  (i)  Filling  ihe  coronary  vessels  under  a  high  pressure  in  a  dead  heart  causes  a  iihrtinuiioM 
of  the  Ycntriculir  cavity  {v.  iVit/UA).  (2)  The  chief  trunks  of  the  coronary  arteries  lie  in  loose 
friib  fiericardial  fatty  tissue  in  the  cardiac  sulci,  hence  a  dilnlation  of  the  ventricle  through  thit 
agency  U  tnoU  unVAicXy  {/.antioh).  (3)  Kx|>eritnent5  011  animals  have  Jilinwn  thnt  a  coronnty 
Miery  spouts,  like  all  arteries,  during  the  systole  nf  (he  ventricle.  Von  Ziemssen  found  that  in  the 
aue  of  ■  wnmon  who  had  a  large:  part  of  the  anterior  wall  of  the  thorax  removed  l)y  an  operation, 
ifae  heart  licing  covered  only  liy  a  thin  membrane,  the  pulw  in  the  cnmnary  arteries  was  synchro- 
n'>u«  with  the  pulse  in  ihc  pulmonary  artery.  II.  N.  Mnrtin  and  Scd>;wick  placed  a  manometer  in 
cunoection  wiin  the  coronary  artery,  and  another  with  the  carotid  in  a  lar^c  do^,  and  they  found 
thai  the  put&ations  occurred  simultaneously.  When  3  coronary  artery  is  divided,  the  blood  Rows 
oat  coDttnuously,  hut  undergoes  acceleration  during  the  systole  of  the  ventricles  (Endemonn, 
Ptrts).  (4)  If  a  strong  intermittent  current  of  water  t>e  allowed  to  flow  through  a  sufficiently  wide 
tube  into  the  left  auricle  of  a  fresh  pig's  hcftrt,  so  that  the  water  passes  into  the  aorta,  and  if  the 
ai>rta  be  provided  with  a  vertical  tul>e.  the  water  Hows  continuously  from  the  coronary  arteries,  and 
is  acceleratetl  during  the  systole.  (5]  It  is  exceedingly  Improbable  that  tlie  coronary  arteries  should 
be  Blled  during  the  diastole,  while  all  the  other  arteries  are  tilled  during  systole  of  the  ventricle.  (6) 
'('here  is  always  a  sufficient  qnanltiy  of  blood  in  the  sinus  of  Valsalva  to  fill  the  arteries  during  the 
first  pan  of  the  systole.  (7)  The  valves,  when  raised,  arc  not  applied  directly  to  the  aortic  wall 
{liamhrgfr,  RiidiMiitr)  even  by  the  most  energetic  pressure  from  the  stT\\T\(M  {Stjndhorg  and 
Wvrm  AfHiUr).  (8)  (Observations  on  voluntary  muscles  have  shown  that  the  small  arteries  dilate 
durinf*  contraction  of  the  muscle,  and  the  blood  stream  is  accelerated.  (9)  Hy  the  systtdic  filling 
of  the  aoru  the  arterial  path  is  elongated — this  elastic  distenTion  b  compensated  bcfoTC  the  diastole 
occttt*.  FJy  the  recoil  of  the  aortic  wslls  ihc  layer  of  blotKl  in  tliein  is  driven  backward  ami  closes 
Ihc  valves  (Ceradini).  According  to  Sandborg  and  Worm  MOIlcr,  the  semilunar  valves  close  just 
after  the  ventricles  have  Iw^n  tu  relax,  which  agrees  with  the  curve  obtained  from  the  cardiac 
impulse  (Fig.  39,  A). 

During  the  systole,  the  small  arterial  tranks  lying  next  the  ventricular  cavities 
have  to  bear  a  higher  pressure  than  that  borne  by  the  aorta,  and  their  lumen  must 
l>e  compressed  during  the  systole  so  that  their  contents  are  propelled  toward  the 
veins. 

Peculiarities  of  the  Cardiac  Blood  Vessels. — The  aipiUary  vfsteh  of  the  myocardium  are 
v«ry  numerous,  corrcs[>ondinu  to  Ihe  energetic  activity  of  the  heart.  Where  they  pass  into  veins, 
several  unite  at  once  to  form  a  wide  venous  trunk,  whereby  an  easy  passage  is  offered  to  the  blood. 
The  i-fiiti  are  pro\ided  with  valves  sn  that  fi)  during  systole  of  the  right  auricle  the  venom 
HTtam  is  inicirupted ;  (3)  during  contraction  of  the  ventricles,  the  blood  in  the  coronary  veins  is 
siaulaily  accelerated  as  in  the  veins  of  muscles.  The  coronary  arteries  are  characterized  by 
their  very  thick  connective  tissue  and  elastic  intima,  which  perhaps  accounts  for  the  frequent 
ecmrrence  of  atheroma  of  these  vessels  {ffenJf).  Some  observers  maintain  (hot  the  coronary 
■rtnin  do  not  anastomose,  but  this  is  denied  by  Langer  and  Krausc.  [West  has  injected  the  one 
wcTf  from  the  other.]  Many  of  the  small  lower  vertebrates  have  no  blood  vessels  in  their  heart 
■Mcle,  r.  i'.,  frog  illyrtl). 

Ligature  of  the  Coronary  Arteries. — ^The  phenomena  prodticed  by  par- 
tial obliteration  or  ligature  of  the  coronary  arteries  are  most  important  In  roan 
uulogous  conditions  occur,  as  in  atheroma  or  calcification  of  these  arteries.  S^e 
ud  others  have  ligatured  the  coronary  arteries  in  dogs,  and  found  that  after  two 
■inates  the  cardiac  contractions  gave  place  to  twttchings  of  the  muscular  fibres, 
Md  ultimately  the  heart  ceased  to  beat.  Ligature  of  the  anterior  coronary  artery 
iloiie,  or  of  both  its  branches,  is  sufBcient  to  produce  this  result.  If  the  coro- 
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nary  arteries  be  compresfied  or  tied  in  a  rabbit  in  the  angle  between  the  bulbu$ 
aorise  and  Ihe  ventricle,  the  heart's  action  is  soon  weakened*  owing  to  the  sudden 
anaemia  and  to  the  retention  of  the  decomposition  products  of  the  metabolism  in 
the  heart  muscle.  Ligature  of  one  artery  first  affects  the  corresponding  ventricle, 
then  the  other  ventricle,  and,  last  of  all,  the  auricles.  Hence,  compression  of 
the  /f//  coronary  artery  (with  simultaneous  artificial  respiration  in  a  curarized 
animal)  causes  slowing  of  the  contractions,  especially  of  the  left  ventricle,  while 
the  right  one  at  first  contracts  more  quickly,  and  then,  gradually,  its  rhythm  is 
slowed.  The  contractions  of  the  left  ventricle  are  not  only  slowed  but  also 
weakened,  while  the  right  pulsates  with  undiminished  force.  Hence  it  follows 
that,  as  the  left  half  of  the  heart  cannot  expel  the  blood  in  sufficient  quantity, 
the  left  auricle  becomes  filled,  while  the  right  ventricle,  not  being  affected, 
pumps  blood  into  the  lungs.  OCdema  of  the  lungs  is  produced  by  the  high  pres- 
sure in  the  pulmonary  circulation,  which  is  propagated  from  the  right  heart 
through  the  pulmonary  vessels  into  the  left  auricle  {Samur/stfn  and  Griinhagen'). 
According  to  SJg.  Mayer,  protracted  dyspncta  causes  the  left  ventricle  to  beat 
more  feebly  sooner  than  the  right,  so  that  the  left  side  of  the  heart  becomes  con- 
gested. Perhaps  this  may  explain  the  occurrence  of  pulmonary  oedema  during 
the  death  agony. 

Cohnheim  and  v.  Schullheu-Rcchberg  found,  afler  ligature  of  one  of  Ihe  lai^e  branches  of  a 
coronary  anery  in  a  dog,  that  at  the  end  of  a  mtnuic  the  pulsations  become  ioiennideni.  This 
intermittence  becomes  more  pronounced,  the  two  hides  nf  the  heart  do  not  contract  MmuUaneou»ly 
farhythmia),  the  heart  beats  more  slowly,  antl  the  blood  pressure  falls.  Suddenly,  about  toj 
seconds  after  the  ligature  I3  applied,  both  ventricles  cease  to  beat,  and  there  is  a  great  fall  of  the 
blooil  pressure.  After  an  arrc.«  laMing  for  lo  to  zo  seconds,  twitching  movements  occur  in  the 
ventricles,  while  the  auricles  pulsate  regularly,  and  may  continue  to  do  so  for  many  minutes,  but 
the  ventricles  cease  lo  beat  altogether  after  50  RCCondR.  Acconling  to  Lulcjanow,  tlierc  is  a  peri- 
siiUiic  condition  which  operates  upward  and  downward,  and  occurs  in  the  period  Iwtween  the 
re}^Iar  contraction  and  the  Iwitchini;  vibratory  movement.  Stimulation  of  the  vagoadocs  not  arrest 
these  pcnslaitic  movements. 

Pathotog'ical. — In  so-called  sclerosis  of  the  coronary  arteries  in  old  age,  there  are  attacks  of 
diminis-hett  cardiac  activity,  weakness  of  the  heart,  an  ahered  rhythm  and  frequency,  with  conse- 
quent breathlcssness;  there  may  also  t)e  loss  of  consciousness,  congestions,  and  attacks  of  pulmotmry 
fedema.     Dc:ith  may  lake  place  unexpectedly  from  suddtn  arrest  of  ihc  heart's  action. 

48.  MOVEMENTS    OF    THE    HEART.— Cardiac    Revolution.— 

The  movement  of  the  heart  is  characterized  by  an  alternate  contraction  and 
relaxation  of  its  walls.  The  total  cardiac  movement  is  called  a  "cardiac 
revolution"  or  a  "  cardiac  cycle,"  and  consists  of  three  acts — the  contraction 
or  systole  of  the  auricles^  the  contraction  or  systole  of  the  ventricles^  and  the  pause 
(Fig-  50).  During  the  pause,  the  auricles  and  ventricles  are  relaxed  ;  during  the 
contraction  of  the  auricles  the  ventricles  are  at  rest ;  while  during  the  contraction 
of  the  ventricles  the  auricles  are  relaxed.  The  rest  during  the  phase  of  relaxation 
is  called  the  diastole.  The  following  is  the  sequence  of  events  in  the  heart  during 
a  cardiac  revolution  :  — 

(A)  The  blood  flows  into  the  auricles,  and  thns  distends  them  and  the 
auricular  appendices.     This  is  caused  by — 

(1)  The  pressure  of  the  blood  in  the  venx  cavae  (nglit  side)  and  the  pulmonary 
veins  (left  side)  being  greater  than  the  pressure  in  the  auricles,  (a)  The  elastic 
traction  of  the  lungs  (^  68),  which,  after  complete  systole  of  the  auricles,  pulls 
asunder  the  now  relaxed  and  yielding  auricular  walls.  The  auricular  appendages 
are  also  filled  at  the  same  time,  and  they  act  to  a  certain  extent  as  accessory 
reservoirs  for  the  large  supply  of  blood  streaming  into  the  auricles. 

(B)  The  auricles  contract,  and  we  observe  in  rapid  succession — 

(i)  The  contraction  and  emptying  of  the  auricular  appendix  toward  the  atrium. 
Simultaneously  the  mouths  of  the  veins  become  narrowed,  owing  to  the  contraction 
of  their  circular  muscular  fibres  (more  especially  the  superior  vena  cava  and  the 
pulmonary  veins);    (3)  the  auricular  walls  contract  simultaneously  toward  the 
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aoriculo- ventricular  valves  and  the  venous  orifices,  whereby  (3)  the  blood  is  driven 
into  the  relaxed  ventricles,  which  are  considerably  distended  thereby. 

The  contraction  of  the  auricles  is  followed  by 

(«)  A  slight  stagnation  of  the  blood  in  the  large  venous  trunks,  as  can  be 
observed  in  a  rabbit  after  division  of  the  pectoral  ronscles  so  as  to  expose  the 
junction  of  the  jugular  with  the  subclavian  vein.  There  is  no  actual  regurgitation 
of  the  blood,  but  only  a  partial  interruption  of  the  inflow  into  the  auricles,  because 
the  mouths  of  the  veins  are  contracted,  and  the  pressure  in  the  superior  vena  cava 
and  pulmonary  veins  soon  holds  in  equilibrium  any  reflux  of  blood ;  and  lastly, 

Fig.  32. 
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t^of  tht  ▼entiicle*  nf  itic  human  henn  viewed  from  ^M^Hi/und  ubove;  the  walla  h&ve  been  removed,  and  only  ih* 
fiWott*  iint;«  3im1  (he  auHrirln-v«»iricuUr  v:ilv«i  nre  reuiticd.  L,  left.  R,  rtght  ventricle:  S.m:)"'"";  r ,  IcA 
fivDiH  rinr,  with  Rtitral  vatrc  closed  ;  D,  richt  lit)TX>us  ring,  with  iricutpld  closed ,  A,  Aorta,  with  the  left  (C|) 
Bad  rifbt  (Cj  coronary  arteries ;  S,  slnai  of  Val^va ;  P,  pulmonary  ftrlery. 


beciuse  any  reflux  into  the  cardiac  veins  is  prevented  by  valves.  The  movement 
of  the  heart  causes  a  regular  pulsatile  phenomenon  in  the  blood  of  the  venue  cavae, 
which  under  abnormal  circumstances  may  produce  a  venous  pulse  (see  §  99). 

(*)  The  chief  motor  effect  of  the  contraction  of  the  auricles  is  the  dUatation  of 
tht  rtlaxed  ventricte,  which  has  already  been  dilated  to  a  slight  extent  by  ihc  elastic 
tnaitm  of  the  lungs. 

Aspttttion  of  the  Ventriclea. — The  fHUtation  of  the  ventricles  has  been  ascribed  lo  the 
^Hiicitjr  of  the  muscDlar  walls — the  stronglv  contracted  ventricular  walls  (like  a  compressed  india- 
nbbirfaag),  in  yinue  xi\  their  elas(icit)r,  are  (uppnsed,  in  returning  to  their  normal  resting  form,  to 
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sack  in  or  aspirRte  the  blood  under  a  negative  pressure ;  this  power  on  ihe  port  of  Ihe  ventricle  is 
not  great  (see  Iwlov). 

ic)  When  the  ventricles  are  distended  by  the  inflowing  blood,  the  auriculo- 
ventricular  valves  are  floated  up,  partly  by  the  recoil  or  reflexion  of  the  blood  from 
the  ventricular  wall,  and  partly  owing  to  their  lighter  specific  gravity,  whereby 
they  easily  float  into  a  more  or  less  horiionlal  position.  The  valves  arc  also  raised 
to  a  slight  extent  by  the  longitudinal  muscular  fibres,  which  pass  from  the  auricles 
into  the  cusps  of  the  valve. 

(C)  The  ventricles  now  contract,  and  simultaneously  the  auricles  relax, 
whereby — 

(i)  The  muscular  walls  contract  forcibly  from  all  sides,  and  thus  diminish  the 
ventricular  cavity,  (2)  The  blood  is  at  once  pressed  against  the  under  surface  of 
the  aiiriculo-ventricular  valves,  whose  curved  margins  are  opposed  to  each  other 
like  teeth,  and  are  pressed  hermetically  against  each  other  (Fig.  32).  It  is  impos- 
sible for  the  blood  £0  push  the  cusps  backward  into  the  auricle,  as  the  chorda 
tendincsc  hold  fast  their  margins  and  surfaces  like  a  taut  sail.  The  margins  of  the 
neighboring  cusps  are  also  kept  in  apposition,  as  the  chordae  tendineae  from  one 
papillary  muscle  always  pass  to  the  adjoining  edges  of  two  cusps.  The  extent  to 
which  the  ventricular  wall  is  shortened  is  compensated  by  the  contraction  of  the 
papillary  muscle,  and  also  of  the  large  muscular  chordae,  so  that  the  cusps  cannot 
be  pushed  into  the  auricle.  When  the  valves  are  closed,  their  surfaces  are  hori- 
zontal, so  that,  even  when  the  ventricles  are  contracted  to  their  greatest  extent, 
there  remains  in  the  supra- papillary  space  ?i  small  amount  of  blood  which  is  not 
expelled  {Sandbar^  and  Worm  MiilUr').  (3}  When  the  pressure  within  the  ven- 
tricles exceeds  that  in  the  arteries,  the  semilunar  valves  are  forced  ojwn  and 
stretched  like  a  sail  across  the  pocket-like  sinus,  without,  however,  being  directly 
applied  to  the  wall  of  the  arteries  (pulmonary  and  aorta),  and  thus  the  blood  enters 
the  arteries. 

(D)  Pause. — As  soon  as  the  ventricular  contraction  ends,  and  the  ventricles 
begin  to  relax,  the  semilunar  valves  close  (Fig.  i^\.  The 
diastole  of  the  ventricles  is  followed  by  the  pause.  Un- 
der normal  circumstances,  the  right  and  left  halvesof  the 
heart  always  contract  or  relax  uniformly  and  simultane- 
ously. 

Negative  Pressure  in  the  Ventricle. — Gokz  and  Gaulc  found 
that  ihcrc  was  n  ne_i;ntnte pr enure  of  23.5  mm.  Hg  (dog)  In  the  in- 
lerior  or  the  venlricle  during  a  certain  phase  of  the  heart's  action. 
This  they  determined  by  a  maximal  and  minimal  manomtier.  They 
surmised  thai  this  phase  coinciflcd  with  ilic  tiias(viu  diCa^tion,  for 
which  ihcy  assumed  a  considerable  power  of  aspiration.  Moens  is 
of  opinion  tlmt  this  negative  pressure  within  the  ventricle  obtains 
ihoftly  before  the  syUoU  has  reachi^H  its  height,  i.  /.,  just  before  the 
inner  surface  of  the  ventricles  and  the  vjtlvcs,  after  the  blood  ii  ex- 
pcllcd,  arc  ncarljr  itt  apposition.  I  Ic  explains  this  aspiration  as  being 
doe  to  the  formation  of  an  cni[)ty  space  in  the  ventricle  caused  by  the 
energetic  expulsion  of  the  blood  through  the  aorta  and  pulmonary 
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[Maxiraum  and  Minimum  Manometer. — Into  the  tube  connecting  the  interior  of  the  ventricle 
of  the  heart  with  the  iTdinary  U-sh.ipcJ  mercury  manometer, ts  introduced  Ihe  maximum  monome- 
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ler.  utiich  i^  conUnicied  on  ihe  priocii^e  of  a  boll  and  cop  valve  (Fig.  34),  ihe  hall  A  Iwing  kejit 
doaed  in  B  by  a  spring  C.  To  make  it  a  maximum  manometer,  the  end  A  is  connected  with  the 
Iieart,  and  B  with  the  mercurial  nianuiiielcr  ( I'lj;-  35).  When  a  clamp  is  placed  on  the  upper  lirah 
ttie  valve  is  acted  on  only  at  each  systole  of  the  heart,  blood  i»  driven  beyond  it^  but  during  diastole 
it  cIo>c%  and  no  blood  can  rclurn.  This  ijocs  on  until  the  pressure  beyond  the  valve  in  the  mercury 
manometer  tk  the  same  as  in  the  liean.  [f  the  valve  he  reversed,  it  is  convened  into  a  minimam 
muioiDetcr.] 

4g-  PATHOLOGICAL  CARDIAC  ACTION.-^Cardiac  Hypertropby.— All  resiilajices 
lo  the  movement  of  the  blood  throui^h  the  various  chamliert  of  the  heart,  and  through  the  ve«e1s 
commanicating  with  it,  cause  a  greater  amnuni  of  work  to  he  thrown  upon  the  portion  of  the  heart 
Mjecially  related  lo  this  pari  of  the  circulatory  sy<ilem  ;  conscfiucntly,  there  is  produced  an  increase  in 
the  thicksesft  of  the  muscular  walls  and  dilatation  of  the  heart.  If  !he  resistance  or  obstacle  does  noi 
ad  upon  ffmr  part  of  the  heart  alone,  but  on  {arts  lying  in  the  onward  direction  of  the  hlood  stream, 
ibesc  parts  also  sulaequcnlly  undergo  hypertrophy.  If,  in  addition  to  the  muRCular  thickening  of  a 
part  of  the  hean.  the  cavity  is  siinuluneously  dilated,  it  is  spoken  of  as  eccentric  hypertrophy  ar 
hypwtfophy  •with  dilatation.  The  obstacles  moat  likely  to  occur  in  tlie  bhoJ  Vfiseh  are  narruwioK 
of  the  lumen  or  want  of  elasticity  in  their  walls;  in  the  heart,  narrowing  of  the  arterial  or  venotis 
on6ccsorin«u/ticiency  or  incompetency  uf  the  valves.  Incumpetencyofthe  valves  forms  an  ohstntction 
to  the  movement  of  the  blood,  by  allowing  part  of  the  blood  to  dow  back  or  regurgitate,  thus  ihrow- 
Id£  extra  work  upon  the  heart. 

Thus  arise — (l)  Hypertrophy  of  the  left  ventricle,  owing  to  resistance  in  the  area  of  the  sys- 
tcnic  circnlatkm,  espeaally  in  the  arteries  and  capillaries — not  in  the  veins.  Among  the  causes 
are — constriction  of  the  orifice  or  other  parts  of  the  aorta,  calci^cation,  atheroma,  and  want  ofelRs- 
ricity  of  the  large  arteries  and  irregular  dilatations  or  aneurisms  in  iheir  course ;  insufficiency  of  the 
acetic  valvcSf  to  which  case  the  same  prc&surc  always  obtains  within  the  ventricle  and  in  the  aorta ; 
aad,  lastJy,  cirrhosis  of  the  kidneys,  whereby  the  excretion  of  water  by  these  organs  is  diminished. 
Even  in  mitral  insufiiciency.  compensatory  hypertrophy  of  ihe  left  ventricle  must  occur,  owing  10 
the  hypertrophy  of  the  left  atrium  in  consequence  of  the  increased  blood  pressure  in  the  pulmonary 
circvtt. 

(x)  Hypertrophy  of  the  left  auricle  occurs  in  stenosis  or  constriction  of  the  lefi  auriculo-ven- 
tricnlar  orifice,  or  in  insulTictency  of  the  mitral  valve,  and  It  occurs  also  as  a  result  of  audic 
insufiiciency,  because  the  auricle  has  lo  overcome  tlie  continual  aortic  pressure  within  the  ven- 
iricle. 

(j)  Hypertropby  of  the  right  ventricle  occurs  (a)  when  there  \h  resistance  to  the  blood  stream 
tbrongb  the  pulmonary  circuit.  The  rrsist.incc  may  be  due  to  (a)  obliteration  of  large  vascular 
ureaa  in  consequence  of  destruction,  shrinking  or  compression  of  the  lungs,  and  the  disappearance 
of  namcrous  capillaries  in  emphysematous  lungs;  (/?)  overfilling  of  the  pulmonary  circuit  with  blood 
in  consequence  of  sientwis  of  ihe  left  auriculo-veuiricular  orifice,  or  mitral  in suAiciency consequent 
upon  hypcnrophy  of  the  left  auricle  resulting  from  aortic  insutlicieQcy.  {b)  When  the  valves 
of  the  pulmonary  artery  are  insufficient,  thus  permitting  the  blood  to  flow  back  into  the  ven- 
tricle:, *o  that  the  pressure  within  the  pulmonary  artery  prevails  within  Ihe  right  venCride  (very 
fare). 

(4)  Hypertrophy  of  the  right  auincle  occurs  in  consequence  of  the  last-named  conditioD,  and 
aUo  from  stenosis  of  the  tricuspid  orifice,  or  insufBciency  of  the  tricuspid  valve  (rare). 

Artificial  Injury  to  the  Valves.  —  If  the  aortic  valves  are  perforated,  with  or  without 
nvallaoAoiis  injury  to  the  mitral  or  tricuspid  valves,  the  heart  does  more  work  ;  llius  the  physical 
deCed  b  overcome  for  a  time,  so  that  the  blood  pressure  does  not  fall.  The  heart  seems  to  have 
a  stue  of  reserve  energy  which  is  called  into  play.  Soon,  however,  dilatation  takes  place, 
on  account  of  the  regurgitation  of  the  blood  into  the  heart.  Hypertrophy  then  occurs,  but 
iKc  cocnpeusation  meanwhile  must  be  obtained  through  the  rcser\'e  energy  of  the  heart  {O. 
RtuuAa/A). 

Inpeded  Diastole.— Among  cauiei  which  hinder  the  diastole  of  the  heart  are — copious  effusion 
imo  the  pericardium,  or  the  pressure  of  tumors  upon  the  heart.  The  systole  is  greatly  interfered  with 
«ticn  the  heart  is  united  to  the  pericardium  an<l  to  the  connective  tissue  in  the  mediastinum.  As  a 
evmequcttce  tlie  connective  tissue,  and  even  the  thoracic  wall,  are  drawn  in  during  contraction 
of  the  heart,  so  that  there  is  a  retraction  of  the  region  of  the  apex  beat  during  systole,  and  a  protrusion 
of  this  pan  during  the  diastole. 

fPiqritatioQ  is  a  symptom  indicating  generally  very  rapid  and  quick  action  of  the  heart,  the 
fwuiooa  often  being  unequal  in  lime  and  intensity,  while  the  person  is  generally  conscious  of  the 
wtpilirity  of  the  cardiac  action.  It  may  be  due  to  some  vr^anu  condition  of  the  heart  itself,  espc- 
cuU]r  where  thp  cardiac  muscles  are  weak,  in  cases  of  dilatation  and  hypertrophy  of  the  left  ventricle, 
*fcere  the  heart  is  gradually  becoming  unable  to  overcome  the  resistances  olTercd  to  its  work,  and 
■^ttkny  during  exertion  when  the  heart  is  taxed  above  its  stTcngth.  It  may  also  occur  where  the 
Votx)  pnsure  it  low,  as  in  anxmia.  so  that  the  heart  contracts  quickly,  there  being  little  resiAtance 
"npand  (o  its  action.     The  excitability  of  the  cardiac  muscle  may  be  increased,  as  in  fatty  heart. 
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when  very  slight  exertion  may  excite  it  often  in  a  paroxysmal  way.     In  other  cases,  it  is  nervctu  in 
Its  origin,  liemf;  either  diect  or  reflex.    In  very  emaiinnal  an<l  excitable  people  [especimlly  in  wonten)^H 
it  is  easily  set  up,  and  in  some  people  it  may  be  produced   reflekly  by  gastric  or  intestinal  irritalioa^H 
or  dys[)e)»ia.     It  also  fretjuently  resulta  from  excesses  uf  all  kinds  and  the  overuse  of  tobacco.^' 
The  remedies  lo  be  used  obviously  depend  on  the  cause.     Where  the  blood  pressure  is  low.  as  in 
xniemia,  digiialis  and  iron  will  do  good;  the  former   by  increasing  the  blood  pressure,  and  the 
Utter  by  improving  the  general  nutrition  of  the  body  and  the  blood  in  particular.      In  neurotic  cases 
cardiac   sedatives   are   indicated,  while   in  cases   due  to  indigestion   hydrocyanic  acid  is   oseful 

[Fainting  or  Syncope, — In  fainting,  the  person  loses  consciousness,  owing  to  a  sudden  arrest 
of  the  blood  gupf>ly  tu  the  brain,  the  face  i&  pallid,  the  respiration  is  feeble  or  ceases,  while  the 
heart  beats  but  feebly  or  not  at  all.  The  defective  supply  uf  blood  to  the  brain  may  depend  u|>an 
ludden  arrest  of  ihe  henn's  action,  caused,  it  may  be,  by  n  fright,  or  the  heart's  action  may  be 
arrested  reflexly.  Any  cause  which  suddenly  diminishes  the  blood  pressure  may  produce  il,  or 
when  pressure  is  suddenly  removed  from  the  large  vessels,  as  in  lapping  the  abdomen  in  ascites, 
without  at  Ihe  same  time  giving  sufficient  support  to  the  abdominal  viscera.  When  a  person  has 
been  lon^  in  the  recumbent  position,  on  being  rapidly  set  up  in  bed  he  may  faint.  In  some  forms 
of  hcait  disease,  sudilen  exertion  or  change  of  posture  may  produce  it.] 

[Treatment. — The  object  is  to  restore  consciousness  and  the  actiotv  of  the  heart.  Place  the 
peoon  in  the  huri/onial  fosition,  keep  the  head  low,  even  lower  than  the  body,  and  do  not  support 
It  with  pillows.  Dashing  cold  water  on  the  face,  so  as  lo  stimulate  the  fifth  nerve,  usually  succeeds 
in  causing  the  person  to  take  a  deep  inspiralion.  In  other  cases  a  snitf  of  smelling  salts  or  ara- 
monia,  acting  through  the  nasal  branch  of  the  fifth  nerve,  will  excite  the  cardiac  and  respiratory 
functions  ({  368).] 

50.  THE  APEX  BEAT,  CARDIOGRAM.— Cardiac  Impulse.— By 
the  term  '*  apex  beat  "  or  '*  cardiac  impulse  "  is  undei^tood,  under  normal 
circurastanccSf  an  elevation  (perct;ptibic  to  touch  and  sight)  in  a  circumscribed 
area  of  the  yi/M  /<// intercostal  space,  and  caused  by  the  movement  of  the  heart. 
[The  apex  beat  is  felt  in  the  fifth  left  intercostal  space,  2  inches  below  the  nipple, 
and  I  inch  to  its  sternal  side,  or  at  a  point  3  inches  to  the  left  of  the  sternum.] 
The  impulse  is  more  rarely  felt  in  the  fourth  intercostal  space,  and  it  is  much  less 
distinct  when  the  heart  beats  against  the  fifth  rib  itself.  The  position  and  force 
of  the  cardiac  impulse  vary  with  changes  in  the  position  of  the  body. 

[The  cardiac  impulse  is  synchronous  with  the  systole  of  the  heart,  bat  although  this  name  and 
apex  beat  arc  fretjuenily  aicd  as  synonymous  terms,  it  is  to  be  rememlwred  that  the  impulse  may 
be  caused  by  different  parts  of  the  heart  being  in  contact  with  the  chest  wall.  The  cardiac 
impulse  is  usually  higher  than  normal  in  children,  while  it  is  lower  during  Inspiration  than  expira- 
tion.] 

[Methods. — To  obtain  a  curve  of  the  apex  beat  or  a.  cardio^am,  we  may  use  one  or  other  of 
the  following  cardiographs  (Fig.  36).  Fig.  36,  A,  is  Ihc  first  form  used  by  Marey,  and  il  consists 
of  an  oval  wooden  capsule  applied  in  an  air-iighi  manner  over  the  ajkix  beat.  The  disk,  fi, 
capable  of  being  regulated  by  the  screw,  s,  preucs  upon  the  region  of  the  apex  beat,  while  /  is 
a  tube  which  may  be  connected  with  a  recording  tambour  (Fig.  47).  B  is  an  improved  form  of 
the  instrument,  consisting  essentially  of  a  tambour,  while  oiiached  to  the  membrane  is  a  button, 
/,  to  lie  appheil  over  the  apex  beat.  The  movements  of  the  air  within  the  capsule  are  com- 
municated by  the  tutic,  /,  to  a  recording  tambour.  Fig.  j6,  C,  is  the  panaphygmograph  of 
Brondgeest,  which  consists  of  a  Marey's  tamliour,  in  an  iron  hor»c-»hoc  frame,  and  adjustable 
by  means  of  a  screw,  /.  Hurdon  Sanderson's  cardiograph  is  shown  in  V.  The  button,^,  carried 
by  the  spring,  e,  does  not  rett  upon  the  cantitchnuc  membrane,  but  on  an  aluminium  plate 
attached  to  it.  'ITie  apjjAratus  is  adjusted  to  the  chest  by  three  supports.  Fig.  36,  E.  shows 
ft  modi6ed  inslrumenl  on  the  same  principle,  by  (Jrumroach  and  v.  Knoll.  In  all  these  figures 
the  /  indicates  the  exit  tube  communicating  with  a  recording  tambour  (Fig.  47).  D  and  E  may 
be  used  for  other  purposes,  e.  ff.,  for  the  pulse,  so  that  they  are  polygraphs.     See  also  Fig.  76.] 

Fig.  39,  A,  shows  the  cardiogram  or  the  impulse  curve  of  the  heart  of  a  healthy 
man  ;  6,  that  of  a  dog,  obtained  by  means  of  a  sphygmograph.  In  both  the 
following  points  are  to  be  noticed:  a6,  corresponds  to  the  time  of  the  pause 
and  /Ae  contraction  of  the  auricles.  As  the  atria  contract  in  the  direction  of  the 
axis  of  the  heart  from  the  right  and  above  toward  the  left  and  below,  the  apex 
of  the  heart  moves  toward  the  intercostal  space.  The  two  or  three  smaller 
elevations  are  perhaps  caused  by  the  contractions  of  the  ends  of  the  veins,  the 
atiricular  appendices,  and  the  atria  themselves. 
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ventricular   impulse   has  been   much   discussed. 

depends  upon  the  following: — 

(i )  The  base  of  the  heart  (auric- 
ulo-ventricular groove)  represents 
during  diastole  a  transversely' 
placed  ellipse  (Fig.  40,  I,  FG). 
while  during  contraction  it  lias  a 
more  circular  figure,  ab.  Thus, 
the  long  diameter  of  the  ellipse 
CFG)  is  diminished,  the  small 
diameter  dc  is  increased,  while 
tfie  base  is  brought  nearer  to  the 
chest  wall  e.  This  alone  does  not 
cause  the  impulse,  but  the  basis  of 
the  heart,  being  hardened  during 
the  systole  and  brought  nearer  to 
the  chest  wall,  allows  the  apex 
to  execute  the  movement  which 
causes  the  impulse  (p.  103). 
(a)   During  relaxation,  the  ventricle  lies  with  its  apex  (Fig.  40,  II,  x)  obliquely 


'the  upper  curve  Ifom  the  human  carotid  ;  the  loM^cr  a  cBnjio- 
Itnim  taken  ^imultancoiisly. 


Kr«.  39. 


^>^_y,/('rfWW«ftVA^'' 


CurrMrrom  ihca|>ex  bcai  A,  normal  curve  iroiin);  B,  from  a  (log ;  C.vcry  rapid curv«  (<log>:  DandE,  normal  cunrca 
(oiar))  regtMcrcd  on  a  vibr^iuDi  ctuft  plaic  where  each  Indenuiion  —  0.0161  j  tec.  In  all  the  currca  ab  niMlia 
contraction  of  the  auricles,  and  M  of  tn«  vcntricka  ;  d^  cloauic  of  the  aortic,  and  t,  o(  the  polmtMMrr  val*^;  f^ 
diaaiolt  of  the  vealrick. 

downward,  and  with  its  long  axis  in  an  oblique  direction — so  that  the  angles  (Sri, 
ad)  formed  by  the  axis  of  the  ventricles  with  the  diameter  of  the  base  are  unequal 
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during  systole  it  represents  a  regular  cone,  with  its  axis  at  right  angles  to  its 
base.  Hence,  the  apex  (i)  must  be  erected  from  below  and  behind  (/),  forward 
and  upward  (//tf/Tcj' — •*  cor  sese  erigere  "),  and  when  hardened  during  systole 
presses  itself  into  the  intercostal  space  (Fig.  40,  II). 

(3)  The  ventricles  undergo  during  systole  a  sh'ght  spiral  twisting  on  their  long 
axis  ("  lateralcm  inclinationem  " — Ilanry),  so  that  the  apex  is  brought  from  be- 
hind more  forward,  and  thus  a  greater  portion  of  the  left  ventricle  is  turned  to 
the  front.  This  rotation  is  caused  by  the  muscular  fibres  of  the  ventricles,  which 
proceed  from  that  part  of  the  fibrous  rings  between  the  auricles  and  ventricles 
which  lies  next  the  anterior  thoracic  wall.  The  fibres  pass  from  above  obliquely 
downward,  and  to  the  left,  and  also  run  in  part  upon  the  posterior  surface  of  the 
ventricles.     When   they  contract  in  the  axis  of  their   direction,  they  tend  to 
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I  'rltr  —Mr  h«ru4nU)  ««<tt>in  thr<>iich  th«  heart,  liing:^.  and  ihorax.  to  «?iow  the  chinc«  of  «hap«  which  ihe  liiae  «t 
AckCMI  uMdcfgor*  during  cootrscltoii  tA  ihc  v«niric)c— K,  G,  inins*cr««  OinmcMr  of  ihe  vcnimtc  iluring  dtu. 
tnlc  :  t,  pflaitinn  of  (h«  thnrsicic  vmll  :  •»,  S,  Iran^vene  ctiaineittr  of  the  hran  ^unii);  ty«liile,  w'rlh  r,  pnilion  ot 
tbeant«il«t  tbor^rk  wall  during  tyatole.     II.  Side  view  nf  the  hean — i,  apex  ilurins  diaitulc  ;  /,  during  lyttole. 

nise  the  apex,  and  also  to  bring  more   of  the   posterior  surface  of  the  heart  in 
ttUlion    with   the  anterior  thoracic   wall.     It  is  favored  by  the  slightly  spiral 
vrangement  of  the  aorta  and  pulmonary  artery. 
These  arc  the  most  important  causes,  but  the  minor  causes  are — 
I  UJ  The  "  r^aclion  impulse  "  or  "  recoily*  or  that  movement  which  the  ventricles 

^  arcMid  to  undergo  (like  an  exploded  gun  or  rocket),  at  the  moment  when  the 
H  blood  is  discharged  into  the  aorta  and  pulmonary  artery,  whereby  the  apex  goes 
H  rathe  opposite  direction,  /.  /■.,  downward  and  slightly  oiuward.  I^andois,  how- 
H  e»r,  has  shown  that  the  mass  of  blood  is  discharged  into  the  vessels  0.08  of  a 
H  second  after  the  beginning  of  the  systole,  while  the  cardiac  impulse  occurs  with 
■  titeftnt  sound. 
H  (S)  When  the  blood   is  discharged  into  the  aorta  and  pulmonary  artery,  these 
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vessels  are  slightly  ehngateif,  owing  to  the  increased  blood  pressure.  As  the  heart 
is  suspended  from  above  by  these  vessels,  the  apex  is  pressed  slightly  doom- 
ward  and  forward  toward  the  intercostal  space  (?). 

As  the  cardiac  impulse  is  obscrvcil  in  the  empty  hearts  or  dead  animals,  (4)  and  (5]  are  certainly 
of  only  second  rate  importance.  Filebne  and  I'enteoldt  maintain  that  the  apex  dnring  sy!4ole  does 
nut  mnve  to  the  left  and  downward,  as  must  be  the  case  in  (4}  and  {5},  but  that  it  moves  upward 
and  to  the  right — a  result  corroborated  by  v.  Ziemssen.  [Uarr  attributes  the  cause  of  the  impulse 
to  the  rigidity  or  hardening  of  the  ventricle  during  systole,  to  the  rotatory  movement  and  lengthening 
downu-ard  uf  the  blood  column  in  the  aorta  and  pulmonary  artery,  while  toward  the  end  of  the 
systole  the  maximum  of  recoil  takes  place  and  also  contributes  to  cause  it.] 

It  is  to  Iw  rememlwrcd   that   as  the  apeit   is  ahvays  applied   to  the  chest  wall,  separated  from   it 
merely  by  the  thin  margin  of  the  lung,  it  only  presses  against  the  intercostal  space  dunng  systole  ^ 
(A'tiftrrA). 

After  the  apex  of  the  curve,  c,  has  been  reached  at  the  end  of  the  systole,  th€ 
curve  falls  rapidly,  as  the  ventricles  quickly  become  relaxed.  In  the  descending 
part  of  the  curve,  at  //and  /,  are  two  elevations,  which  occur  simultaneously  ttith 
the  second  soumi.  These  are  caused  by  the  sudden  closure  of  the  semilunar 
valves,  whereby  an  impulse  is  propagated  through  the  axis  of  the  ventricle  lo  its 
apex,  and  thus  causes  a  vibration  of  the  intercostal  space  ;  ^  corresponds  lo  the 
closure  of  the  aortic  valves,  and  e  lo  the  closure  of  the  pulmonary  valves.  The 
closure  of  the  valves  in  these  two  vessels  is  not  simultaneous,  but  is  separated  by 
an  interval  of  0.05  to  0.09  sec.  The  aortic  valves  close  sooner  on  account  of  the 
greater  blocfb  pressure  there.  Complete  diastolic  relaxation  of  the  ventricle 
occurs  from  e  to/  in  ihe  curve. 

It  is  clear,  then,  that  the  cardiac  impulse  is  caused  chiefly  by  the  contraction  ol 
the  ventricles,  while  the  auricular  systole  and  the  vibration  caused  by  the  closure 
of  the  semihmar  valves  are  also  concerned  in  its  production. 

[Change  in  Shape  of  Heart. — The  experiments  of  Ludwig  and  Hesse  on 
the  heart  of  the  dog  show  that  the  shape  of  the  ventricles  varies  remarkably  in 
systole  and  tJiastole,  and  that  the  shape  of  the  heart  as  found  post-mortem  is  not 
its  natural  sha|>c.] 

[Method. — Bleed  a  dog  rapidly  from  the  carotids,  defibrinate  the  blood,  expose  the  hcftrt,  cm 
graduated  straight  tubes  into  the  pulmonary  artery  and  aorta,  and  ligature  the  auricular  vessels. 
I'our  the  blood  into  the  heart  until  it  is  dilated  under  a  prcuure  equal  to  the  mean  arterial  prcssarc 


Fig.  41. 


Fi«.  42. 


Fi«.  43. 


Projection  of  a  dojS  heart. 
Pmlerior  surucc. 


Anlerior  lurface. 


\x{\  Uleral  furfUc-c. 


(150  rooi.).  The  vcntnclcs  ore  in  the  diastolic  phase,  the  auricles  still  pulsate.  A  plaster  cast  b 
now  rapidly  made  of  the  \-entricles.  This  represents  the  diastolic  phase.  To  obtain  whit  may  be 
regarded  as  the  systolic  phase,  a  heart,  similarly  prepared  but  emptied  of  blood,  is  suddenly  plunged 
into  a  hot  (50°  C.)  saturated  solution  of  pota^sic  bichromate,  when  the  heart  gives  one  rapid  and 
Anal  contraction  and  remains  permanently  contracted,  owing  to  the  heat  rigor,  its  protcids  being 
coagulated  {\  295).  This  is  the  systolic  phase.  Little  pins  with  twisted  points  are  previously 
inserted  in  the  organ  to  mark  certain  parts  of  both  hearts  for  comparison.] 

I^In  diastole,  the  shape  of  the  ventricle  is  hemtspheroidal,  the  apex  being  rounded, 
while  the  posterior  surface  is  flatter  than  the  anterior  (Fig.  41).     In  the  plane  of 
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the  ventricular  base,  the  greatest  diameter  is  from  right  to  left,  and  the  shortest 
from  base  to  apex.  The  conus  arteriosus  is  above  the  plane  of  the  base.  During 
syitoU,  the  apex  is  more  pointed,  the  ventricle  more  conical,  while  all  the  diameters 
m  the  plane  of  the  base  arc  equally  diminished,  hence  the  vertical  measurement 
from  base  to  apex  is  longer  now  than  either  of  the  diameters  at  the  base  (Fig.  43). 
The  conus  arteriosus  sinks  toward  the  plane  of  the  base,  while  the  base  of  the 
ventricle  becomes  more  circular,  so  that  the  difference  of  the  curvatures  of  the 
anterior  and  posterior  surfaces  van- 
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ishes  (Fig.  42).  In  all  these  figures 
the  shaded  part  represents  diastole 
and  the  clear  part  systole.  The  most 
remarkable  point  is  that  the  vertical 
measurement  remains  unchanged. 
This  refers  to  the  left  ventricle,  which 
of  course  forms  the  apex;  the  right 
is  shortened.  The  plane  of  the  ven- 
tricular base  in  systole  is  about  onc> 
half  of  what  it  is  in  diastole,  as  is 
shown  in  Fig.  44.  Thus  the  heart  is 
diminished  in  all  its  diameters  except 
one,  the  arterial  orifices  are  scarcely 
affected,  while  the  area  of  the  auriculo-ventricular  orifices  (M,  T)  is  diminished 
about  one-half  (Fig.  45).  This  is  most  important  in  connection  with  the  closure 
of  the  auriculo-ventricular  valves  ;  as  it  shows  that  the  muscular  fibres  of  the  heart, 
by  diminishing  these  orifices  during  systole,  greatly  aid  in  the  perfect  closure  of 
these  valves.  Thus  we  explain  why  defective  nutrition  of  the  cardiac  muscle  may 
give  rise  to  incompetency  of  these  valves,  without  the  valves  themselves  being 
diseased  {Macaiister).'\ 

[In  order  to  account  for  the  vertical  diameter  remaining  unchanged,  we  may 
represent  the  ventricular  fibres  as  consisting  of  three  layers,  viz.,  an  inner  and 
otiCcT  set,  more  or  less  longitudinal,  and  a  middle  set,  circular.  Both  sets  will 
lend,  when  they  contract,  to  diminish  the  cavity,  but  the  shortening  of  the  longi- 
tudinal layers  is  compensated  for  by  the  contraction,  i,  «*.,  the  elongation  produced 
by  the  circular  set.] 

fin  order  to  obuin  ttie  shape  of  the  cavities,  dogs  were  taken  of  the  same  titter  and  ai  nearly 
■like  as  possible.  One  heart  was  tilled  with  lilr>o<1,  as  already  described,  and  placed  in  a  cool 
lolotkm  of  polftS-MC  bichromate,  whereby  it  was  slowly  hardened  in  the  diastolic  form,  while  the 
other  was  plunged,  aii  before,  into  a  hot  solution.     Casts  were  then  made  of  the  cavities.] 

)t.  THE  TIME  OF  THE  CARDIAC  MOVEMENTS.— Methods.— The  time  occupied 
bf  the  various  ph^ies  of  the  mtn'fmfnts  of  the  heart  may  be  determined  by  studying  the  apex  beat 
Oirve. 

(1)  If  *e  know  at  what  rale  the  plate  on  which  the  curve  was  obtained  moved  during  the 
apchment,  of  course  all  that  is  necessary  is  to  measure  the  distance,  and  so  calculate  the  lime 
oecvpictl  by  any  event  (see  I*ul5C,  \  67). 

(2)  It  is  preferable,  however,  to  cause  a  tuning  fork,  whose  rale  of  vitiation  is  known,  to  write 
in  iSHBdaas  under  the  curve  of  the  ai>ex  beat,  or  the  curve  may  be  written  upon  a  plate  attached 
U)  a  vibrating  tuning  fork  (Fig.  39,  D,  E).  Such  a  curve  contains  fine  teeth  caused  by  the  vihrations 
Altbe  tuning  fork.  D  and  E  arc  curvet  obtained  from  the  cardiac  impulse  in  this  way  from  healthy 
ttadenli.  Id  D  the  notch  </  is  not  indicated.  Each  complete  vibration  of  the  tuning  fork,  reckoned 
faw  spcx  to  apex  of  tlie  teeth  =  0.01613  second, so  that  it  is  simply  necessar>-  to  count  the  number 
«(tectb  and  multiply  10  obtain  the  time.  The  values  obtained  vary  within  certain  limits  even  la 
Mslth, 

The  value  of  a  ^  ^  pause  -|-  contraction  of  the  auricles,  is  subject  to  the 
gfnttst  variation,  and  depends  chiefly  upon  the  number  of  heart  beats  per  minute. 
The  inore  quickly  the  heart  beats,  the  shorter  is  the  pause,  and  conversely.  In 
%at  curves,  even  when  the  heart  beats  slowly,  it  is  scarcely  possible  to  distinguish 
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the  auricular  contraction  (indicated  by  a  rise)  from  the  part  of  the  curve  corres* 
ponding  to  the  pause  (indicated  by  a  horizontal  line).  In  one  case  (heart  beats 
55  per  minute)  the  pause :=  0.4  second,  the  auricular  contraction  =  0.177  second. 
In  Fig.  39,  A,  the  lime  occupied  by  the  pause  -j-  the  auricular  contraction  (74 
beats  per  minute)  =  0.5  second-  In  D,  a  ^=  19  to  20  vibrations:=  0.32  second  ; 
in  E  =  26  vibrations  =  0.42  second. 

The  ventricular  systole  is  calculated  from  the  beginning  of  the  contraction 
6,  to  e  when  the  semilunar  valves  are  closed  ;  it  lasts  from  the  first  to  the  second 
sound,  it  also  varies  somewhat,  but  is  more  constant.  When  the  heart  beats 
rapidly.it  is  somewhat  shorter — during  slow  action  longer.  In  Ez=o.32  second  ; 
in  D  =  0.29  second  ;  with  55  beats  per  minute  Landois  found  it  =  0.34,  with  a 
very  high  rate  of  beating  =^  0.199  second. 

When  the  ventricles  beat  feebly,  they  contract  more  slowly,  as  can  be  showo  by  appIying^  the 
reg»lering  n<pparaiux  to  I  lie  heart  of  nn  animal  juiC  killed.  In  Fig.  4<>,  from  ibc  ventncle  ol  n  ratibii 
jnst  killed,  the  slow  heart  beats,  U,  are  seen  to  last  Ibntjest.  In  cases  of  enormous  hyperuophy  and 
dilatatian  of  the  left  ventricle,  the  duration  of  the  vcntrieiiUr  systole  Is-  not  longer  than  normal 

In  calculating  the  lime  occupied  by  the  ventricular  syslfilewc  must  remember — (l)  TAe^  time 
$ttuven  the  tW9  icunJs  of  the  heart,  ;'.  e,,  from  the  bcRinning  of  the  iirst  to  the  end  of  the  scccmd 
sound  (if  to  <').  ( 2 )  The  time  the  blood ^ows  into  tke  aorta,  which  comes,  to  an  end  at  the  depreilioo 
between  ^  and  d  (in  Kig.  39,  E).  Its  commencement,  however,  does  not  coincide  with  A.  as  the 
aortic  valves  open  0.085  to  0.073  second  after  tbe  bc^innin^  of  the  ventricular  systole.  Hence  the 
aortic  current  lasts  0.08  to  0.09  second.     This  is  calculated  in  tbe  following  way:  The  time  tietwren 


Fig.  46. 


Curves  recorded  by  the  vcotiicic  of  a  nt>bit,  imon  a  vtlmiinj:  plate  nl(»i:hcd  I'j  .-i  tuning  lorV  (vibration  —  otaa6i}' 
••eC).     A,  tuun  2iler  dcftth  ,   B,  from  iht  dying  v«DlricIc 

the  first  sound  of  the  heart  and  the  pulse  in  (he  axillary  artery  is  0.137  second,  and  of  this  time  0.053 
•eoond  is  occupied  in  the  pro|.tagation  of  the  pulse  wave  along  tbe  30  cm.  of  artery  lying  between  the 
root  of  Ibc  aorta  and  the  axilla  Thus  the  pulse  wave  in  the  aorta  occurs  0.137  minus  0.052  =r 
0,olt5  second  after  the  beginning  of  the  Brst  tound.  The  current  in  the  pulmonary  arter)-  is  tntei- 
rupted  in  the  depression  between  J  and  e.  {3)  Lastly,  tht  time  occupied  by  tk*  muscHlar  contraction 
fif  the  vtniriclft  which  liegins  at  b,  reaches  Its  greatest  extent  at  c,  and  is  completely  relaxed  at  f. 
The  apex  of  the  curve,  c,  may  be  higher  or  lower  according  to  the  flexibility  of  the  intercostal  space, 
hence  the  position  of  c  varies.  In  hypcrtru]ihy  with  dilatation  of  the  left  ventricle,  the  durattoa  of 
the  ventricular  contraction  does  not  greatly  exceed  the  normal. 

The  time  which  elapses  between  //and  e^  i.e.,  between  the  complete  closure  of 
the  aortic  and  pulmonary  valves,  is  greater  the  more  the  pressure  in  the  aorta 
exceeds  that  in  the  pulmonary  artery,  as  the  valves  are  closed  by  the  pressure 
from  above,  and  the  difference  in  time  may  be  0.05  second,  or  even  double  that 
time,  in  which  case  the  second  sound  appears  double  (com])are  §54).  If  the  aortic 
pressure  diminishes  while  that  in  the  pulmonary  artery  rises,  d  and  f  may  be  so 
near  each  other  that  they  are  no  longer  marked  as  distinct  elements  in  the  curve. 

The  time,  </>  during  which  the  vcDtricles  relax  varies  somewhat:  o. i  second 
may  be  taken  as  a  mean. 

Accelerated  Cardiac  Action. — When  the  action  of  the  heart  is  greatly  acceleratul,  the  p«o»e 
is  considerably  shortened  in  the  first  instance  {Dondtrt),  and  to  a  less  extent  the  lime  of  con- 
traction of  the  auricles  and  ventricles.  When  the  pulse  rate  is  very  rapid,  the  systole  of  (he  atria 
ootncidtfs  with  lli«  closure  of  the  arterial  valvos  of  the  preceding  contraction,  as  is  shown  in  Fig.  y^ 
G(4og); 
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Mnrey'»  re):utcriii,(  i^mlKttir.  T,  metallic  capkule. 
uiiK  thiu  india-nibbcr  <ireiched  ov«r  tc,  »na 
be.-irini:  an  Bluminiiim  ilklcwhi*  h  xcu  upon  the 
wriltng  lew«r.  H.  lly  mcgui^  if  a  thicli-witlletl 
caoiitct)i>iic  nil"C,  it  may  be  coiiiiccteit  wiih  any 
4y^icin  <^i>iiuiitiit|;  air,  loas  to  fccurd  vjrixtiotu 
Df  prcuurc. 


In  eegUterinfr  the  cardiac  impulse,  the  Apparatus  is  Mparalcd  \*y  n  greater  or  less  depiK  of  soft 
pttts  from  Ihe  hrart  itself,  90  that  in  all  cases  the  intercostal  tissues  do  not  follow  exacily  the  moTe- 
Bents  of  the  heart,  and  thus  the  curve  obiaineiJ  may  not  coincide  mathematically  with  the  move- 
ments  of  tJie  heart-  It  is  desimhle  that  curves  be  obtained  from  persons  whose  heaits  «rc  exposed, 
»./..  lo  case*  of  ectopia  cordis. 

Cleft    Slemuin. — tiilAcm     inscribed  cardiograms  I":i;.   47. 

from  th?  heiirl  of  a  man  with  cleft  sternum.  The 
follow  iag  were  the  ic&ults  obtained  :  Auricular  con- 
iraciioD  =  o.  1 1 5  ;  ventricular  contraction  [6,1^)^ 
Q.zH',  diHerencc  between  closure  of  valves  (d^,  ^)  "= 
0.09;  ventricular  diaotole  ^e,/)  ^=  o.tt ;  pause  = 
o_4S  second. 

Endocardial  Pressure.— In  large  mam- 
mals, such  as  the  horse,  Chauvcau  and 
Marey  (t86i)  determined  the  duration  of 
the  events  that  occur  within  the  heart,  and 
also  the  endocardial  pressure  by  means  of  a 
cardiac  sound.  Small  elastic  bags  at- 
tached to  tubes  were  introduced  through  the 
jugular  vein  into  the  right  auricle  and 
ventricle.  Each  of  these  tubes  was  con- 
nected with  a  registering  tambour  f  Fig.  47), 
and  simultaneous  tracings  of  ihe  variations 
of  pressure  within  the  ravilies  of  the  heart 
were  obtained  by  causing  the  writing  points 
of  the  levers  of  the  tambours  lo  write  upon  a  revolving  cylinder. 

Fig.  4S,  A,  gives  the  result  oUained  when  one  (;lasiic  bag  was  placed  in  the  ri^^Iit  auricle, 
being  inlrrwluccd  through  the  jagular  vein  and  superior  vena  cava;  U,  when  the  other  bag  pushed 
ihrouKh  the  tricuspid  orifice  was  in  the  ri^ht  ventricle;  D,  in  the  root  of  the  aorta,  pushed  in 
through  the  carotid;  C,  puslietl  post  the  semilunar  valves  into  the  leA  ventricle;  while  at  £  a 
simiUr  bag  hat  l>een  placed  ekternatly  between  the  heart's  npct  and  the  inner  wait  of  the  chest.  In 
all  esses  v  =:  auricular  contraction ;  V,  that  of  Ihe  ventricle ;  i,  closure  of  semiluDar  valves,  sooner 
in  C  than  B ;  F  =  pause. 

Methods. — ( I )  The  cardiac  sound  consists  of  a  tube  containing  two  separate  air  pafunges.  and 
in  Connection  with  each  of  these  tiicrc  is  a  iinall  elaNtic  hag  or  ampulla.  One  of  the  Uigs  w  lixed 
to  the  free  end  of  the  sound,  and  communicates  with  one  of  the  air  passages.  The  other  bag  is 
placed  in  connection  with  the  second  air  passage  in  the  sound,  and  at  )>uch  a  distance  that,  when 
the  former  lug  lies  within  the  ventricle,  the  tatter  is  in  the  auricle.  Each  bag  and  air  tul>e  com- 
municating with  it  h  connected  with  a  Marey's  tambour  (Fig.  47),  provided  with  a  lever  which 
iitscribes  its  moveraeots  upon  a  revolving  cylinder.  .Any  variation  of  pressure  within  the  auricle  or 
ventricle  will  aHect  the  elastic  ampuUiv,  and  thus  raise  or  depress  the  lever.  Care  must  lie  taken  that 
the  writing  points  nf  the  levers  are  placird  exactly  above  each  other.  A  tracingof  the  cardiac  impulse 
u  taken  simuttaneousty  by  means  of  a  cardiograph  attached  to  a  separate  tamlMiur. 

It  has  still  to  be  determined  whether  the  a\iric]es  and  ventricles  act  alternately, 
so  that  at  the  moment  of  the  beginning  of  the  ventricular  contraction  the  auricles 
relax,  or  whether  the  ventricles  are  contracted  while  the  auricles  still  remain  slightly 
contracted^  so  that  the  whole  heart  is  contracted  for  a  short  time  at  least.  The 
latter  view  was  supported  by  Harvey,  Donders,  and  others,  while  Halkrand  many 
of  the  more  recent  observers  support  the  view  that  the  action  of  the  auricles  and 
vetilriclcs  alternates.  In  the  case  of  Frau  Sera5n,  whose  heart  was  exposed,  v. 
ZioRssen  obtained  curves  from  the  auricles,  which  showed  Ihat  the  contraction  of 
iKeauricles  continued  even  after  the  commencement  of  the  ventricular  systole.  In 
*M»rcy's  cnrve  the  contraction  of  the  ventricle  is  represented  as  following  that  of 
the  auricle  (Fig.  48). 

[(2)  Rollesion  used  a  special  apparatus  which  was  connected  with  the  interior  of  the  heart,  and 
^  fcid*  that  there  is  no  distinct  rise  of  pressure  in  th*e  dog  within  the  ventricles  corresponding  to 
Ifce  svncular  systole  such  as  was  obtained  by  Marcy  in  the  horse.  During  the  ventricular  diastole 
■aofiun  cases  the  [n-cssure  falls  lielow  the  atmospheric  pressure,  and  may  t>c  eijual  to  — 2D  mm* 
■•Kwy  or  tDore  in  the  left  ventricle  (^  48).     It  is  probably  catued  by  the  elastic  expansion  of  the 
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ventricle  continuing  after  the  blood  in  the  auricle  at  the  moment  or  the  ceaution  of  the  Tentricular 
systole  has  entered  the  ventricle,  i.t.,  the  quantity  of  blood  in  the  auticlc  is  not  sufficient  in  all  casci 
to  (lihtcnd  the  left  ventricle  to  the  point  ax  whicli  M  auction  action  ceases,  Magini,  operating  no 
dogi  with  a  trocar  which  perforated  the  cavities  of  the  heart,  found  none  of  the  secondary  elevation* 
obtained  by  Marey  with  hi;*  sound.] 

A.  Fick  regards  the  altcmatinR  contraction  ax  a  means  whereby  the  prcMurc  in  the  large  vckhik 
trunks  is  kept  nearly  constant.  At  the  moment  of  ventricular  systole  the  auricles  relax,  and  the 
venous  blood  (lows  fre«ly  into  the  latter,  while  if  the  auricles  remained  contracted,  the  blood  in  the 
veins  would  be  kept  back.  I-'urther,  at  the  moment  of  ventricular  diastole  the  auricles  contract, 
90  thill  there  is  nut  an  abnormal  diminution  of  the  pressure  in  the  veins.  Thus  the  pressure 
in  the  auricle  is  more  equable,  while  the  curreot  in  the  lermiaal  pans  of  the  veins  is  kept  more 
constant. 

Fig.  48. 


l>- 


-l^^ 


i.Gecund 


>«  Right  Aurkt< 


•  Rlfiht  Vcntnctc 


^  Uft  Ventricle. 


-  Aorta. 


.Ordlac  Impuk^ 


Curvet  obiaioct]  from  the  htart  of  x  hone  by  the  cardiac  wud:L 


sa.  PATHOLOGICAL  CARDIAC  IMPULSES.— Change  in  the  Position  of  £ttae 
Apex  Beat.— The  position  of  the  cardiac  impulse  is  changed — (1)  by  the  accumulation  of  flnids 
(serum,  pus,  blood}  or  gas  in  one  pleural  cavity.  A  copious  citusion  into  the  left  pleural  cavity 
compresses  the  Ititig,  and  may  displace  the  heart  toward  the  right  side,  while  effusion  on  the  right 
side  may  push  the  heart  more  to  the  left.  As  the  right  heart  must  make  a  greater  effort  to  protiel . 
Ihe  tilood  through  the  compressed  lung,  the  cardiac  impulse  is  usually  increased.  Advanced 
emphysema  of  ihe  lung,  causing  the  diaphragm  to  Iw  pressed  downward,  dis[ilaces  the  heart 
downward  and  inward,  whde  pushing  or  pulling  up  of  the  diaphragm  (by  contraction  of  the  lung, 
or  through  pressure  from  below)  causes  the  apex  beat  to  be  displaced  upward,  and  also  slightly  to 
the  left.  Thickening  of  lire  muscular  walls  with  dilaiation  of  the  cavities  of  the  left  ventricle  makes 
thit  ventricle  longer  and  hrooder,  while  the  increased  cardiac  impulse  may  be  felt  in  the  axillary 
line  in  the  sixth,  seventh,  or  even  eighth  intercostal  space  to  the  left  of  the  mammary  Uite,  Hyper- 
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traphjr,  with  dilalfltton  of  the  right  airle,  increases  the  Itrcxdth  of  the  heart,  so  that  the  cardiac  impnUe 
i«  felt  more  to  the  right,  even  to  the  right  of  the  sternum.  In  the  rare  cases  where  the  heart  is 
transposed,  the  apex  beat  is  felt  on  the  right  side.  When  the  cardiac  impul.<ic  gno^  to  the  left  of  the 
left  maroraary  line,  or  to  the  righi  of  the  parasternal  line,  the  heart  is  increased  in  breadth,  and  there 
is  hypertrophy  of  the  heart.  A  greatly  increased  caidiac  impulse  may  extend  to  several  inter- 
costal spaces. 

The  cardiac  impulse  is  abnormally  weaketted  io  cases  of  olrophy  and  degeneration  of  the  car* 
diac  muscle,  or  by  weakening  of  the  innervation  of  the  cardiacganglio.  It  is  nlso  weakened  when  the 
heart  Is  separated  from  the  chest  wall  owiug  to  the  collection  of  fluids  or  air  in  the  pericardium. 
Of  by  «  greatly  di&lcndcd  left  lung;  and.  indeed,  when  the  left  side  of  the  chest  is  tilled  with 
fluid,  the  canliac  impulse  may  he  extinguished.  The  same  occurs  when  the  left  ventricle  is  very 
imperfectly  filled  during  its  contraction  (in  conseijuence  of  marked  nairowing  of  the  mitral 
orihce).  or  wheit  it  can  only  empty  itself  very  slowly  and  gradually,  as  during  marked  narrowing 
of  the  aonic  orihce. 

Ad  increase  of  the  cardiac  impulse  occurs  during  hypertrophy  of  the  walls,  as  well  as  under  (he 
influence  of  various  stimuli  (psychical,  inflammatory,  Icbrilc,  toxic)  which  affect  the  cardiac  ganglia. 
Great  hypertrophy  of  the  left  ventricle  causes  the  heart  to  kfavf,so  that  a  part  of  the  chest  wall  may 
be  raiseil  and  also  vibrate  during  systole. 

A  pulUtif  in  of  the  anterior  wall  of  the  chest  during  the  cardiac  s>-sto1e  oceuis  in  the  third  and 
foanh  inlers]«ccs,  not  unfrequently  under  normal  circumstances,  sometimes  during  increased  cardtftC 
action,  and  In  eccentric  hypertrophy  of  the  vcDlricles.  As  the  heart's  apex  is  slightly  displaced, 
aod  the  ventricle  becomes   slightly  smaller   during  -its   systole,  the  empty  space  is  hlled  by  the 


Fig.  49,  a. 
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yielding  soft  ports  of  the  inlcrcoslal  space.  When  the  heart  is  united  with  the  pericardium  ami 
the  surrounding  connective  tissue,  which  renders  systolic  locomotion  of  the  heart  impossible, 
retraction  of  the  chest  wall  during  sj-stote  takes  the  place  of  the  cardiac  impulse  {Skiuia).  Uunng 
the  diastole,  a  diastolic  cardiac  impulse  of  the  correipouding  part  of  the  chest  wall  may  be  said 
lOQccar. 

Clinically,  changes  in  the  cardiac  Impulse  are  best  ascertained  by  taking  graphic  representations 
o(  the  cardiac  impulse,  anil  studying  the  curves  so  obtained  (Figs-  49  A  and  49  n). 

Id  curve  P  (much  reduced;,  from  a  case  of  marked  hypertrophy  with  dilatation,  the  vcntric- 
alar  contraction,  Ac,  is  usually  very  great,  while  the  time  occupied  by  the  contraclion  is  not  much 
Incnased.  P  and  Q  were  obtained  from  a  case  of  marked  eccentric  hypertrophy  of  the  left  ventricle, 
Am  to  insufliciency  of  the  aortic  valves.  Curve  Q  was  taken  intentionally  over  the  auricula- 
^ntricnlar  groove,  where  retraction  of  the  chest  wall  occurred  during  systole;  nevertheless  the 
ndtvidual  events  occurring  in  the  heart  are  indicated. 

f\^.  K  is  from  a  case  of  aortic  stenoais.  The  auricular  contraction  {at)  lasts  only  a  short  lime ; 
^  ventricular  systole  is  obviously  lengthened,  and  after  a  short  elevatisn  {he)  shows  a  series 
sf  ^  tDdenlalions  (r,  e)  caused  by  the  blood  being  pressed  through  the  narrow  and  rough- 
CMdsorta. 

y\  F,  from  a  case  of  insufiiciency  of  the  mitral  valve,  shows  [ai)  well  marked  on  account 
of  iWtncreased  activity  of  the  left  nuride,  while  the  shock  (</)  from  the  closure  of  the  aortic 
*klvnb  small,  on  account  of  the  diminished  arterial  tension.  On  the  other  hand,  the  shock  from 
*tKttntaaled  pulmonary  sound  [r)  is  very  great,  and  Is  in  the  ajjex  of  the  curve.  On  account 
'^ilKireai  tension  in  the  pulmonary  artery,  the  second  pulmonary  tone  may  be  so  strong,  and 
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mcceed  the  second  aortic  sound  {(/)  m  rapidly,  th&t  both  ftlmoit  merge  completely  into  esch  other 

{II  and  K). 

The  curve  of  stenosis  of  the  ntitral  orifice  (G)  sliows  a  long,  irregular,  notched,  sDricalar 
conlraclion  {a/>),  caused  by  the  blood  being  forced  ihrough  nn  irrccular  narrow  orifice.  The  ven- 
tricular contraction  {ic)  is  feeble  because  the  ventricle  is  imperfectly  filled.  The  closures  of  the  two 
valves,  1/ and/,  are  relatively  far  apart,  and  uiie  can  hear  distinctly  a  reduplicated  second  sound. 
The  aortic  valves  cIok  rapidly,  because  tlie  aorta  is  imperfectly  supplied  with  blood,  while  the  more 
copious  inflow  of  ))Ioad  into  the  pulmonary  artery  causes  its  valvei  la  close  later. 

If  the  heart  beats  rapidly  and  feebly — if  the  blood  pressure  in  the  aorta  and  pulmonary  artery  oe 
low,  the  sif^ns  of  closure  of  ibc  pulntoiiary  valves  may  be  absent — as  in  curve  L — taken  from  a  girl 
Mffertng  from  nervous  palpitation  and  morbus  Bascdowii. 

In  very  rare  cases  of  insufficiency  of  ilie  mural  valve,  it  bns  been  observed  that  at  certain  times 
both  ventricles  contract  ximulianeou^Iy,  as  in  a  normal  licart,  but  that  this  altcrnales  with  a  condi- 
tion where  the  right  ventricle  alone  seems  10  contract,  Curve  M  is  such  a  curve  oUained  l»y  Mai 
brnnc,  who  called  this  condition  intermittent  hemisystole.  The  first  curve  (I)  is  like  a  normal 
curve,  during  which  the  whole  heart  acted  as  usual.  The  curve  U,  however,  is  caused  by  the  right 
side  of  the  heart  alone;  it  tvants  the  closure  of  the  aortic  valves,  </,  and  there  was  no  pulse  in  the 
arteries.  Owing  to  insufficiency  of  the  iricuj>pid  valve,  ihe  same  |>er8on  had  a  venous  pulse  with 
every  cardiac  impuli«,  so  that  the  arterial  and  venous  pulses  first  occurred  together,  and  then  the 
venous  pulse  alone  occurred.      In  these  cases  the  mitral  insufficiency  leads  to  the  tight  ventricle 
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Fig.  50. 


being  overdistended,  while  the  left  is  nearly  empty,  so  thai  the  right  side  requires  to  contract  more 
energetically  thao  the  left.  It  docs  not  seem  that  the  nglit  ventricle  alone  contracts  in  these  cases, 
but  rather  thai  the  action  of  the  left  side  is  very  feeble. 

53.  THE  HEART  SOUNDS.— On  listening  over  the  region  of  the  heart 
in  a  healthy  man,  either  with  the  ear  applied  directly  to 
the  chest  wall  {ffan'fy)^  or  by  means  of  a  stethoscope 
{LafNfuc,  1819),  we  hear  two  characteristic  sounds,  the 
so-called  "heart  sounds.'*  The  two  sounds  are  called 
first  and  second,  and  together  they  correspond  to  a  single 
« ardiac  cycle.  These  sounds  are  separated  hy  silences. 
[Fig.  50  shows  the  relation  of  the  events  occurring  in  the 
heart  during  a  cardiac  cycle  to  the  sounds  and  silences.] 
I.  The  first  sound. 
_^  ^  a.  The  first  or  short  silence. 

I^ii^  3.  The  second  sound. 

tseheaw  of  a  cardiac  crcic.  The  4.  The  second  or  long  silcncc. 

inocr  circla  shows  what  evenu 

occur  in  ihc  heart  «nd  the       fRelativc  Duration. — There  is  no  absolute  duration 
»td  fiknco  to  ihc*«  c%-enu.      ot  cuch  phase  of  a  cardiac  cycle,  but  wc  may  take  the  aver- 
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age  duration  calculated  from  the  measurements  of  Gibson,  in  a  case  of  fissure  of 
the  sternum,  to  be  as  follows: — 

Auricnlxr  lystole, ii2kc. 

Ventricular  systole, 368    " 

VentrictilaT  diastole 578    " 


Cardiac  cycle, 1,058  »ec. 

Suppose  we  divide  the  cycle  into  tenths  {H^a/sAr),  then  the  first  sound  will  last 

,  the  first  silence  -ji^,  the  second  sound  -^i  and  the  long  silence  -^  of  the  entire 

riod.] 

The  first  sound  [long  or  systolic]  is  twice  as  long  as,  somewhat  duller,  and 
one-third  or  one-fourth  deeper  than,  the  second  sound  ;  it  is  less  sharply  defined 
at  first,  and  is  synchronous  7vith  thf  systole  of  tkf  nentrides. 

The  second  sound  [short  or  diastolic]  is  clearer,  sharper,  shorter,  more  sud- 
den, and  is  one-third  to  one-fourth  higher;  it  is  sharply  defined  and  synchronous 
with  the  closure  of  the  semilunar  vaives.  The  sounds  emitted  during  each  cardiac 
cycle  have  been  compared  to  the  pronunciation  of  the  syllables /jC^^,  tf%2/.  Or  the 
result  may  be  expressed  thus — 


to 


:ji 


w^ 


Bu 


i*/. 


[It  is  to  be  remembered  that  in  reality  fmr  sounds  are  produced  in  the  heart, 
but  the  two  first  sounds  occur  together  and  the  two  second,  so  that  only  a  single 
first  and  a  single  second  sound  are  heard.] 

The  causes  of  the  first  sound  are  due  to  two  conditions.  As  the  sound  is 
heard,  although  enfeebled,  in  an  excised  heart  in  which  the  movements  of  the 
valves  are  arrested,  and  also  when  the  finger  is  introduced  into  the  auriculo-ven- 
tricular  orifices  so  as  to  prevent  the  closure  of  the  valves  (  C.  Ludwig  and  J^ogiel"), 
one  of  the  chief  factors  lies  in  the  ^^muscle  sound"  produced  by  the  contracting 
muscular  fibres  of  the  ventricles.  This  sound  is  supported  and  increased  by  the 
sound  produced  by  the  tension  and  vibration  of  the  aiiriculo-ventricular  valves 
and  their  chordse  tendineas,  at  the  moment  of  the  ventricular  systole.  VVtntrich, 
by  means  of  proper  resonators,  has  analyzed  the  first  sound  and  distinguished  the 
clesir,  short,  valvular  part  from  the  deep,  long,  muscular  sound. 

The  muscle  Bound'  produced  by  transr^ersly  iiriftd  muscle  does  not  occur  with  a  simf>!e  contrac- 
bOB  ^p.  127),  but  only  when  several  contractions  are  su]>erpa$ed  to  produce  tetanus  (J  303).  The 
*CD(ncn)ar  contraction  is  only  a  simflf  contraction,  but  it  Iast<i  considerably  longer  than  the  conirac- 
t'KiD  of  Other  muscles,  and  herein  lies  the  cause  of  the  occurrence  of  the  muscle  sound  during  the 
muncalar  contraction. 

Defective  Heart  Sounds.— In  certain  conditions  (typhus,  fatty  degeneT-atlon  of  the  heart), 
•Iwe  the  muscular  substance  of  the  heart  is  much  weakened,  the  llrsl  sound  may  be  completely 
tandible.  In  anrtic  insufficiency,  in  consequence  of  the  reflux  of  blood  from  the  aorlii  into  the 
ventricle,  the  mitral  valve  is  gratJually  stretched,  and  sometimes  even  before  the  tjcginning  of  the 
*atricalar  systole,  Itic  Brst  sound  may  be  absent.  Such  paihulogical  conditions  seem  In  show  ihat» 
(or  the  production  uf  (he  Hrst  sound,  muscle  sound  and  valve  sound  must  eventually  work,  together. 
Old  ihu  the  lone  is  altered,  or  may  e%-en  disappear,  when  one  of  these  causes  is  alK»ent.  [Vco  and 
R>tTcti  (late  that  the  sound  is  purely  muscular  {?J.] 

The  cause  of  the  second  sound  is  undoubtedly  due  to  the  prompt  closure, 

wd  therefore  sudden  stretching  or  tension,  of  the  semilunar  valves  of  the  aorta 
and  pulmonary  artery,  so  that  it  is  purely  a  valvular  sound.  Perhaps  it  is  aug- 
raeotcd  by  the  sudden  vibration  of  the  fluid  particles  in  the  large  arterial  trunks, 
friic  second  sound  has  all  the  characters  of  a  valvular  sound.  That  the  aortic 
8 


114 


VARIATIONS   OF   THE   HEART   SOUNDS. 


valves  are  concerned  in  its  production,  is  proved  by  introducing  a  curved  wire) 
through  the  left  carotid  artery  and  hooking  up  one  or  more  segments  of  the  valve, 
when  the  sound  is  modified,  and  it  may  disappear  or  be  replaced  by  an  abnormal 
sound  or  "  murmur."  Again,  when  these  valves  are  diseased,  the  sound  is  altered, 
and  it  may  be  accompanied  or  even  displaced  by  murmurs.]  Although  the 
aortic  and  pulmonary  valves  do  not  close  simultaneously,  usually  the  difference  in 
time  is  so  small  that  both  valves  make  ene  sound,  but  the  second  sound  may  be 
double  or  divided  when,  through  increase  of  llie  difference  of  pressure  in  the 
aorta  and  pulmonary  artery,  the  interval  becomes  longer.  Even  in  health  this 
may  be  the  case,  as  occurs  at  the  end  of  inspiration  or  the  beginning  of  expira- 
tion {v.  Dusch). 

Where  the  Sounds  arc  Heard  Loudest. — The  sound  produced  by  the 
tricuspid  -oahe  is  heard  loudest  at  the  junction  of  the  lower  right  costal  cartilages 
with  the  sternum ;  as  the  mitral  vahe  lies  more  to  the  left  and  deeper  in  the 
chest,  and  is  covered  in  front  by  the  arterial  orifice,  the  mitral  sound  is  best 
heard  at  the  apex  beat,  or  immediately  above  it,  where  a  strip  of  the  left  ventricle 
lies  next  the  chest  wall.  [The  sound  is  conducted  to  the  part  nearest  the  ear  of 
the  listener  by  the  muscular  substance  of  the  heart.]  The  aortic  and  pulmonary 
orifices  lie  so  close  together  that  it  is  convenient  to  listen  for  the  second  {aortic) 
sound  in  the  direction  of  the  aorta,  where  it  comes  nearest  to  the  surface,  i.e., 
over  the  second  right  costal  cartilage  or  aortic  cartilage  close  to  its  junction  with 
the  sternum.  The  sound,  although  produced  at  the  semilunar  valves,  is  earned 
upward  by  the  cohimn  of  blood  and  by  the  walls  of  the  aorta.  The  sound 
produced  by  the  pulmonary  artery  is  heard  most  distinctly  over  the  third  left 
costal  cartilage,  somewhat  to  the  left  and  external  to  the  margin  of  the  sternum 
(Fig-  51). 

54.  VARIATIONS  OF  THE  HEART  SOUNDS.— Increas«  of  the  first  sound  of  both 
vcDtricles  indicates  a  more  energetic  cootractioa  of  the  ventricles  and  a  simultaneously  greater  and 
more  sudden  tension  of  the  auriculo'vcntriculnr  valves.  Increase  of  tbe  second  sound  is  a  sign  of 
increased  tension  in  the  interior  of  the  corresponding  large  ortcries.  Hence  increase  of  the  second 
(pulmotxary)  sound  indicates  overiilliiig  and  cxccs.sivc  tension  in  the  pulmonary  circuit.  A  fethU 
action  of  the  heart,  as  well  as  abnormal  want  of  blood  in  the  heart,  causes  weak  heart  sounds, 
which  is  the  case  in  degenerations  of  the  heart  muscle. 

Irregularities  in  structure  of  the  individual  valves  may  cause  the  heart  sounds  to  become  **  im- 
pure." If  a  pathological  cavity,  filled  with  air,  be  so  placed,  and  of  such  a  form  as  to  act  as  a 
resonator  to  the  heart  sounds,  they  may  assume  a  "  melntUc "  character.  The  first  and  second 
sounrfa  may  be  *' reduplicated  "  or  [although  "duplication"  is  a  more  accurate  term  (^arr)] 
doubted.  The  reduplication  of  the  first  sound  is  explained  by  the  tension  of  the  tricus))id  and  that 
of  the  mitral  valves  not  occurring  siniultaneously.  Sometimes  in  disease  a  sound  is  produced  by  a 
bypertrophied  auricle  producing  an  audible  presystolic  sound,  r,  ^,,  a  sound  or  "  murmur  "  pre- 
ceding the  first  sound.  [This  has  been  quealioned  quite  recently.]  As  the  aortic  and  pulmonary 
valves  do  not  close  quite  simultaneously,  a  reduplicated  second  sound  \:&  only  an  increase  of  a  physio-  ^| 
logical  condition.  All  conditions  which  cause  the  aortic  valves  to  close  rapidly  (diminished  ^| 
amount  of  blood  in  the  left  ventriclej  and  the  pulmonary  valves  to  close  later  (congestion  of  the 
right  ventricle — both  conditions  togetlier  in  mitral  stenosis),  favor  the  production  of  a  reduplicated 
second  sound. 

Cardiac  Murmurs. — If  irregularities  occur  in  the  valves,  either  in  caaes  of  stenosis  or  in  insuf- 
Bciency,  so  that  the  blood  is  subjected  to  vibrUory  oscillations  and  friction,  then,  instead  of  the 
heart  sounds,  other  sounds — murmurs  or  bruits — arise  or  accompany  these.  A  combination  of 
these  sounds  is  always  accomj>aiiied  by  dislurl>ances  of  the  circulation.  [These  murmurs  may  be 
produced  wiihin  the  heart,  when  they  arc  termed  endocardial ;  or  outside  it,  when  they  are  called 
exocardial  murmurs.  Hut  uther  murmurs  are  due  to  changes  in  the  quality  or  amount  of  the 
blood,  when  they  arc  spoken  of  as  haeniic  murmurs.  In  the  study  of  alt  murmurs,  note  their  rhythm 
or  exact  relation  to  the  normal  sounds,  their  point  of  maximum  intensity,  and  the  direction  in  which 
the  murmur  ij propnga/ed.'\  It  is  rare  that  tumors  or  otlier  dejxisits  projecting  into  the  ventricle* 
cau&c  murmurs,  unless  there  be  present  at  the  same  time  lesions  of  the  valves  and  dtsturl>ances  of 
the  circulation.  The  cardiac  murmurs  are  always  related  to  the  systole  or  diastole,  and  usually  the 
systolic  are  more  accentuated  and  touder.  Sometimes  they  are  so  loud  that  the  thorax  trembles 
under  their  irregular  oacillations  {fremitus,  frimissement  cataire). 

In  cases  where  diastolic  murmurs  are  heard,  there  are  always  anatomical  cfaat^ea  in  the 
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diac  mechaniini.  These  are  insufficiency  of  the  arteri&l  valves,  or  stenosis  of  the  Auriculo*veiUricu* 
br  orifice  (uraally  the  tefl).  Systolic  murmurs  do  not  always  necessiiate  a  duturbance  in  the 
cardiac  mechanUm.  They  may  ncair  on  the  lefl  aide,  owing  to  iiuuSicivncy  of  ihe  mitral  valve, 
Mcnosis  at  the  aorta,  an<J  in  the  calciftcation  and  dilatation  of  the  amending  jiart  of  the  aorta. 
These  murmars  occur  very  much  less  frequently  on  the  right  side,  and  arc  due  lo  insafBciency  of 
the  tricuspid  and  stenosis  of  ttie  pulmonary  orifice. 

Fig.  51. 
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^Mwcnd  p*rti  And  jrrcat  v«»«l«  in   reLition   ta  the  front  of  th«  ihoritK.     The  kin|a   are   conKp««tl  to 

Bl«stcD(.  u  after  ilcjtih.  exposing  the  hcxrt.     The  outline*  of  the  Mkcnil  parUoi  the  heart  arc  indl- 

Onnf W  very  fine  doite J  hn« .  .Iht  area  of  projattJlioD  of  v:il<rular  lnIlrmll^^  \\  iniirhcd  out  hy  more  visible 
lotted  11  n«9.  A,  the  circle  of  mitnl  murmiir,  correspondK  to  th«  left  apex.  Ths  brond  and  koaicwhat  diffuud 
"M,  roughly  iriaogulur,  U  llie  region i>f  Iricuapid  munnura,  and  corrupnmUgcncr^lr  wilK  the  light  *enlricle, 
vhrrcit  it  Icui  coveted  bjr  lung.  7'bB  Icticr  C  i>  in  lis  centre.  The  circuiimcrilieclftVfM/iir'dmi,  D,  it  the 
|wt  over  which  the  pulmonic  anctlal  raurmun  are  commonly  heard  loudest.  In  nianj  oucs  it  is  an  inch,  <it  ctcu 
■are,  lower  down,  CorretpondinKlo  the  ^iTNHf  drr^r/.fjwi  ofthe  rinht  ventricle,  where  it  touches  (he  wall  uf  ilic 
dionx,  The  internal  orsniu  and  parts  of  oriiaiu  arc  Indicated  by  letien  u  follows  : — r.  an,  right  auricle,  traced 
^  Rnc  dottiniE ;  ««>,  arch  of  aorta,  teen  in  ihe  fini  inlercoilal  space,  and  traced  iti  fine  dolting  on  the  stcrtnim  : 
*.  t.ibc  two  innominate  veins  ;  r.  v.,  right  ventricle  ;  /. ».,  left  ventricle. 

Pooclional  MurmuTS. — Systolic  murrnun  often  occur  without  any  valvular  lesion,  although 
^C]f  are  always  le^s  loud,  and  arc  caused  by  abnormal  vibrations  of  the  valves  or  arterial  walls. 
)^C7  occur  most  frequeiilly  at  the  orifice  of  the  pulmonary  artery  [and  are  (generally  heurd  at  the 
*)**>].  leu  frequently  at  the  mitral,  atid  &till  leas  frequently  at  the  aortic  or  the  tricuspid  ori^e. 
'^'onjgt,  general  malDutrition,  acute  febrile  affections,  are  the  causes  of  these  murmurs.     [Some  of 
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55.  DURATION  OF  THE 
Fifi.  5a. 


a,  10  mini.  ;  3,  >o  mius. ;   4,  jo  micu.     (After  H'aiUr 
mm  J  Rtid.] 


these  are  due  to  an  altered  condition  of  the  blood,  and  are  called  htemic,  and  others  to  defective 
cardiac  muscular  nntrition,  and  are  called  dynamic  ( lVtihke).'\ 

Sounds  may  also  occur  during  a  certain  Mage  of  inflammation  of  the  pericardium  (pericarditis) 
from  the  roughened  surfaces  of  this  membrane  lulibing  upon  ench  other.  Audible  friction  soundi 
arc  thus  produced,  and  the  vibration  may  even  be  |«rccpiible  to  touch.  [These  are  "  fricUoa 
•ounds,"  and  <iuite distinct  from  sounds  produced  within  the  heart  itself.] 

MOVEMENTS  OF  THE  HEART.-^ 

The  heart  continues  to  beat  for  some 
time  after  it  is  cut  out  of  the  body. 
The  movement  lasts  longer  in  cold- 
blooded animals  (frog,  turtle) — extend- 
ing even  to  days — than  in  mammals.  Aj 
rabbit's  heart  beats  from  3  minutes  up' 
to  2,6  minutes  after  it  is  cut  out  of  the 
body.  The  average  of  many  experi- 
ments is  about  It  minutes,  pValler 
and  Reid  recorded  the  ventricular  con- 
tractions of  a  rabbit's  heart  72  minutes 
after  its  excision.  Fig.  52  shows  the 
prolongation  of  the  ventricular  systole 
in  an  excised  rabbit's  heart,  the  move- 
ments being  recorded  by  a  lever  resting 
on  the  heart.]  Panum  found  the  last 
trace  of  contraction  to  occur  in  the  right  auricle  (rabbit)  15  hours  after  death  ;  in 
a  mouse's  heart,  46  hours;  in  a  dog's,  96  hours.  An  excised  frog's  heart  beats, 
at  the  longest,  23^  days  {Valentin').  In  a  human  embryo  (third  month)  the  heart 
was  found  beating  after  4  hours.  In  this  condition  stimulation  causes  an  increase 
and  acceleration  of  the  action.  The  ventricular  contraction  weakens,  and  soon 
each  auricular  contraction  is  not  followed  by  a  ventricular  contraction,  two  or 
more  of  the  former  being  succeeded  by  only  one  of  the  latter.  At  the  same  time 
the  ventricles  contract  more  slowly  (Fi^.  46),  and  soon  stop  altogether,  while  the 
auricles  continue  to  beat.  If  the  ventricles  be  stimulated  directly,  as  by  pricking 
them  with  a  pin,  they  may  execute  a  contraction.  The  left  auricle  soon  ceases  to 
beat,  while  the  right  auricle  still  continues  to  contract.  The  right  auricular  ap- 
pendix continues  to  beat  longest,  as  was  observed  by  Galen  and  Cardanus  i.1550), 
and  it  is  termed  '*ultiraumraoriens."  Similar  observations  have  been  made  upon 
the  hearts  of  persons  who  ha%e  been  executed. 

If  the  heart  has  ceased  to  beat,  it  may  be  excited  to  contract  for  a  short  time 
by  direct  stimulation,  more  especially  by  heat  (/^ary.'^y)  ;  even  under  these  cir- | 
cumstances  the  auricles  and  their  appendices  are  the  last  parts  to  cease  contracting. 
As  a  general  rule,  direct  stimulation,  although  it  may  cause  the  heart  to  act  more 
vigorously  for  a  short  lime,  brings  it  to  rest  sooner.  In  such  cases,  therefore,  the 
regular  sequence  of  events  ceases,  and  there  is  usually  a  twitching  movement  of  the 
muscular  fibres  of  the  heart.  C.  Ludwig  found  that,  even  after  the  excitability 
is  extinguished  in  the  mammalian  heart,  it  may  be  restored  by  injecting  arterial 
blood  into  the  coronary  arteries ;  conversely  lesion  of  these  vessels  is  followed  by 
enfeebled  action  of  the  heart  (§  47).  Hammer  found  that  in  a  man  whose  left 
coronary  artery  was  plugged  the  pulse  fell  from  80  to  8  beats  per  minute.  J 

[Tlie  beats  of  the  excised  heart  of  a  rabbit  gradually  decline  In  force  and  frc<]ucncy,  the  latent 
period  and  contraction  become  longer  and  the  exciiat>ility  more  obtuse.  The  duration  of  a  con> 
traction  may  be  6  sec,  the  normal  being  .3  sec.  The  beats  have  often  a  bigeminal  character.  An 
excise<!  heart  may  be  frozen  quije  hard,  yet  on  l>cing  thawed  it  contracts  sponianeously.  The  con- 
traciiofi  proceedh  in  a  wave  from  the  spot  stimulated  in  the  frog's  heart  al  S°  to  12°  C.  at  to  to  90 
mm.  jier  *«c. ;  in  tlie  raanimali.in  excisfrd  heart  alxiut  8  metres  per  sec.  (IFaf/er  anJ  AVi</l.J 

Action  of  Gases  on  the  Heart. ^During  its  activity  the  heart  uks  O.  arul  prodacei  CO,,  so 
lliat  it  beats  longest  in  pare  O  ( 12  hours),  and  nut  so  long  in  N, — H  (1  hour) — CO,  (to  minutes) 


I 


d 


— CO  (43  miauici) — G  (3  minutes},  or  to  a  vacuum  (30  to  jo  minutes),  even  when  there  is  watery 
TBpoT  promt  to  prevent  evaporatioii.  If  the  heart  be  reintroduced  into  O  it  begins  to  beat  again. 
[A  trot's  heart  ceases  to  beat  in  compressed  O  { 1  o  to  12  atmospheres)  in  about  one*(hird  of  the 
time  it  would  do  were  it  simply  excised  and  left  to  itself.  An  excised  heart  suKpendcd  in  ordinary 
air  beats  three  to  four  times  ai  long  as  a  heart  which  is  placed  upon  a  gloss  plate.] 

[56.  PHYSICAL  EXAMINATION  OF  THE  HEART.— The  phy- 
sical  methods  of  diagnosis  enable  us  to  obtain  precise  knowledge  regarding  the 
actual  state  of  the  heart.     The  methods  available  are  ; — 


1.  Inspection. 

2.  Palpation. 


3.  Percussion. 

4.  Au&cuUation. 


I 


To  arrive  at  a  correct  diagnosis  all  the  methods  must  be  employed.] 

[Inspection. — llie  person  is  supposed  to  have  his  chest  exposed  and  to  be  in  the  recumbent 
position.  It  is  importam  lo  remember  the  limits  of  the  heart.  The  6asf  corresponds  to  a  line 
joinit^  the  upper  margins  uf  the  third  costal  c^irtila^es,  the  apex  lo  the  fifth  inter^ipace,  while 
iransTCTsely  it  extends  from  a.  little  tu  the  right  of  the  stcriuini  lo  within  a  little  of  the  left  nipple; 
tliis  area  occupied  by  the  heart  being  called  the  deep  cardiac  region.  By  the  eye  we  can 
detect  any  alteration  in  the  configuration  of  the  pnecordia,  bulging  or  retraction  of  the  region  as 
a  whole  or  of  the  intercostal  spaces,  and  we  may  detect  vari-itions  in  the  position,  character, 
ealeoc  of  the  cardiac  impulse,  or  the  presence  of  other  visible  pulsations.] 

[Palpation. — Uy  placing  the  whole  hand  Hal  upon  the  pnecordia,  wc  can  ascertain  the  presence 
or  absence^  the  situation  and  cKtent,  and  any  alterations  in  the  characters  of  the  apex  beat ;  or  we 
may  detect  the  existence  of  abnormal  pulsations,  vibrations,  thrills,  or  friction  in  this  region.  In 
feeling  for  the  ajiex  l>eat,  if  it  he  at  all  feeble,  it  is  well  to  mahe  the  pattern  lean  forward.  Of 
course,  it  must  be  remembered  that  t}ie  whole  heart  may  be  displaced  by  tumors  or  accumulations 
of  Aaids  |>ressing  upon  it,  i.  t.,  conditions  external  to  ilKelf,  or  the  apex  beat  may  be  displaced  from 
caa*«s  within  the  heart  itself,  as  in  hypertrophy  of  the  left  ventricle.] 

[Percussion.^ As  the  heart  is  a  solid  organ,  and  is  surrounded  by  the  lungs  which  contain  air, 
il »  evident  that  the  sound  emitted  by  striking  the  chest  over  the  region  of  the  former  must  be 
iiffetent  from  that  prmluced  over  the  lallcr.  Not  only  is  there  a  difference  in  the  sound  or  note 
rmitted.  but  the  "sensation  of  resistance"  which  one  feels  on  percussing  the  two  organs  is  differenL 
We  may  aseettatn — 

1.  The  superficial  or  absolute  cardiac  dullness. 

2.  The  deep  or  relative  dullness. 

[Superficial  Cardiac  Dullness. — This  theoretically  is  the  part  of  the  heart  in  direct  contact 
with  the  chest  wall  and  uncovered  by  lung,  but  obviously  as  the  lungs  vary  in  .size  during  respira- 
tion, it  must  t)c  smaller  during  inspiration  and  larger  during  expiration.  It  forms  a  roughly  tri- 
in{nhr  ipace,  whose  base  cannot  be  accurately  determined,  as  the  heart  dullness  merges  into  that 
nlUte  liver,  situate  below  it,  but  it  corres|x>nda  to  a  horizontal  line  2^  inches  long,  extending  from 
the  ipcK  bent  to  the  middle  of  the  sternum.  The  internal  side  corresponding  to  the  left  edge  of 
theiiermim  is  2  inches  long,  and  reaches  from  the  Junction  of  the  fourth  costal  cartilage  with  the 
•fen«»>— apex  of  the  triangle — to  the  sternal  end  of  the  base  line.  The  superior,  outer,  or  obliijue 
liK,  jinchei  in  length,  i»  somewhat  curved,  and  passes  downward  and  outward  from  the  apex 
«f  Ihp  lriari;jle  to  the  apex  of  the  heart.] 

[Deep  Cardiac  Dullness.— Uy  this  method  theoretically  we  seek  to  define  the  exact  limits  of 
liw  bevt  as  a  whole,  and  thus  to  ascertain  its  absolute  size,  and  of  course  percussion  has  lo  be  done 
''itniigh  a  certain  thickness  of  lung  tissue,  and  hence  one  must  strike  the  picximcler  forcibly.  It 
u^CD'ls  Vertically  ^m  the  third  rib  and  ends  at  the  sixth,  but  owing  to  the  cardiac  merging  in  the 
^aiic  (iullnew,  this  lower  limit  cannot  be  accurately  ascertained  ;  while  tratin'^nfly  at  the  fourth 
nl  It  euiMids  from  just  within  the  nij^pte  line  to  slightly  beyond  the  right  of  the  stenuim.  I)y  these 
K*m  M'e  may  detect  increase  in  the  sire  of  the  heart  or  aUerations  in  the  relation  of  the  lungs  to 
l^bcart,  fiaid  in  pericardium,  etc.] 

[Auscultation. — lliis  is  one  otthe  most  valuable  methods,  for  by  it  we  can  detect  variatioru 
■ou  nuHlihci lions  in  the  healthy  sounds  of  the  heart,  the  rhythm  and  frei^uency  of  the  heart  beat, 
At  etixence  of  abnormal  sounds,  and  their  exact  relation  to  the  normal  sounds,  also  their  char* 
■'tenind  relation  to  the  cardiac  cycle,  and  the  direction  in  which  these  s«mnds  are  propagated 

.57.  INNERVATION  OF  THE  HEART.— [Intra-  and  Extra-Car- 
diac Nervous  Mechanism. — When  the  heart  is  removed  from  the  body,  or 
■fien  all  the  nerves  which  pass  to  it  are  divided,  it  still  beats  for  some  lime,  so 
Ifat  its  movements  must  depend  upon  some  mechanism  situated  within  itself. 
The  ordinary  rhythmical  movements  of  the  heart  are  undoubtedly  associated  with 
ihe  presence  of  nerve  ganglia,  whirh  exist  in  the  substance  of  the  heart — the 
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intra-€ardia( ganglia.  But  the  movements  of  the  heart  are  influenced  by  nervous 
impulses  which  reach  it  from  without,  so  that  there  falls  to  be  studied  an  intra- 
cardiac and  an  ixtra-carJiac  nervous  mechanism.] 

The  cardiac  plexus  is  composed  of  the  following  nerves:  (i)  The  cardiac 
branches  of  the  vagus,  the  branch  of  the  same  name  from  the  external  branch  of 
the  superior  laryngeal,  a  branch  from  the  inferior  laryngeal,  and  sometimes 
branches  from  the  pulmonary  plexus  of  the  vagus  (more  numerous  on  the  right 
side)  ;  (3)  the  superior,  middle,  inferior,  and  lowest  cardiac  branches  of  the 
three  cervical  ganglia  and  the  first  thoracic  ganglia  of  the  sympathetic;  (3)  the 
inconstant  twig  of  the  descending  branch  of  the  hypoglossal  nerve,  which,  accord- 
ing to  Luschka,  arises  from  the  upper  cervical  ganglion.  From  the  plexus  there 
proceed — the  deep  and  the  superfuiai  UKnc^  (the  latter  usually  at  the  division  of 
the  pulmonary  artery  under  the  arch  of  the  aorta,  and  containing  the  ganglion 
of  Wrisberg)  (§  370).  The  following  nerves  may  be  separately  traced  from  the 
plexus: — 

{a)  The  plexus  coronarius  dexter  and  sinister,  which  contains  the  vaso- 
motor nerves  for  the  coronary  vessels  (physiological  proof  still  wanting)  as  well  as 
the  nerves  (sensory?)  proceeding  from  them  (to  the  pericardium?). 

(*)  Intra-cardiac  nerves  and  ganglia.— The  nerves  lying  in  i\\t  grooves  of 
the  heart  and  in  its  itdbslam-e  contain  numerous  ganglia  {Hemak),  and  are  regarded 
as  the  automatic  motor  centres  of  the  heart.  A  nervous  ring  containing  numerous 
ganglia  corresponds  to  the  margin  of  the  septum  atriorum ;  there  is  another  in 
the  auriculo-ventricular  groove.  Where  the  two  meet,  they  exchange  fibres. 
The  ganglia  usually  lie  near  the  pericardium.  In  mammals,  the  two  largest  gan- 
glia  lie  near  the  orifice  of  the  superior  vena  cava— in  hirds^  the  largest  ganglion 
(containing  thousands  of  ganglionic  cells)  lies  posteriorly  where  the  longitudinal 
and  transverse  sulci  cross  each  other.  Fine  branches,  also  provided  with  small 
ganglia,  proceed  from  these  ganglia,  and  penetrate  the  muscular  walls  of  the  auri-ji 
cles  and  ventricles.  fl 

[Frog's  Heart. — The  frog's  heart  consists  of  the  iinm  Vfftosuj,  into  which  open  the  single 
inferior  and  the  two  superior  vetisc  c&vx  (Fig.  54).  There  are  /wo  aurie/et;  the  right  one  00m- 
nmiucate*  with  the  ujiut  venoEus,  and  opens  into  the  single  ventricle;   the  left   auricle  also 
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open&  into  the  xin^ie  ventriett  ( Fig.  53,  w ),  and  in  the  latter  are  miied  the  venous  blood  returned 
l^  the  right  auricle  and  the  arterial  blood  from  the  left  nuricle.  The  aoria  with  its  bttlhut 
arteriosut  conducts  the  blood  from  the  venlriclc.  The  various  ori6ces  arc  guarded  by  j.>rojcc- 
lions  of  tissue,  which  act  like  valves.  The  two  auricles  are  completely  separated  by  a  septum. 
This  septum  ends  posteriorly  in  a  free  concave  margin  so  as  to  divide  the  aunculo-vcntricuUr 
orifice  into  a  right  and  a  left  ori6ce.  Each  orifice  is  guarded  by  two  thick,  fleshy  valves,  which 
close  it.] 
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[Nerve*. — The  two  cardiac  branches  of  Ibe  vagi— the  nervi  csrdiaci — proceed  (o  the  posterior 
surface  or  the  linus  venosui,  and  where  the  latter  join*  the  auricle  they  intcrlocc.  and  arc  mixed 
with  a  naml>er  of  ganglion  cells  (Fig.  57).  This  spot  is  colled  Remak*s  ganglion,  is  somciimea 
uncle,  at  others  double,  and  ii  can  be  icen  as  a  white  "  creiicent  "  when  the  heart  is  lifted  up  and 
looked  at  from  behind  (Kig.  54).     The  cardiac  ncrres  proceed  downward  on  the  auricular  septum^ 


Fig.  55. 


Fig.  56. 
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B 


» 


B 


Anrienkt  wptnm  of  «  frog's  hcmrt.  «,  anterior,  itnd  >, 
paucrktr  branch  nf  iho  cudUc  vagus ;  B,  Blildcr'ft 
^acRM. 


Pyriform  |3mBU&nlc  bi-pobr  nerve  «U  from  ihe 
bearl  of  *  Irog.  m,  shcAih  ;  m,  ttmiyht  piocaa  : 
a,  tpiral  proceu. 


txdMtt^ng  fibres  in  tbetr  course  10  join  two  ganglia  at  the  auriculo-vcQlHcular  groove,  and  known 
«  Bidder's  g;angHa  (Fig.  57).  It  has  been  Mated  by  one  observer  that  the  balbus  arteriosus 
DaLuni  gxiighoiiic  cells,  but  this  is  denied  by  others.] 

According  to  Openchow*ley,  every  part  of  the  heart  (frog,  tritnn,  tortoise)  contains  nerve  Bbrei 
vtecb  are  connected  with  every  muscular  fibre.  In  Ihe  auricles,  at  the  end  of  the  non  medul- 
bted  fibre,  a  tri-radiale  nadeiu  exists  which  gives  off  fibrils  to  the  muscular  bundles.     Tliere  is  a 


Fic.  57. 


Fk.  58. 


SclwDic   of  Kcrve*  of  frog'*  heart.      R. 

Kemak'i,  and  B.  Biddcr't  gxnglU  ; 
S,  v.,  kinii*  veooiu*  ;  A.  aiim;le<i: 
V,veDtncle:  BA.,bii)bus  aHerio- 


t 

SlAniuua'*  cxpcrimeiil.  A.  aurklc;  V, 
vcntncle;  S.V.,  sinus  venosus.  Tb< 
slg.nj[  Him  indicate  which  pant  cca- 
linuc  to  beat :  In  3  the  ventricle  beatt  11 
a  difTcrcni  rate. 


Mtworl  of  fine  nerve  fibres  distributed  immediately  under  the  endocardium — these  fibres  act  partly 
M  »  renfripetol  f/ireciian  on  the  cardiac  ganglia,  and  are  partly  motor  for  the  endocardial  muscles. 
Tbe  (urictal  layer  of  the  pericardium  contains  (sensory)  nerve  fibres.  The  following  kinds  of 
■erf*  cell*  ore  foutid — unipolar  ceUs,  the  single  processes  of  which  afterward  divide ;  bipoUr  pyii- 
forra  cells  (Fig.   56),  which  in  the  frog  possess,  a  straight  in")  and  usually  nho  a  spiral  process  (a). 

58.  THE  AUTOMATIC  MOTOR  CENTRES  OF  THE  HEART.— 

')  It  IS  generally  assumed  that  the  nervous  centres  which  excite  the  cardiac 
niotenicnts,  and  maintain  the  rhythm  of  these  movements,  lie  within  the  heart, 
•ind  thai  they  are  probably  represented  by  the  ganglia. 

(a)  There  are — not  one,  but  several  of  these  centres  in  the  heart,  which  are 
connected  with  each  other  by  conducting  paths.      As  long  as  the  heart  is  intact^ 
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all  its  parts  move  in  rhythmical  sequence  from  a  principal  central  point,  an  impulse 
being  conducted  from  this  centre  through  the  conducting  paths.  What  the  "  dis- 
charging forces"  of  these  regular  progressive  movements  are,  is  unknown.  If, 
however,  the  heart  be  subjected  to  the  action  of  diffuse  slimuU  {f.g.,  strong  elec- 
trical currents),  all  the  centres  are  thrown  into  action,  and  a  spasm-like  action  of 
the  heart  occurs.  The  dominaling  centre  lies  in  the  auricUs,  hence  the  regular  pro- 
gressive movement  usually  starts  from  them.  If  the  excitability  is  diminished,  as 
by  touching  the  septum  with  opium,  other  centres  seem  to  undertake  this  function, 
in  which  case  the  movement  may  extent  from  the  ventricles  to  the  auricles.  Ac- 
cording to  Kronecker  and  Schmey,  in  the  do^s  heart  there  is  a  spot  above  the 
lower  limit  of  the  upper  third  of  the  ventricular  septum,  which,  when  it  is  injured, 
^'S-»  ^y  destroying  it  with  a  stout  needle,  brings  the  heart  to  a  standstill ;  this  has 
been  called  a  coordinating  centre. 

(3)  All  stimuli  of  moderate  strength  applied  directly  to  the  heart  cause  at  firet 
an  increase  of  the  rhythmical  heartbeats;  stronger  stimuli  cause  a  diminution,  and 
it  may  be  paralysis,  which  is  often  preceded  by  a  convulsive  movement.  Increased 
activity  exhausts  the  energy  of  the  heart  sooner. 

(4)  Single  verj"  weak  stimuli,  which  have  no  effect  on  the  heart  when  applied 
singly,  if  repeated  sufficiently  often,  may  become  active,  owing  to  "  summation  of 
the  stimuli  "  iv.  Basch). 

(5)  Kven  the  weakest  stimulus  which  can  excite  a  contraction  always  causes  an 
energetic  contraction,  /.  ^.,  "the  minimal  stimulus  causes  a  maximal  effect" 
{Bowditch,  Kronecker  and  Sfir/hig). 

(6)  .'Vfter  every  contraction  of  the  heart  there  is  a  short  period  of  "diminished 
excitability  '*  or  Marey's  "  refractory  period,"  during  which  the  heart  is  less  sus- 
ceptible to  further  stimulation, 

(7)  The  non-ganglionic  apex  of  the  heart,  when  it  is  not  stimulated,  no  longer 
beats  spontaneously,  but  it  responds  each  time  by  a  single  contraction  to  a  single 
direct  stimulus.  It",  however,  a  continuous  stimulus,  e.g.,  a  continuous  current  of 
electricity,  be  applied  to  it,  it  executes  a  series  of  beats.  Such  continuous  stimuli 
are  obtained  through  a  continuous  pressure  of  fluid,  exerted  on  the  interior  of  the 
heart  or  by  moistening  the  heart  with  chemical  substances. 

(8)  The  auricular  centres  seem  to  be  more  excitable  than  those  of  the  ventricle ; 
hence,  in  a  heart  left  to  itself  the  auricles  pulsate  longest. 

(9)  Tlie  heart  may  be  excited  (rcflexly)  from  its  inner  surface.  Weak  stimuli 
applied  to  the  inner  surface  of  the  heart  greatly  accelerate  the  heart's  action,  the 
stimulus  required  being  much  feebler  than  that  applied  to  the  external  surface 
of  the  heart.  Strong  stimuli,  which  bring  the  heart  to  rest,  also  act  more  easily 
when  applied  to  the  inner  surface  than  when  they  are  applied  to  its  outer  surface. 
The  ventricle  is  always  the  first  part  to  be  paralyzed. 

(10)  In  order  that  the  heart  may  continue  to  contract,  it  is  necessary  that 
it  be  supplied  with  a  fluid  which,  in  addition  to  O,  must  contain  the  fuces- 
sary  nutritive  materials.  The  most  perfect  fluid,  of  course,  is  blood.  Hence 
the  heart  after  a  time  ceases  to  beat  in  an  mdifferent  fluid  (0.6  percent,  sodium 
chloridej,  but  its  activity  may  be  revived  by  supplying  it  with  a  proper  nutri- 
tive fluid. 


Cardiac  Nutritive  Fluids. — llicse  nutritive  fluids  are  such  u  contain  Knim-albntnin,  t.g.^ 
blond,  serum,  or  lymph.  Scrum  retains  its  nutritive  properties  even  after  it  has  hcen  subjected  to 
dilTusion  {^Martius  anj  J\raHfcker\,  Milk  aii'l  wliey  {v.  Of/),  normal  saline  solution  mixed  with 
blood.  allHimin,  or  peptone,  and  0.3  per  cent,  solution  carbonate  {Kronecktr,  Mtrunowttz  and  Stih 
iTv«).  a  trace  of  caurtic  soda  {f7aw/cl,or  a  solution  of  the  salts  of  serum,  are  suitable.  Alkaline 
solution  of  <K>da  revives  a  feebly  heating  heart  by  neutralizing  the  acid  formed  in  the  cardiac  muscle. 
or  normal  saline  cuntaiiiing  calcic  phosphate  and  pota&sic  chluride  (.S*.  Ringer). 

(iz)  The  independent  pulsations  of  parts  of  the  heart  which  are  devoid  of  gan- 
glia, show  that  the  presence  of  ganglia  is  not  absolutely  necessary  in  order  to  have 
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rhythmical  pulsation.  Direct  stimulation  of  the  heart  may  cause  these  movements. 
But  the  ganglia  are  more  excitable  than  the  heart  muscle  itself,  and  they  conduct 
the  impulses  which  lead  to  the  regular  alternating  action  of  the  various  parts  of  the 
heart,  so  that,  under  normal  circumstances,  we  must  assume  that  the  action  of  the 
heart  is  governed  by  the  ganglia. 

(la)  If  a  heart  be  cut  into  pieces,  so  that  the  individual  pieces  still  remain  con- 
nected with  each  other,  the  regular  peristaltic  or  wave-like  movements  proceeding 
from  the  auricles  to  the  ventricle  may  continue  for  a  long  time  {Vo»t/ers,  En^ci- 
maHMK  If  the  heart,  however,  be  completely  divided  into  two  distinct  pieces 
(auricle  and  ventricle),  the  movements  of  both  parts  continue,  but  not  in  the  same 
sequence— they  beat  at  different  rates. 

The  chief  experiments  upon  which  the  above  statements  are  based  are  as  (oU 
lows:  — 

I.  Experimcnls  by  cutting  and  ligaturing  the  heart.  These  experiments  have 
been  made  chiefly  upon  the  heart  of  the  frog.  The  ligature  experiments  arc 
performed  by  tightening  and  then  relaxing  a  ligature  placed  around  the  heart,  so 
that  the  physiological  connection  is  destroyed,  while  the  anatomical  or  mechanical 
connections  (continuity  of  the  cardiac  wall,  intact  condition  of  its  cavities)  still 
exist.     The  most  important  of  these  experiments  are — 

(i )  Stannius's  Experiment. — If  the  sinus  venosus  of  a  frog's  heart  be  sepa- 
rated from  the  auricles,  either  by  an  incision  or  by  a  ligature,  the  auricles  and  ven- 
tricle stand  still  in  diastole,  while  the  veins  and  the  remainder  of  the  sinus  continue 
to  beat  (Fig.  5S.  i).     If  a  secund  incision  be  made  at  the  auriculo-ventricular 
groove,  as  a  rule  the  ventricle  begins  at  once  to  beat  again,  while  the  auricles 
remain  in  the  condition  of  diastolic  rest.     [Thus  the  sinus  venosus  and  ventricle 
continue  to  beat,  while  the  auricle  stands  still,  but  the  two  former  no  longer  beat 
with  the  same  rhythm,  the  ventricle  usually  beats  more  slowly,  as  is  shown  in 
Fig-  58,  2,  by  the  large  zig-zags.]     According  to  the  jjosition  of  the  second  liga- 
ture or  incision,  the  auricles  may  also  beat  along  with  the  ventricles,  or  the  auri- 
tles  alone  may  beat,  while  the  ventricles  remain  at  rest. 

Theoretical.— VarioD 8  explanations  of  these  experiments  have  been  ^ivcn :  (o)  Remak's 
(iDf[lioD  in  the  stuus  venoftus  is  distinguislied  by  its  (;reat  cxcilabilitv.  white  Bidder's  ganglion 
uith«  anriculo- ventricular  groove  is  less  excitable  ;  in  the  normal  condition  or  the  heart  the  motor 
iapilse  is  carried  from  the  former  lo  the  latter.  IT  ihe  &inus  venosus  be  separated  (rotn 
Uie  beiit.  Remak's  ganglion  has  no  action  on  the  heart.  The  bean  stops  for  two  reascns— 
tnn,  beciuic  lUdder's  ganglion  atone  bns  not  sufticleiit  energy  to  excite  it  to  action,  and  because 
<!«  inhiliilory  fibres  of  ihe  vagus  going  to  the  heart  have  l>een  stimulated  by  being  divided  at 
ihit  («ini  \f/fi4fnhain).  [That  stimulation  of  the  inhibitory  fibres  of  the  vagus  is  not  the 
uuK  of  the  standstill,  is  proved  l^y  the  fact  that  the  standstill  occurs  even  after  the  admiais- 
iWioD  of  atropine,  which  jiaraty/cs  the  cardiac  inhibitory  mechanism,]  The  passive  heart, 
however,  may  be  made  lo  contract  by  mechanically  fiiimulaling  Bidder's  ganglion,  e.^.,  by  a 
iBglil  prick  with  a  needle  in  the  auricuto-veniricular  groove,  or  by  the  action  of  a  constant 
wnnt  of  moderate  strength  {licikani),  Ihe  ventricular  pulsation  at  the  same  time  preceding 
lie  airicular  {v.  BesoU,  fi/rnsffin).  If  the  auriculo-ventricular  groove  be  divided,  the  ventricle 
pdhates  again,  liecau»e  Hiddcr's  ganglion  has  been  slimulflted  by  Ihe  act  of  dividing  it;  while, 
■tUte  ume  lime,  the  ventricle  is  withdrawn  from  the  inhibitory  influence  of  the  va^uis  produced 
*?  the  6rs(  divisictn  at  the  »inu«  venosus.  If  the  line  of  separation  is  so  made  that  Bidder's 
poglion  remains  attached  to  the  auricles,  Itiete  pulsate,  and  the  ventricle  rests;  if  it  he  divided 
into  bilves,  the  auricles  and  veniricles  pulsate,  each  half  being  excited  by  the  portion  of  the 
CuigrMft  in  relation  with  it.  {h)  Accor<ting  to  another  view,  both  Kcinak's  (a)  and  Didder's 
|in{Ua  (4)  are  motor  centres,  but  in  Ihe  auricles  there  ii  in  addition  an  inhioitory  ^anglianic 
ntttm  [c|  {BfzoU,  Tr.tut'f).  Under  normal  circunuiaoces  a  •{  h  m  stronger  than  c,  while  c  is 
monger  than  a  or  j  sejuirately.  If  the  sinui  venosus  l>e  sci>araled,  it  beats  in  viiiue  of  a ,-  on  the 
«hi»  hand,  the  heart  rests  because  *  is  stronger  than  h.  If  the  section  be  made  at  the  level 
•A  tSe  auriculo-ventricular  groove,  the  auricles  stantl  still,  owing  to  c,  while  the  ventricle  beats, 

'3»lliK  to  h. 

(3)  If  the  ventricle  of  a  frog's  heart  be  separated  from  the  rest  of  the  heart 
by  wans  of  a  ligature,  or  by  an  incision  carried  through  it  at  the  level  of  the 
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auriculo-vcDtricular  groove,  the  sinus  and   atria  pulsate  undisturbed  as  bcfo 

{DescarUs,  1644),  but   the   ventricle   ivtands  still    in    diastole.     A  single  local 

stimulus  applied  to  the  ventricle  is  responded  to  by  a  singU  contraction.     If  the 

incision    be   so    madf.*    that    the    lower  margin  of  the  auricular  septum  remains 

attached   to   the  ventricle,  the  latter  pulsates.      Even  the  ventricles  of  a  rabbit's 

heart,  when  separated  with  a  part  of  the  auricles  in  connection  with  them,  pulsate 

{Ti^erstedt). 

[Gmskell's  Clamp. — Gulcetl  urcs  a  ctanip,  regulated  by  x  niiUimetre  screw,  to  compre«  the 

liean,  aji<l  tliiis  to  obstruct  the  passage  of  inipul5C!t  from  one  part  of  the  heart  to  the  other,  or 

to  "block"  the  M-ay,  the   pulsations  of  the    auricles  and  ventricles  being  separately  registered. 

By  compressing  the  hcort  at  the  auricuIo>  ventricular  groove,  the  ratio  of  auricular  and  ventricular 

beats    alters,  and    inMcad    of   being   I  :  I,  there    may  be  3,  3,  or    more  auricular  beats  for  each 

A    II      III     IV 
beat  of  the  ventricle,  expressed  thus  :        *       •  __    <         •     After  the  heart  \%  Bxed  by  Ibe  clamp, 

leTCTS  are  placed  horizontally  above  and  below  the  heait.  These  levers  arc  6xed  to  part  of  the 
auricles  and  (o  the  apex  by  means  of  threads.  Each  part  of  the  heart  attached  to  a  lever,  as  it 
contracts,  pulls  upon  its  own  lever,  so  that  the  extent  and  duration  of  each  cnntraction  may  Iw 
registered.  Thi&  method  is  applicable  for  studying  the  eflect  of  the  vagus  aod  other  nerves  upon 
the  heart.] 

(3)  Section. — A.  Fick  showed  that  the  process  of  excitement  in  the  con- 
tractile tissue  of  the  frog's  heart  is  propagated  in  all  directions  (1S74),  so  that  to 
a  certain  extent  the  whole  frog's  heart  behaves  like  one  continuous  muscular  fibre  ; 
thus  one  transverse  cut  into  the  ventricle  does  not  prevent  contraction  from 
taking  place  in  the  separated  parts.  Engclinann's  experiments  also  show  that  tf 
the  ventricle  of  a  frog's  heart  be  cut  up  into  two  or  more  strips  in  a  zig-zag 
way,  so  that  the  individual  parts  still  remain  connected  with  each  other  by 
muscular  tissue,  the  strips  still  beat  in  a  regularly  progressive  rhythmical  manner, 
provided  one  strip  is  caused  to  contract.  The  rapidity  of  the  transmission  is 
about  10  to  15  mm.  per  sec.  Hence,  it  appears  that  the  conducting  paths  for 
the  impulse  causing  the  contraction  are  not  nervous,  but  must  be  the  contractile 
mass  itself.  It  ha:>  not  been  proved  that  nerve  fibres  proceed  from  the  ganglia  to 
all  the  muscles. 

[According  to  Marchand's  experiments,  it  takes  a  very  long  time  for  the  excitemenl  to  pou  from 
the  auricles  to  the  ventricle— a  much  longer  time,  in  fact,  than  U  would  require  to  conduct  the  ex- 
citement through  muscle — so  that  it  is  probal>le  that  the  propagation  of  the  impulse  from  the 
auricles  to  the  vcnlricle  is  conducted  by  ncrvout,  channels  to  the  auriculo- ventricular  nervous  appont- 
lus.  In  fact,  in  the  mammalian  heart  the  muscular tibres  of  the  auricles  are  quite  distioct  from  those 
of  the  ventricles.] 

(4)  When  the  apex  of  a  frog's  heart  is  ligatured  off  from  the  rest  of  the  hearty 
it  no  longer  pulsates  {Heidenkain,  Goitt)y  but  such  an  apex,  if  stimulated  directly, 
e.  g.j  by  a  prick  of  a  pin,  responds  with  a  single  contraction.  If  the  "  heart  aiiex" 
be  filled  with  normal  saline  solution  under  pressure,  which  acts  as  a  stimulus,  the 
heart  begins  to  pulsate,  and  the  same  is  the  case  with  a  solution  of  delphinin  or 
quinine.  If  a  cannula  be  tied  into  the  heart  over  the  auriculo-ventricular  groove, 
the  ventricle  does  not  beat,  but  if  the  ventricle  be  filled  through  the  cannula  with 
blood  containing  oxygen,  under  a  constant  and  sufficient  pressure,  it  also  pulsates 
{Ludwig  and  MerunowUz). 

(5)  Luciani  found  that  a  heart  ligatured  above  the  auriculo-ventricular  groove, 
when  filled  with  pure  serum,  jiroduced  groups  of  pulsations  with  a  long  diastolic 
pause  between  every  two  groups  {Fig.  59).  The  successive  beats  in  each  group 
assume  a  "staircase  "  character  (p.  126).  These  periodic  groups  undergo  many 
changes  j  they  occur  when  the  heart  is  filled  with  pure  scrum  free  from  blood 
corpuscles,  and  they  disappear  and  give  place  to  regular  pulsations  when  defibrin* 
ated  blood  or  serum  containing  haemoglobin  or  normal  saline  solution  is  used 
{Rossbach),  They  also  occur  when  the  blood  within  the  heart  has  become  dark- 
colored,  /,  e.y  when  it  has  been  deprived  of  certain  of  its  constituents,  and  if  a 
trace  of  veratrin  be  added  to  bright  red  blood  they  occur.] 
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(6)  An  apex  preparation^  when  stimulated  with  even  a  weak  induction  shock, 
always  gives  its  maximal  contraction,  and  when  a  tetanizing  current  is  applied, 
tetanus  does  not  occur  {Kronccktr  and  S/iHirtg).  When  tlie  opening  and  closing 
shocks  of  a  sufficiently  strong  constant  current  are  applied  to  the  heart  apex,  it 
contracts  with  each  closing  or  opening  shock.  [When  a  constant  current  is  applied 
to  the  lower  two-thirds  of  the  ventricle  (heart  apex),  under  certain  conditions  the 
apex  contracts  r/rvMrn/VaZ/c.     This  is  an  important  fact  in   connection  with  any 


theory  of  the  cardiac  beat.] 
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(7)  If  the  bulbus  aortae  (frog)  be  ligatured,  it  still  pulsates,  provided  the  inter- 
nal pressure  be  moderate.  Should  it  cease  to  beat,  a  single  stimulus  makes  it 
respond  by  a  scries  of  contractions.  Increase  of  temperature  to  35°  C,  and  rais- 
ing the  pressure  within  it,  increase  the  number  of  pulsations  i^Engeimann^. 

Action  of  Fluids. — Haller  was  of  opinion  that  the  venous  blood  was  the 
lutural  stimulus  which  caused  the  heart  to  contract.  That  this  is  not  so,  is  proved 
at  once  by  the  fact  that  the  heart  beats  rhythmically  when  it  contains  no  blood. 
Blood  and  other  fluids  which  are  supplied  to  an  excised  heart  are  not  the  cause  of 
its  rhythmical  movements,  but  only  the  conditions  on  which  these  movements 
depend. 

[Metboda. — ^The  study  of  the  action  of  fluidi  upon  the  excised  frog's  heail  hu  been  rendered 
potsUile  tjy  the  invention  of  Lutlwig's  "  frog  msnoroeter."  The  appartliu(Fig.  60)  conitsts  of 
II)  adoubte-way  cannula,  <-,  which  is  tied  into  the  heart,  h  ; 
(3)  a  manometer,  m.  connected  with  c^  and  ref^istering  the 
■lomncnts  of  its  mercury  on  a  revolving  cylinder,  eyi ;  (3) 
two  Mariotte's  tiasks.  it  and  ^,  which  are  connected  ^tith  the 
other  limb  of  the  cannula.  Either  a  os  b  can  be  placed 
io  communicaiioo  with  the  interior  nf  the  heart  by  means  of 
the  ftop-cock,  J.  The  fluid  in  one  graduated  tube  may  be 
poiaooed,  and  the  other  not;  t/is  a  glass  vessel  for  fluid,  in 
which  the  heart  pulsates,  e^  and  e  are  electrodes,  e  Is  inserted 
iniothc  fluid  in  d,  t'  U  attached  to  tbe  German  silver  cannula 
which  is  sbowti  in  Fig.  61.] 

[In  the  tonometer  of  Koy  (Fig.  62)  the  %-entriclc,  k^  or 
the  whole  hean,  is  placed  in  an  air-t^ht  cbamtier,  ^,  filled 
with  oil.  At  before,  a  **perfniion  "  cannula  is  tied  into  the 
heart.  A  pirion,/>,  works  up  and  down  in  a  cylinder,  and 
is  adjusted  by  means  of  a  thin  flexible  animal  membrane, 
Bocfa  aa  is  used  by  perfumers.  Attached  to  the  piston  by 
means  of  a  thread  is  a  writiog  lever,  /,  which  records  the 
variations  of  pressure  within  the  chamber,  q.  When  ihc 
vcmrtcte  contracts,  it  become*  smaller,  diminishes  the  prcs- 
aare  within  >',  and  benoe  the  piston  and  lever  rise  -,  cnn- 
verscly,  when  the  heart  dilates,  tlte  lever  and  piston  descend. 
Variations  in  tbe  volume  of  the  ventricle  may  be  registered, 

wilhoai  in  anyway  interfering  with  iIk  flow  of  fluids  through    Srhcae  of  a  iroc  naaoneter.    n.j.Har^ 
iLl  oil'-S  flail^irtor  thenutiicat  fluids.  », 

tTwo  preparation,  of  the   frog's  heart  have  been  used-  n^V/Vurrcup^fol'^T^.TX: 

(I)  The  *•  heart,    tn  which  case  the  cannula  is  introduced  tnxlo.  <>/, revut«iDg  cylinticr. 

into  the  heart  through   the  sinus  venosus,  and  a  ligature  is 

tied  over  it   artmnd  the  awiilr,  i.  /.,  abm-/  the  aanculo<ventricular  groove.     Thus  the  aaricuk>- 
Tcoiricttlar  ganglia  and  other  nervous  slruautes  remain  In  the  preparation.    This  was  tbe  bean 
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preparation  employed  by  I.uciari  and  Rossbach.  ( 2)  In  the  **  beart  apex,"  or  apex  preparaiion, 
the  cannula  is  inlruiluced  as  berore,  but  the  ligature  is  tied  on  il  over  itic  veniriclc,  several  milli- 
metres hfl(nv  the  auriculn-venlriculor  groove,  »o  (hat  ihis  preparation  contains  none  of  the  auriculo- 
ventricular  ganglia,  and,  according  to  (he  usual  statement,  this  part  of  the  heart  is  devoid  of  nerve 
ganglia.  This  is  the  prcpnntion  which  was  u<ied  by  Howditch,  Kronccker  ami  Stirlinf^,  Menino- 
wict,  and  others.  The  tirsi  effect  nf  the  applicaiion  of  the  ligature  in  both  ca<i»  is,  that  both  prepa- 
rations cease  10  beat,  but  the  "  heart "  usually  resumes  its  rhythmical  cuntracttuns  within  several 
minutes,  while  the  "  heart  apes  "  docs  not  contract  spontaneously  until  after  a  much  longer  lime 
(10  to  90  rains.).] 

r  I  f  the  *'  heart  apex  "  he  filled  with  a  0.6  per  cent,  solaiion  of  common  salt,  the  conlraclioos  or* 
at  nrst  of  greater  extent,  but  they  afterward  cease,  and  the  preparation  passes  into  a  condition  ol 
**  apparent  denth,"  lasting;  30-90  mins. ;  while,  if  the  action  of  the  fluid  be  jirolnngcd,  the  heait 
may  nut  contract  at  all,  even  when  it  is  stimulated  electrically  or  mechanically.  It  may  he  made, 
however,  to  pulsate  again,  if  it  he  supplied  with  saline  solution  containing  blood  (i  to  10  percent.). 
If  the  ventricle  be  nipped  with  wire  forceps  at  the  junction  of  the  upper  with  its  middle  third,  so  as 
to  separate  the  tower  two-thirds  of  the  ventriclCt  physiologically  but  not  anatomically,  from  the  rest 
of  the  heart,  then  the  apex  will  cease  to  contract,  although  it  i-s  still  supplied  with  the  frog**  own 
blood  {Bit-HiUin,  JiowMtcfi).  The  physiologically  isolated  apex  rooy  be  made  to  beat  by  clamping 
the  nonic  hranchex  so  a5i  to  prevent  blood  passing  out  of  the  heart,  and  thus  raising  the  tnlra-canliac 
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pressure.  The  rate  of  the  beat  of  the  apex  is  indqwndent  of  and  slower  than  that  of  the  rest  of 
the  heart.  This  ex|}eriment  proves  that  the  amount  of  pressure  within  the  apex  cavity  is  an  im- 
portant factor  in  the  causation  of  (he  spontaneous  heals  of  (be  apex.  If  blood  serum,  to  which  s 
trace  of  delphiuin  is  added,  be  transfused  or  "ptrfmed"  through  the  heart,  it  begins  to  be«l 
within  a  minute,  continues  to  beat  for  several  seconds,  and  then  stands  still  in  diastole  {B<nk>Mtck). 
Quinine  and  a  mixture  of  atropine  and  muscann  have  a  similnr  action.  These  experiments  show 
thai,  friTfiiied  no  nrnwus  afpttraiui  rxitts  ivilhin  the  heart  iifxx,  the  cause  of  the  varying  coutrac* 
tion  is  to  be  sought  for  in  the  musculature  nf  the  heart,  and  that  the  .stimulus  necessary  for  the 
sysiole  of  the  heart's  apex  may  aiise  within  itself.  If  there  is  no  nervous  apparatus  of  any  kind 
present,  then  we  must  aiv.sume  that  the  heart  muscle  may  execute  rhythmical  movements  independently 
uf  the  presence  of  any  nervous  mechanism,  although  it  is  usually  as.sumed  that  the  ganglia  excite 
the  heart  muscle  to  puls.ite  rhythmically.  It  is  by  no  means  defimtely  proved  \\\si.  the  heart  apex  is 
devoid  of  all  nervous  struaures,  which  may  act  as  originators  of  these  rh>'thnvical  impulses.] 

[Action  of  Drugs.— If  the  heart  apex  contains  no  nervous  structures,  it  must  form  a  good  object 
for  the  study  of  the  action  of  drugs  on  the  cardiac  muscle.  Some  of  these  have  been  mentioned 
already,  Ringer  finds  that  a  calcium  salt  makes  the  contractions  higher  and  longer.  J}ilufe  itctdi 
added  to  saline  solution,  c^.,  lactic,  cause  complete  relaxation  of  the  cardiac  musculature,  while 
dilute  u/Jtij/iej  produce  an  opposite  effect  ur  tunic  contraction,  even  though  the  apex  be  not  pulsating. 
The  action  of  ft  dilute  acid  may  be  set  asde  by  a  dilute  alkali,  and  vitt  vrrri.     Digitalin,  aoiiaho. 
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httnuffl,  and  veratria  act  like  alkalies,  while  saponin,  muscaiin,  and  pilocarpln  hav«  ihe  tfTect  of 
acidt  ( jl  65).  An  i&olaled  frog's  heart,  fatigued  after  being  supplied  with  a  solution  of  bloud,  it 
CU»cd  to  \kM  more  vigorously  hy  a  solution  of  kreatinin,  or  extract  of  meat  (Afays).] 

[The  **  heart"  preparation  in  many  respects  behaves  like  the  foregoing,  i.^.,  it  i»  exhausted  after 
a  time  by  the  cnniinueii  application  of  normal  saline  solution  (0.6  per  cent.  NaCl),  while  its  activity 
m«y  be  retiored  hy  supplying  it  with  albuminous  and  other  fluids  (p.  120).] 

II.  Direct  Stimulation  of  the  Heart. — AH  direct  cardiac  stimuli  act  more 
energetically  on  the  inner  than  on  the  outer  surface  of  the  heart.  If  strong 
stimuli  are  applied  for  too  long  a  time,  the  ventricle  is  the  part  first  paralyzed, 

{m)  Thermal  Stimuli. — [Heal  affects  the  number  or  /re- 
fm*mfjr  and  ihe  amplitude  of  the  pulsations,  as  well  as  the 
dttratieM  of  the  systole  and  diastole  and  the  fx<\U%biHty  of  the 
Iwmn.]  Descartes  (1644)  observed  thai  heat  increaj^s  llic 
Bsmber  of  puluitions  of  an  eel's  heart.  As  the  temperature 
incrrascs.  tlie  nomber  of  beats  is  at  tlrst  considerably  increased, 
bat  afterward  the  beats  again  become  fewer,  and  if  the  tempeta< 
tore  t*  raised  above  a  certain  limit  the  heart  stands  still,  the 
myosin  of  which  its  fibres  conMst  is  coagulated,  ami  *' heat 
rigor"  occurs.  Even  before  this  stage  is  reached,  however, 
the  heart  may  stand  still,  the  muscular  fibres  appearing  to  re- 
■uin  conlracled.  The  ventricles  usually  cease  10  beat  before 
Ibe  auricles  f  S{h<lske),  The  iize  and  extent  of  the  contractions 
iDCTcasc  up  to  about  20°  C,  but  above  this  point  they  diminish 
(Fif.  63).  The  time  occupied  by  any  single  contraction  at  20° 
C.  ii  only  about  ^  of  ihe  time  occupied  by  a  contraction  occur- 
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line  at  5**  C.  A  heart  which  has  been  warmed  is  capable  of  reacting  pretty  rapidly  to  intermittent 
Hininlt,  while  a  heart  at  a  low  temperature  reacts  only  to  stimuli  occurring  at  a  considerable 
mtrtaH  (Gau/e). 

Cold. — When  the  temperature  of  Ihc  blood  is  diminished,  the  heart  beats  more  ^ilowly.  A  frog's 
^aff,  placed  between  two  watch  glasses  and  laid  on  ice,  beats  very  much  more  slowly.  The  pul- 
MiQiu  of  a  frog's  heart  stop  when  the  heart  is  exposed  to  a  tem[>eraiure  of  4"  C.  to  0°.  If  a  frog's 
Imm  be  taken  out  of  warm  water,  and  suddenly  placed  upon  ice,  it  beats  more  rapidly,  and  con- 
nndy,  if  it  be  taken  from  ice  and  placed  over  warm  waier,  it  beats  more  slowly  at  first  and  more 
QH'y  afterward  (^ArittPU'), 

[Uitbods. — The  effect  of  heat  on  a  heart  may  be  studied  by  the  aid  of  the  frog  manometer. 
iWbiM  in  which  Ihe  heart  is  placed  being  mised  to  any  temperature  required.  For  demonstration 
pB^caev  the  heart  of  a  pithed  frog  is  evci.'>cd  and  placed  on  a  glass  slide  under  a  light  lever,  such 
Usftnw.  The  slide  is  wariued  by  means  of  a  spirit  lamp.  In  this  way  the  frequency  and  aropli- 
OJeof  the  contractions  are  readily  made  %-isihlc  at  a  distance.] 

I']  Mechafiical  Stimuli. — Pressure  applied  to  the  heart  frum  without  accelerates  its  action.  In 
tbecueof  Frau  Serafin,  v.  Zicmjiscn  found  that  slight  pressure  on  the  auriculo-verwricular  groove 
aiucd  a  second  short  contraclion  of  both  ventricles  after  the  heart  heat.  Strong  pres-iure  causes  a 
*TTT  .negalar  action  of  the  cardiac  muscle.  This  may  readily  be  produced  by  conipres&ing  the 
^'Ijr  eacued  lieart  of  a  dog  between  the  lingers.  The  intra-cardiac  pressure  also  affects  the 
ban  beat  (p.  134).  If  the  jiressure  withm  the  heart  be  increaMrd.  the  heart  beats  arc  gradually 
•*«a*Ht  if  it  \ie  diminished  the  number  of  beais  diminishes  (Ludwii^  and  TAiry).  If  Uic  intra* 
'"^ac  prrMure  be  very  greatly  increased,  the  heart's  action  becomes  very  irregular  and  slower.  A 
^*M  which  has  ceased  |o  Iwal  may,  under  certain  circumslaiices,  be  caused  to  execute  a  stHgie 
*^*in£lion  if  it  l>e  stimulated  mechanically. 

(<l  Electrical  Stimuli. — A  constant  electrical  cunenl  of  moderate  slreagth  increases  the 
Mtticrof  heart  beats.     V.  Ziemsaeo  found,  in  the  case  of  Frau  Serafin  ({  47,  j),  tliat  the  uumbef 
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of  beats  WIS  doubled  when  a  constant  uninterrupted  strong  current  was  passed  through  the  rentii 
ctes.  If  the  constant  current  be  very  strong,  or  if  teiani/ing  induction  currents  be  used,  the  cardiac 
muscle  assuincsi  a  condition  rcsembliug,  but  not  identical  with,  tetanus  [Ludutig  and  lioffa'), 
and,  of  Course,  this  results  in  a  fall  of  the  b3oo<l  presKure.  If  the  auricu I o- ventricular  groove  be 
compressed  so  ns  to  cauie  the  ventricle  of  a  frog's  heart  to  cease  to  beat,  on  placing  one  electrode 
of  a  constant  current  on  the  ventricular  wall  and  the  other  electrode  on  an  indifferent  part  of  the 
body,  we  obtain,  on  making  the  current,  a  sjrstolic  contraction  of  (he  ventricle  only  when  the 
Cathode  touches  the  ventricle ;  and  conversely  on  Inraking,  only  when  the  anode  is  on  the  heart 
\Biedermattn). 

When  a  single  induction  shock  is  applied  to  the  ventricle  of  a  frog's  heart  during  systole,  it 
has  no  apparent  ctTect;  but  if  it  is  applied  during  diastole,  the  succeeding  contraction  takes  place 
sooner.  The  auricles  and  also  the  apex  behave  in  a  similar  manner.  White  they  are  contracted, 
an  induction  shock  has  no  effect;  if,  however,  the  Mimuliu  is  a^^lied  during  diastole,  it  caases  a 
contraction,  which  is  followed  by  systole  of  the  ventricle.  Even  when  strong  lelanieing  iadaeiioD 
shocks  are  applied  to  the  heart,  they  do  not  produce  Uianux  of  the  entire  cardiac  musculature,  or 
as  It  is  said,  "the  heart  knows  no  tetanus"  {Kronetkfr  and  Stiriin^).  Small,  white.  local,  whcallikc 
elevations — such  as  occur  when  the  inicstinul  musculature  is  stimulated — appear  between  the  elec- 
trodes. They  may  lost  several  minutes.  A  frog's  heart,  which  yields  wenk  and  irregular  contrac- 
tions, may  be  made  to  execute  regular  rhythmical  contractions  synchronous  with  the  stimuli,  if 
electrical  stimuli  are  used  {Botodit/h), 

[Break  induction  shocks,  if  of  sumcient  strength,  cause  the  heart  to  contract,  white  weak  stimoli 
have  no  effect ;  on  the  other  hand,  motleraie  siimoU,  when  they  do  cause  the  heart  to  contract, 
always  cause  a  maximal  contraction,  so  tliat  a  minimal  stimulus  acts  at  the  same  time  like  a  maxi* 
mal  stimulus.  The  heart  either  contracts  or  it  does  not  contract,  and  when  it  contracb^  the  resall 
is  always  a  "maximal"  contraction  (A'r(TH/r.(^r  and  Stir/ini;).  Rowditch  found  that  the  exdta> 
bility  of  the  heart  was  increased  by  its  own  movements,  so  that  after  a  heart  had  unce  coulracted, 
the  strength  of  the  Mimulus  required  to  excite  the  next  contraction  may  be  greatly  diminished,  and 
yet  the  stimulus  be  effectual.  Usually  the  amplitude  of  the  first  beat  so  produced  is  not  so  great  as 
the  second  beat,  and  the  second  is  less  than  the  thirds  so  that  a  *■  staircase"  ("Treppe")  of  beats 
of  succesaivcly  greater  extent  was  produced  (Fig.  59).  Under  certain  circumstances,  however, 
a  skeletal  muscle  gives  contractions  of  a  "staircase"  character.  This  staircase  arrangement  occurs 
even  when  the  strength  of  the  stimulus  is  kept  constant,  so  that  the  production  of  one  contraction 
facilitates  the  occurrence  of  the  succeeding  one.  A  staircase  arrangement  nf  the  pulsations  is  also 
seen  in  Luciani's  groups  (p.  122),  The  question,  whether  a  stimulus  will  cause  a  contraction, 
depends  upon  what  particular  phase  the  heart  is  in  when  the  shock  is  applied.  Kven  comparatively 
weak  stimuli  will  cause  a  heart  to  contract,  provided  the  stimuli  are  applied  at  the  proper  moment 
and  in  the  proper  tempo,  i.e.,  to  say,  they  become  what  are  called  "infallible."  If  stimuli  are 
applied  to  the  heart,  at  intervals  which  are  longer  than  the  lime  the  heart  takes  to  execute  its  con- 
iraaion.  they  are  effectual  or  "adequate,"  but  if  they  are  applied  before  the  period  of  pulsation 
comes  to  an  end,  then  they  are  ineffectual  {Krenecker],  It  is  quite  clear,  therefore,  that  the 
relation  of  the  strength  of  the  stimulus  to  the  exient  of  tbe  contraction  of  the  cardiac  muscle,  is 
quite  different  from  what  occurs  in  a  muscle  of  the  skeleton,  where  within  certain  limits  the  ampli- 
tude of  the  contraction  bears  a  relation  to  the  stimulus,  while  in  the  heart  the  contraction  is  always 
majiimti/.  ] 

Human  Heart. — V.  Ziemsscn  found  that  he  could  not  alter  the  heart  beats  of  the  human  heart 
(/row  Sera/in,  §  47,  3),  even  with  strong  induction  cvirrents.  The  ventricular  diastole  seemed  to 
be  less  complete,  and  there  were  irregularities  in  its  contraction.  By  opening  and  closing,  or  by 
reversing  a  strong  constant  current  applied  10  the  heart,  the  number  of  beats  was  increased,  and  the 
increase  corresponded  with  the  number  of  electrical  stimuli;  thus,  when  the  electrical  stimuli  were 
120, 140,  iSo,  the  number  of  heart  beats  was  the  same,  the  pulse  lieforrhand  being  80.  The  normal 
pulse  rate  of  80  was  reduced  to  60  and  50  when  the  number  of  shocks  was  reduced  in  the  same 
ratio.  [In  Frau  Serafin's  cose  the  electrodes  were  applied  to  the  hean,  separated  from  it  merely 
by  the  pericardium.  Ziemssen  found  that  the  Faradic  current  did  not  modify  the  heart's  aciioo 
when  the  thorax  was  intact,  but  tliat  the  constant  current  did,  if  of  sufhcient  strength.  Hcrfasl  and 
Dixon  Mann  oUained  negative  results  with  Iwth  kinds  of  electricity  in  the  normol  thorax.] 

[d)  Chemical  Stlmuli.^^{auy  chemical  substances,  when  applied  ta  a  dilute  solution  to  the 
inner  surface  of  the  heart,  increase  the  heart  beats,  whi!e  if  they  are  concentrated,  or  allowed  to  aa 
ton  long,  they  diminish  the  heart  heals,  and  paralyze  it.  Itile  and  bile  salts  diminish  the  heart 
beats  (also  when  they  are  ab<;orbed  into  the  blood,  as  in  jaundice) ;  in  very  dilute  solutions  both 
increase  the  heart  beats.  A  similar  result  is  produced  by  acetic,  tartaric,  citric,  and  phosphoric 
acids.  Chloroform  and  ether,  applied  to  the  inner  surface,  rapidly  dimmisli  the  heart  beats,  and 
then  paralyze  it;  but  very  small  quantities  of  ether  (l  per  cent.)  accelerate  the  heart  beat  of  the  frog 
{Krtmtci^  and  M^ Gregor-Rohcrtsctt),  while  a  solulioo  of  lyi  to  2  per  cent,  passed  through  the 
heart  arrests  it  temporarily  or  completely.  Dilute  solutions  of  opium,  strychnia,  or  alcohol  applied 
to  the  endocardium,  increase  the  heart  beats ;  if  concentrated  they  rapidly  arrest  its  action.  Chloral 
hydrate  paralyzes  the  heart. 
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Action  of  Oases. — When  blood  containing  diflTereot  gases  was  passed  through  a  frog's  heart, 

Kiug  found  that  blood  containing  sulphurous  acid  rapidly  and  completely  killed  the  heait;  chlorine 

ftiuiutatcd  the  heart  at  fir^, and  ukimaiely killed  it;  and  laui^hiii^  gas  rapidly  killed  it  also.     Blood 

containing  sulphuretted  hvdrogen  paralyxed  the  heart  without  stimulating  it.     Carbonic  oxide  also 

paralyzed  it,  but  if  fresh  blood  was  trantfused  the  heart  recovered,     f  lilood  containing  O  excites  the 

J  aeart   (Cattel/),  while  the  presence  of  much  CO,  paralyzes  it,  and  the  presence  <^  CO,  is  more 

Ijojurious  than  the  want  of  O.     Blood  or  serum  completely  saturated  with  CO,  exhausts  ibe  heart 

|(6^/Cf/  tiHi^  ATronff^er),  but  it  recovers  itself  when  the  CO,  is  removed.     H  and  N  have  no  effect.] 

Cmrdiac  Poisons  are  those  substances  whose  action  is  characterized  by  special  effects  upon  the 

laoTcincnts  of  the  heart.     Among  these  are  neutral  potash  salts,  which  cause  the  heart  to  stand 

imH  in  diastole.     An  excised  frog'R  heart  ceases  to  l>eat  after  one-half  to  one  minute  when  it  is  placed 

liii  a  2  per  cent,  solution  of  potassic  chloride.]      Even  a  very  dilute  solution  of  yellow  prus-siatc  of 

'i  injected  into  the  heart  of  a  frog  cau.-ves  the  ventricle  to  stand  still  in  systole.     Antlar  (Java 

poison}  causes  the  ventricle  to  stand  still  in  systole  and  the  auricles  in  diastole.     Some  heart 

r'Aons,  in  small  doses,  diminish  the  heart's  action,  and   in   large  iloscs  not  unfrcqucntly  accelerate 
.  e.  ^.,  digitalis,  morphia,  nicoiin.     Others,  when  given  in  small  doses,  accelerate  its  action,  and  in 
larsc  doses  stow  it — veratria,  aconitin,  camphor. 

Special  Actions  of  Cardiac  Poisons. — The  com]tlicated  actions  of  various  poisons  ujnn  the 

heart  have  led  observers  to  suppose  that  there  are  various  intra-cardiac  mechanisms  on  which  these 

nibclaaccs  may  act.     Besides  the  mnseular  fihret  of  the  heart  and  its  automatic goMglia^  some  toxi- 

colocitts  assume  that  there  are  inhibiiory  ganglia  into  which  the  inhibitoiy  fibres  of  the  vagus  pass, 

aiKlafrr/fr«/<7r^''dn^/((r,  which  are  connected  with  the  accelerating  nerve  fibres  of  the  heart.    Both  tht 

inkihUory  ami  acttUrat&r  ganglia  are  cotincdcd  with  the  automatic  ganglia  by  conducting  channels. 

Muscarin  and  all  other  Iriinethylammoiiium  liaset- stimulate  permanently  the  inhibitory  ganglia, 

so  that  the  hean  stands  still  {S<Mmi/<iebfrg  .rn-i  Koppt).      [According  to  GaskcH.  however,  when 

the  action  of  the  sinus  is  nircste<l  by  muscarin,  there  is  nu  dctlectiun  of  the  galvanometer  similar  to 

that  prodaccd  by  the  excitation  of  the  v.igus.     He  infers  that  muscarin  does  not  cause  arrest  of  the 

l<eat  by  acting  as  an  excitant  of  inhibitory  mechanisms,  but  us  a  depressant  to  motor  activity.]     As 

tlcopin  and  dalurin  paralyze  these  ganglia,  the  standstill  of  the  heart  brought  alxiut  by  mu!H:arin 

a^  be  set  aside  by  atroi)in.     [If  a  frog's  heart  be  excised  and  placed  in  a  watch  glass,  and  a  few 

dnifa  of  s  very  dilute  suluiion  of  muscarin  be  placed  on  it  with  a  pipette,  it  ceases  to  beat  within  a 

few  minutes,  and  will  not  beat  again.     If,  however,  the  muscarin  be  removed,  and  a  solution  of 

itnpine  applied  to  the  heart,  it  will  resume  its  contractions  after  a  short  time.]     Physostigmin  or 

Criabar  bean  excites  the  energy  of  the  cardiac  muscle  to  such   an  extent,  that  stimulation  of  the 

•igu  no  longer  causes  the  heart  to  stand  still,     lodine-aldehyd,  chloroform,  and  chloral  hydrate 

pKilyze  the  automatic  ganglia.     The  heart  stands  still,  and  it  cannot  be  made  to  contract  again  by 

■dopine.     The  cardiac  muscle  itself  remains  excitable  after  the  action  of  muscarin  and  iodine- 

llddiyil,  so  that  if  it   be  stimulated  it  contracts.     [According  to  Goskell,  antiarin  and  digitalin 

•alalion*  produce  an  alteration  in  the  condition  of  the  muscular  tissue  of  the  apex  of  the  heart  of 

ilRiunc  nature  as  that  produced  by  the  action  of  a  very  dilute  alkali  solution,  while  the  action  of  a 

H»il  MlutioD  containing  muscarin  closely  resembles  that  of  a  dilute  acid  solution  (p.  Ij8,  \  65).] 

[Nature  of  a  Cardiac  Contraction. — The  question  as  to  whether  this  is  a 
wtiiplc  contraction  or  a  compound  tetanic  contraction  has  been  much  di.scusscd. 
So  touch  is  certain,  that  the  systolic  contraction  of  the  heart  is  of  very  much  longer 
dnntion  (8  to  10  times)  than  the  contraction  of  a  skeletal  muscle  produced  by 
stimulation  of  its  motor  nerve.  When  the  sciatic  nerve  of  a  nerve-muscle  prepa- 
ation  is  adjusted  upon  a  contracting  heart,  a  simple  secondary  twitch  of  the  timb, 
>(k1  not  a  tetanic  spasm,  is  produced  when  the  heart  (auricle  or  ventricle)  con- 
tticls.  This  of  itself  is  not  sufficient  proof  that  the  systole  is  a  simple  spasm,  for 
tetanus  of  a  muscle  does  not  in  all  cases  give  rise  to  secondary  tetanus  in  the  leg 
of  a  rhcoscopic  limb.  Thus,  a  simple  "initial"  contraction  occurs  when  the 
'»erve  is  applied  to  a  muscle  tetantzed  by  the  action  of  strychnia,  and  the  con- 
inciet]  diaphragm  gives  a  similar  result.  The  question  whether  the  heart  can  be 
Waniicd  has  been  answered  in  the  negative,  and  as  yet  it  has  not  been  shown 
liut  the  heart  can  be  tetanized  in  the  same  way  that  a  skeletal  muscle  is  tetanized.] 

[MacWilliam  finds,  when  the  quadriceps  extensor  cruri.<i  conlrad-s  to  cause  the  knee  jerk,  that  a 
■wid  utnikr  to  the  first  sound  of  the  heart  is  heard.  As  the  former  is  regarded  as  a  simple  con- 
I'vtioa,  it  is  argued  that  a  simple  contraction  can  produce  a  muscle  sound.  Frid^nct]  regards  the 
**nincsUr  systole  not  as  a  simple  contraction,  but  as  composed  of  three  or  more  fused  contractions 
*i**iCipoK)ing  to  tetanus.  This  he  concludes  from  a  study  of  cardiograms  as  well  as  from  the 
^«n».motive  phenomena  of  the  bean] 

The  peripheral  or  extra-cardiac  nerves  (§§  369  and  370). 


128 


THE   CARDIO-PNEUMATIC    MOVEMENT. 


59.  CARDIO-PNEUMATIC  MOVEMENT.— As  the  heart  within  the 
thorax  occupies  a  smaller  space  during  the  systole  than  during  the  diastole,  it 
follows  that,  when  the  glottis  is  open,  air  must  be  drawn  into  the  chest  when  the 
heart  contracts;  whenever  the  heart  relaxes,  /'.  <.,  during  diastole,  air  must  be 
expelled  through  the  open  glottis.  But  we  must  also  take  into  account  the  degree 
to  which  the  larger  intra-lhoracic  vessels  are  filled  with  blood.  These  movements 
of  the  air  within  the  lungs,  although  slight,  seem  to  be  of  importance  in  hiber- 
nating animals.  In  animals  in  this  condition,  the  agitation  of  the  gases  in  the 
lungs  favors  the  exchange  of  COj  and  O  in  the  lungs,  and  this  slow  current  of  air 
b  sufficient  to  aerate  the  blood  passing  through  the  lungs.  [Ccradini  called  the 
diminution  of  the  volume  of  the  entire  heart  which  occurs  during  systole  meio- 
cardia,  and  the  subsequent  increase  of  volume,  when  the  heart  is  distended  to  its 
maximum,  auxocardia.] 

Method. — A  manometris  flame  may  Ijc  used.  Insert  one  limb  of  a  Y-i'ihe  into  the 
trachea  of  an  animal,  while  the  other  limb  passes  to  a  small  gan  jet,  and  conned  the  olber  tube  with 
the  gas  supply.  The  movcmenls  of  the  heart  afTcct  the  column  ai  gar,  and  thus  affecl  the  Hame. 
It  may  also  be  done  in  man  l>y  insening  the  tube  into  one  nostril,  while  the  other  nostril  and  the 
mouth  are  closed.  [A  simpler  and  less  irritating  plan  iis  to  fill  a  wide  curved  glass  tube  with  tobacco 
imoke,  and  insert  one  end  of  the  tube  into  one  nostril  while  the  olher  nostril  and  the  mouih  are 
closed.  If  the  glottis  be  kepi  open,  and  respiration  be  slopped,  then  the  movements  of  the  column 
of  smoke  within  the  tube  are  obvious.  Or  a  manometer  containing  a  drop  of  a  colored  fluid  may ' 
used  under  the  same  conditions.] 
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Ijtniloit'  cartlio-pneuindf  raph,  and  the  curvo  obtained  thcrewilli.        A   snd   11,  front  man,   1  uihI  s  CJOtTCTpfwwi  !• 
the  pchodi  of  the  tint  and  second  hcjirt  aounda  :   C,  from  dog;   D,   method  of  ualn^  (lie  appaiutu. 

The  cardiac  pneumograph  (Hg.  64)  coniists  of  a  tube  (D).  about  I  inch  in  diameter  and  6  lo 
S  inches  in  Ict^ih;  the  tube  is  tx:nt  at  a  right  angle,  and  communiciues  with  a  small  metal  capsule 
about  the  size  of  a  saucer  (T),  over  which  a  membrane  composed  of  collodion  and  castor  rii|  is 
loosely  stretched.  To  this  membrane  is  attached  a  glass  rod  (H)  used  .19  a  writing  style,  which 
records  its  movements  on  a  glass  plnle  (S)  moved  by  clock  work.  A  small  valve  (K)  is  placed  on 
the  side  of  the  tube  (D),  which  enables  the  experimenter  to  breathe  when  necessary.  'ITie  tube 
(D)  is  held  in  .in  air-tight  manner  between  the  lips,  the  nnstriU  being  closed,  the  glottis  open,  and 
respiration  stopped.     In  the  curves  (Fig.  64,  A,  It)  we  observe  that — 

( I )  At  the  moment  of  the  first  sound  ( \ )  the  respiratory  gases  undergo  a  sharp  expiratory  move- 
ment, because  at  the  moment  of  tbe  first  part  of  the  ventricular  systole  the  blood  of  the  ventricle  has 
not  left  the  thorax,  while  venous  blood  is  s)reamiiig  into  the  right  auricle  through  the  ven*  cav;e, 
and  because  the  dilating  branches  of  the  pulmonary  artery  compress  the  accompanying  bronchi. 
1'he  blood  of  the  right  ventricle  has  not  yet  left  the  thorax,  it  passes  merely  into  the  pulmonary 
circuit.     The  expiratory  movement   'w  ilvmint^ht'd  somewhat  (o)  by  the  muscular  mass  of  the  ven* 
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thcle  occupying  slightly  less  liullc  durinjj  the  contraction,  and  (}3)  owing  lo  the  thoracic  cavity  being 
klightly  increased  by  llie  fifth  intercostal  space  being  pushed  forward  hy  the  cardiac  impulse. 

(2)  Immediately  after  (l )  there  follows  a  strong  itiitpiralory  current  of  the  rcspiralory  ga&es.  As 
soon  as  ihe  blood  from  the  root  of  the  aorta  reaches  thnt  port  of  the  aorta  lying  outside  the  thorax, 
more  blood  leaves  the  chest  than  passes  into  tt  simultancausly  through  the  venx'  cavu.*. 

(3)  After  the  second  sound  {at  2).  indicated  sometimes  by  a  flight  depression  in  the  apex  of  the 
curve,  the  arterial  blood  accumulates,  and  hence  there  is  another  expiratory  tuovemctil  in  the  curve. 

(4)  The  peripheral  wave  movements  of  the  blood  from  the  thorax  cause  another  inspiratory 
movcmenl  of  the  gases. 

(5)  More  blood  Bows  into  the  chett  thmngh  the  veins,  and  the  next  heart  beat  ocean. 

60.  INFLUENCE  OF  THE  RESPIRATORY  PRESSURE  ON 
THE  HEART. — The  variation  in  pressure  to  which  all  the  intra-thoracic 
organs  are  subjected,  owing  lo  the  increase  and  decrease  in  the  size  of  the  chest 
caused  by  Ihe  respiratory  movements,  exerts  an  influence  on  the  movements  of 
the  heart.  Examine  6rst  the  relations  in  different /<wj/f^  canditiom  0/  the  thorax^ 
when  the  ghiii's  is  open. 

The  diastolic  dilatation  of  the  cavities  of  the  heart,  besides  the  pressure  of  the 
venous  blood  and  the  elastic  stretching  of  the  relaxed  muscle  wall,  is  fundamen- 
tally due  to  the  elastic  traction  of  the  lungs.  This  is  stronger  the  more  the 
lungs  are  distended  (inspiration),  and  is  less  active  the  more  the  lungs  are  con- 
tracted (expiration).     Hence  it  follows^ — 

(t)  When  the  greatest  possible  expiratory  effort  is  made  (of  course,  with  the 
glottis  open,  only  a  small  amount  uf  bluud  flows  into  the  heart;  the  heart  in 
diastole  is  small  and  contains  a  small  amount  of  blood.  Hence  the  systole  must 
also  be  small,  thus  causing  a  small  pulse  beat. 

(2)  On  taking  the  greatest  possible  inspiration  (with  the  glottis  open),  and 

therefore  causing  the  greatest  stretching  ot  the  elastic  tissue  of  the  lungs,  the 

elastic  traction  of  the  lungs  is,  of  course,  greatest  =  30  inm.  Hg  {Dofu/t-rs),  and 

may  interfere  with  the  contraction  of  the  thin-walled  atria  and  appendices,  in 

consequence  of  which  these  cavities  do  not  completely  empty  themselves  into  the 

ventricles.     The  heart  is  in  a  state  of  great  diastolic  distention,  and  filled  with 

Wood  ;  nevertheless,  in  consequence  of  the  limited  action  of  the  auricles,  only 

small  pulse  beats  are  observed.     In  several  individuals  Donders  found  the  pulse 

lobe  smaller  and  slower;  afterward  it  became  larger  and  faster. 

(3)  When  the  chest  is  in  a  position  of  moderate  rest,  whereby  the  elastic 
ttaction  is  moderate  ^  y.s  Tnm.  Hg,  we  have  the  condition  most  favorable  to  the 
KlioQ  of  the  heart — suf^cient  diastolic  dilatation  of  the  cavities  of  the  heart,  as 
tell  as  unhindered  emptying  of  them  during  systole. 

Voluntary  increase  or  diminution  of  the  intra-thoracic  pressure 
affwis  the  action  of  the  heart. 

II)  Valsalva's  Experiment  (1740). — If  the  thorax  is  fixed  in  the  position 
of  deepest  inspiration,  and  tlie  glottis  be  then  closed,  and  if  a  powerful  expiratory 
effon  be  made  by  bringing  into  action  all  the  expiratory  muscles,  so  as  to  contract 
the  chest,  the  cavities  of  the  heart  are  so  compressed  that  the  circulation  of  the 
blood  is  temporarily  interrupted.  In  this  expiratory  phase  the  elastic  traction  is 
«ry  limited,  and  the  air  in  the  lungs  being  under  a  high  pressure  also  acts  upon 
the  heart  and  the  intra-thoracic  great  vessels.  No  blood  can  pass  into  the  thorax 
from  without ;  hence  the  visible  veins  swell  up  and  become  congested,  the  blood 
in  the  lungs  is  rapidly  forced  into  the  left  ventricle  by  the  compressed  air  in  the 
lQpgs,and  the  blood  soon  passes  out  of  the  chest,  so  that  the  heart  and  lungs  con- 
tain little  blood,  thus  leading  10  a  greater  supply  of  blood  in  the  systemic  than  in 
tl>c  palmonary  circulation  and  the  heart.  The  heart  sounds  disap]>ear,  and  the 
[niseis  absent  {E.  If.   IVebfr,  Danders). 

f»)  J.    Miiller's    Experiment    ( 1838). — Conversely,  if  after  the  deepest 
[•owible  expiration  the  glottis  be  closed,  and  the  chest  be  now  dilated  with  a  great 
impiratory  effort,  the  heart  is  powerfully  dilated^  the  elastic  traction  of  the  lungs. 
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and  the  very  attenuated  air  in  these  organs,  act  so  as  to  dilate  the  cavities  of  the 
heart.  More  blood  flows  into  the  right  heart,  and,  in  proportion  as  the  right 
auricle  and  ventrtele  can  overcome  the  traction  outward,  the  blood  vessels  of  the 
luo^  become  filled  with  blood,  and  thus  partly  occupy  the  lung  space.  Much  less 
blood  is  driven  out  of  the  left  heart,  so  that  the  pulse  may  disappear.  Hence 
the  heart  is  distended  with  blood  and  the  lungs  are  congested,  while  the  aortic 
system  contains  a  small  amount  of  blood,  /".  r.,  the  systemic  circulation  is 
comparatively  empty,  while  the  heart  and  the  pulmonary  vessels  are  engorged 
with  blood. 

In  normal  respiration,  the  air  in  the  lungs  during  inspiration  is  under  slight 
pressure,  while  during  expiration  the  pressure  is  higher,  so  that  these  conditions 

Fig.  65. 


1. 


AppAnitm  (or  den  outre  1 1  rm  the  action  of  iiuplrsliOD,  11,  and  expiration,  I,  on  lh«  heart  and  blood  atreaM.  P,  /, 
lunf»:  H.A,  heart;  L,7,  cloned  ftottb;  M,  m,  manotneiers:  E,  *,  Incolng  blood  ■trewo,  vsltt;  Ai«tOU((aJn( 
blood  fttream,  aiicry;  D.dlaphracin  dtuinjc  expiratiOD  ;  ^,  during  implrstioiL 


favor  the  circulation  ;  inspiration  favors  the  occurrence  of  diastole,  the  supply  of 
blood  (and  lymph)  through  the  venje  cavae.  In  operations  where  the  axillary  or 
jugular  vein  is  cut,  air  may  be  sucked  into  the  circulation  during  inspiration,  and 
cause  death.  Expiration  favors  the  flow  of  blood  in  the  aorta  and  its  branches, 
and  aids  the  systolic  emptying  of  the  heart. 

The  elastic  traction  of  the  lungs  aids  the  lesser  circulation  through  the  lungs  ; 
the  blood  of  the  pulmonary  capillaries  is  exposed  to  the  pressure  of  the  air  in  the 
lungs,  while  the  blood  in  the  pulmonary  veins  is  exposed  to  a  less  pressure,  as  the 
elastic  traction  of  the  lungs,  by  dilating  the  left  auricle,  favors  the  outflow  from 
the  capillaries  into  the  left  auricle.  The  elastic  traction  of  the  lungs  acts  slightly 
as  a  disturbing  agent  on  the  right  ventricle^  and,  therefore,  on  the  movement  of 
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blood  through  the  pulmonary  artery,  owing  to  the  overpowering  force  of  the  blood 
stream  through  the  pulmonary  artery,  as  against  the  elastic  traction  of  the  lungs 
(^Danders). 

The  above  apparatus  (Fig.  65)  shows  the  effect  of  the  inspiratory  and  expiratory  movements  on 
the  dilatation  of  the  heart,  and  on  the  blood  stream  in  the  large  blood  vessels.  The  large  glass 
Tessel  represents  the  thorax ;  the  elastic  membrane,  D,  the  diaphragm ;  P.  /,  the  lungs ;  L,  the 
trachea  supplied  with  a  stop-cock  to  represent  the  glottis ;  H,  the  heart ;  E,  the  venae  cavx ;  A,  the 
aorta.  If  the  glottis  be  dosed,  and  the  expiratory  phase  imitated  by  pushing  up  D  as  in  I,  the  air 
in  P,  P  and  the  heart  H  are  compressed,  the  venous  valve  closes^  the  arterial  is  opened,  and  the 
fluid  is  driven  out  through  A.  The  manometer,  M,  indicates  the  intra-thoracic  pressure.  If  the 
glottis  be  closed,  and  the  inspiratory  phase  imitated,  as  in  11,/,/  and  h  are  dikted,  the  venous 
valve  opens,  the  arterial  valve  closes ;  hence,  venous  blood  flows  from  e  into  the  heart,  Thus,  inspi- 
ration always  favors  the  venous  stream,  and  hinders  the  arterial ;  while  expiration  hinders  the  venous, 
and  favors  die  arterial  stream.  If  the  glottis  L  and  /  be  open,  the  air  in  P,  P,  /,  /  will  be  changed 
during  the  respiratory  movements  D  and  d,  so  that  the  action  on  the  heart  and  blood  vessels  will  be 
diminished,  but  it  will  still  persist,  although  to  a  much  less  extent. 


THE  CIRCULATION  OF  THB  BLOOD. 


6x.  FLOW  OF  FLUIDS  THROUGH  TUBES.— Toricelli's  Theorem  slttes  thit  ifa 
velocity  of  eOlux  (r)  uF  a  Huid — through  an  0[>«nuig  at  the  bctiuin  of  a  cylindrical  vessel— is  exact! 
Ihe  same  as  the  vctoctly  which  a  body  falliot;  freely  would  ac(|uire,  were  it  tu  fall  from  the  iiurface  ^ 
the  fluid  to  the  base  of  the  ori6ce  of  the  outflow.  If  A  be  the  height  of  the  propelling  force,  (fa 
velocity  of  efflux   is  yiven  by  the  formula — 

V  —  j/2^'4  (where  _^'-^  9.8  melres). 
The  rapidity  of  outflow  increases  with  increase  in  the  height  of  the  propelling  force,  A.  The 
former  occurs  in  the  ratio  i,  2,  3,  when  A  increases  in  the  ratio  i,  4,  9,  »>.,  the  velocity  of  efllus 
is  as  the  sfjuare  root  of  the  height  of  the  propelling  force.  Hence,  ii  follows  llint  the  velocity  of 
efllux  depends  upon  the  height  of  the  liquid  above  the  orifice  of  outflow,  and  not  upon  the  nature  uf 
the  Huid. 

Resistance. — Toricelli's  theorem,  however,  t&  only  valid  when  all  resistance  to  the  outflow  is 
absent ;  hut  in  every  phj-sical  cxpcrimenl  such  resistance  exists.  Hence,  the  [iropelling  force,  <(,bas 
not  only  to  cause  the  f^iix  of  the  Ihiiij,  but  h.is  also  to  oz'ercome  reiistonce.  These  two  forces  may 
be  expressed  by  the  heights  of  tu'o  columns  of  water  placed  over  each  other,  viz.,  by  the  height  of 
the  column  of  Mater  causing  the  outflow,  K,  and  the  height  of  the  column,  D,  which  overcomes  the 
resiijance  opposed  to  the  uutfluw  of  the  fluid.     So  Ihat 

h^-Y   \r  L). 

62.  VELOCITY  OF  THE  CURRENT.  RESISTANCE.— In  the  ctt-<c  of  a  fluid  flow- 
ing through  n  tube,  which  it  tills  completely,  wc  have  to  consider  the  pnipcUiag  force.  K,  cauHng 
the  fluid  to  flow  through  the  various  sections  of  the  tube.  The  amount  of  the  propelling  force 
depends  upon  two  factors : — 

(i)  On  the  velofity  of  the  eurrtnt,  v  ;  (a)  on  the  pressure  (amoant  of  reiistante)  to  which  the 
fluid  is  subjected  at  the  various  pans  of  the  tube,  D. 

(1)  The  velocity  of  the  current,  i',  is  estimated — (a)  from  the  lumen, /,  of  the  tube ;  and  (b) 
from  the  quantity  of  Hui>:l,  y,  which  flows  through  the  lube  in  the  unit  of  lime.  So  that  v  ~=  q  :  I. 
Both  values,  ^  ax  well  as  /,  can  be  accurately  measured.     (The  circumference  of  a  circular  tube, 

whose  diameter  =:</!»  ^.i^.d.     The  sectional  area  (lumen  of  the  tube)  is  /=?•''   -.1/").     Having  in 

4 
ibis   way  determined  ;/,  from  it  we  may  calculate  Ihe  height  nf  the  column  of   fluid,  F,  which  will 
give  this  velocity,  i.^,,  the  height  from  which  a  body  mutil  fail  in  vacuo,  in  order  to  attain  the 

velocityr'.  Inthiscase  F=-'  -  (where  ^' =  the  distance  traversed  by  a  falling  body  in  1  see. ^4.1^ 
metre).  'Mr 

(2)  Tlie  pressure,  D  (amount  of  resistance),  is  measured  directly  by  placing  manometera  at 
different  parts  of  the  tiifw  (Fig.  67).  j 

'Ihe  propelling  force  at  any  part  of  the  tube  is  A  =  F  -j-  D ;  or,  4  ^  —  +  D  (DfiMderj).  Tht» 

is  proved  ex |ien menially  by  taking  a  tall  cylindrical  vessel,  A,  of  sufliclcot  size,  which  it  kept 
lilted  with  water  at  a  constant  level,  h.  The  rigid  outfluw  tutie,  at,  has  in  connection  with  it  a 
number  of  tubes  placed  verticaUy,  1.  2,  3,  constituting  a  piezometer.  At  the  end  of  the  tube,  b, 
there  is  an  opening  with  a  i^hoit  tube  fixed  in  it,  from  which  the  water  issues  lo  a  constant  height. 
provided  the  level  of  h  is  kept  constant.  The  height  to  which  it  rises  depends  on  the  heichi  of 
the  column  of  fluid  causing  the  velocity,  F.  As  the  pressure  in  the  manumetric  tubes,  U',  D*.  V*. 
can  be  read  off  directly,  the  propelling  force  of  the  water  at  the  sections  of  the  tubes,  1,  II,  III,  is— 

A^F  +  D';  F+D";  K  f  1». 
At  the  end  of  the  tube,  f<,  where  I>*  =rO,  A=  F-r  (>,  i.e.,  ^  =  F.  In  the  cylinder  itself  it  is  the 
constant  pressure,  h,  which  causes  the  movement  of  the  fluid.  It  is  clear  that  the  propelling  force 
of  ihc  water  gradually  diminishes  as  wc  puss  from  the  inflow  toward  the  uutflou  of  the  tube,  <^.  The 
water  in  the  pressure  cylinder,  falling  from  the  height.  A,  only  nses  as  high  u  F  at  ^-  This 
diminution  of  the  propelling  jiower  is  due  to  the  presence  of  resistances,  which  oppose  the  current 
in  the  lube,  i.e.,  part  of  the  energy  is  transformed  into  heat.  As  the  propelling  force  at  f>  ts  repre- 
Ecnlnl  only  by  K,  while  in  ibe  vessel  it  is  h,  the  difference  must  be  due  to  the  sum  of  the  resistances, 
B  =  A—  F;  hence  it  follows  that  A  =  F  -f-  D. 
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EsUnifttion  of  the  Resistance. — When  a.  Huid  flows  through  a  lube  of  unifonn  calibre,  the 
propelliog  Torce,  A,  diminishes  from  point  to  point  on  account  of  the  uniformly  acting  resistance, 
nence  the  sum  of  the  rcnstance  in  the  whole  tube  t!i  directly  proportional  to  its  length.  In  a  uni- 
formly wide  tahc.  fluid  Hows  through  ench  sectional  area  with  equal  velocity,  hence  rand  oImi  P 
ftre  eijual  in  all  part«  of  the  tul>c.  The  diminution  which  h  (propelling  force)  undergoes  can  only 
occur  from  a  diminution  of  pressure  D,  as  F  remains  (he  same  throughout  (and  4  =:  F  4-  I>) 
Kxperimem  with  the  pressure  cylinder  shows  that  the  pressure  toward  the  out^ow  end  ol  the  tube 
gradually  diminishes.  In  a  uniformly  wide  tube,  the  A/t^'At  of  the  pressuTt  in  tfu  manometers 
€Jtpresxei  tht  reiittaneet  epp&ied  to  the  current  ef fluid  it/AicA  it  kas  to  fVfrtom*  in  its  <9urst/rvm  tkt 
point  investigated  A»  ike  fret  orifiee  a f  efflux. 

Nature  of  the  Resistance. — 'I  he  resistance  opposed  to  the  flow  of  a  fluid  depends  upon  the 
tmkesicn  cf  the purti./ex  of  the  fluid  among  themselves.  Ouring  the  current, the  outer  layer  of  fluid 
which  is  next  the  wall  of  the  tube,  and  which  moistens  it,  is  ai  rest.  All  the  other  Uyen  of  fluid, 
which  may  be  represented  as  so  many  cylindrical  layers,  one  inside  the  other,  move  more  rapidly  as 
we  proceed  toward  the  axis  of  the  tube,  the  axial  thread  or  stream  being  the  most  rapidly  moving 
put  of  the  liquid.  On  account  of  the  movement  of  the  cylindrical  layers,  one  within  the  other,  a 
part  of  the  propelling  energy  must  be  used  up.  The  amount  of  the  resistance  greatly  depends  u|ion 
the  amvumt  of  (he  <-(i4t»/W/(trrr  which  the  particles  of  the  fluid  have  for  each  other;  the  more  firmly 
llic  panicles  cohere  the  greater  will  be  the  resistance,  and  viie  vend.  Hence,  the  sticky  blood  cur- 
rent experiences  greater  resistance  than  water  or  ether. 

Heat  diminishes  the  cohesion  of  the  particles,  hence  it  also  diminishes  the  resistance  to  the 
onflow.     These  reststances  are  flrst  dcvetopetl  by,  and  result  from,  the  movement  of  the  particles 
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A,  cyliodncsl  v«ft»el  fitted  vith  water,  mt,  riutflow 
lube,  along  which  are  placed  at  iiiterv;ab  vcrliml 
tul>ck,  t,  s,  3,10  e*tlmatc  the  preuui«. 


of  the  fluid,  they  being,  as  it  were,  lorn  from  each  other  The  tnore  rapid  the  ntrrenf,  there- 
fore, f.  e.,  the  larger  the  number  of  particles  of  fluid  which  are  pulled  asunder  in  the  unil  of 
time,  the  j^e'itrr  will  be  the  sum  of  the  reiistanee.  As  the  layer  of  fluid  lying  next  the  tube, 
and  moistening  it,  is  at  rest,  the  material  which  composes  the  tube  exerts  no  influence  on  the 
rc»Utance. 

Tabes  of  Unequal  Diameter.— When  the  velocity  of  the  current  is  uniform,  the  resistance 
depeiKls  upon  the  diameter  of  the  tube — the  smaller  the  diameter  the  greater  the  resistance ;  the 
greater  the  diameter  the  less  the  resistance.  The  resistance  in  narrow  tubes,  however,  increases  more 
rspidly  than  the  diameter  of  the  tube  decreases,  as  has  been  proved  experimentally.  In  tubes  of 
Onet^ual  calilwe,  at  ditTcrcoi  i>artsof  llieir  course,  the  velocity  of  ine  current  varies — it  is  slower  in  the 
wide  part  of  the  tube,  and  more  rapid  in  the  narrow  parts.  As  a  general  rule,  in  tubes  of  unequal 
diameter  the  velocity  of  the  current  is  inversely  proportional  to  the  diameter  of  the  corresponding 
section  of  the  tul>c;  r /.,  if  the  tul)c  lie  cylindrical,  it  is  inversely  pro)^)urtional  to  the  Kjuare  of  the 
diaaacter  of  the  circular  transverse  section.  In  tubes  uf  uniform  diameter,  the  profKlling  force  of  the 
moving  fluid  diminishes  uniformly  from  point  to  point,  but  in  tubes  of  unequal  calibre  it  does  not 
diminish  unifermly.  As  the  resistance  is  greater  in  narrow  tubes,  of  course  the  propelling  force 
cnuti  dimini^ih  more  rapidly  in  them  than  in  wide  tubes,  flence,  within  the  wide  parts  of  the  tube 
the  pressure  is  greater  than  the  sum  of  the  resistances  still  to  be  overcome,  while  in  the  narrow  por- 
lion*  it  \*  less  than  thc^. 

Toitmoiities  and  bending  of  the  vessels  add  new  resistance,  and  the  fluid  presses  more 
M|«nci  the  convex  side  than  on  the  concave  side  c^the  bend, and  there  the  resistance  to  the  flow 
Uwa  on  the  convex  side. 
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Division  of  a  tube  into  two  or  more  brnncfaes  is  a  source  of  resistance,  and  dinitni£hes  the  jwo. 
pelling  power.  When  a  lube  divider  inio  two  smaller  tubes,  of  course  some  of  the  lurticles  nf  the 
fluid  are  retarded,  while  others  are  accelerated  on  account  of  the  unequal  velocities  of  the  ditTercnt 
layers  nf  the  fluid.  Many  [larticles  which  had  the  i^reate^t  velocity  in  the  axial  layer  cnme  to  lie 
more  toward  the  side  of  the  tul>e,  where  they  move  more  slowly;  and  conversely  many  of  those 
lying  in  the  outer  Inyers  reach  the  centre,  where  they  move  more  rapidly.  Hence,  some  of  the 
propelling  force  is  used  up  in  this  process,  and  the  pulling  asunder  of  the  particles  where  the  tube 
divides  ads  in  a  similar  manner.  If  two  tubes  ^cm  to  form  fff<r  tul>e,  new  resistance  Li  thereby 
caused,  which  must  diminish  the  propelling  force.  The  sum  of  the  mean  velocities  in  both  branches 
is  independent  of  the  anglr  at  which  the  tlivision  takes  place  [yacohson).  If  a  Inaiich  be  o|«i)ed 
from  a  tube,  (he  principal  current  is  accelerated  to  a  considerable  extent,  no  matter  at  what  angle  the 
branch  may  be  given  off. 

63.  FLOW  IN  CAPILLARY  TUBES.— Poiseuille  proved  experimentally  lliat  the  flow  i 
the  capillaries  is  siihJL'Ct  10  special  conditions :  — 

( 1 )  The  quantity  of  Ituid  which  llowa  out  of  the  iamr  capillary  tube  is  proportional  to  the  presmrr. 

(2)  '1  he  time  ncccuary  for  a  given  quantity  of  Htnd  to  flow  out  (with  the  like  pressure,  dlametef 
of  lube  and  temperalure),  is  proportional  to  ibc  length  of  the  lulies. 

(3j  The  product  of  the  outflow  (other  things  being  equal)  ii;  as  the  fourth  power  of  the  diameter. 

(4)  The  velocity  of  the  current  is  proportional  to  the  pressure  and  to  the  square  of  the  diamclcf| 
and  inverwly  projxirtional  to  the  1en[;th  of  the  tube.  J 

(5)  The  resistance  in  the  capillaries  is  proportional  to  the  velocity  of  the  current.  V 

64.  FLOW  IN  ELASTIC  TUBES.— (i)  When  an  uninleirapted  Hftijorm  current  flows 
through  an  elastic  tube,  it  follows  exactly  iJie  same  lawi  as  if  the  lube  had  ri^U  vsiih.  If  the  pro- 
pelling power  increases  or  diminishes,  the  elastic  lubes  become  wider  or  narrower,  and  they  behave, 
as  far  as  the  movement  of  the  Huid  is  concerned,  as  wider  or  narrower  rigid  tubes. 

{2)  Wave  Motion. — If,  however,  more  fluid  be  forced  in  JfrJts  into  an  elastic  lube,  t.  e.,  inl*r- 
ruptfiHy,  the  firM.  part  of  the  lulw  dilates  suddenly,  corres|X>nding  to  the  quantity  of  iluld  propelled 
into  it.  The  jerk  communicates  an  acHltUory  movement  to  the  panicles  of  the  fluid,  which  is  com- 
municated 10  all  the  Huid  particles  from  the  1>eginning  to  the  end  of  the  lube ;  a  f'ostthv  tiHtvt  is  thus 
rapidly  propagaltii ikrougkoui  the -whoU  length  of  tkt  (ub^.  If  we  imagine  the  elastic  lube  lo  be 
closed  at  its  peripheral  end,  the  positive  wave  wi!l  l>c  reflected  from  the  point  of  occtusian,  and  it 
may  be  propagated  to  and  fro  through  the  lube  until  it  finally  disappears.  In  such  a  closed 
lube  B  sudden  jet  of  fluid  produces  only  a  wave  movement,  i.  e.,  only  a  vibratory  movement,  or  an 
aheration  in  the  shape  of  the  liquid,  there  being  no  actual  translation  of  the  particles  along  the  tube. 

(3)  If,  however,  fluid  tie  pum|icd  interru{>lcdly  or  by  jerks  into  an  elastic  tube  filled  with  fluid, 
in  which  there  1.1  already  a  continuous  current,  the  movemem  of  the  current  is  combined  with  the 
wave  movemcul.  We  must  carefully  distinguish  the  movement  of  the  current  of  thejiuii/,  i.  e.,  the 
translation  of  a  mass  of  fluid  through  the  lul>e,  from  the  toave  moijemeui,  the  oscillatory  movement, 
or  movement  of  change  of  form  in  the  column  of  fluid.  In  the  former,  the  particles  are  actually 
tranklnted,  while  in  the  latter  they  merely  vibrate.  The  current  in  elastic  tubes  is  slower  than  the 
wave  movement,  which  is  propagated  with  great  rapidity.  This  last  case  obtains  in  the  arterial  sys 
tcm.  The  Mood  in  the  arteries  is  already  in  a  slate  of  continual  movement,  directed  from  the  aorta  to 
the  capillarieji ;  by  means  of  the  systole  o^  the  left  ventricle  n  quantity  of  fluid  is  suddenly  pumiced 
into  the  aortn,  and  cau$«s  a,  pt'xi/ive  7if,i7'e,  the  pulse  wave,  which  is  propagated  with  great  rapidity 
to  the  icrminations  of  the  arteries,  while  ihe  current  of  the  blood  itself  moves  much  more  slowly. 

Rigid  and  Elastic  Tubes. — If  a  quantity  of  fluid  be  forced  into  a  rigid  fuf>t  under  a  cenain 

Kressure,  the  same  quantity  of  fluid  will  flow  out  at  once  al  the  other  end  of  the  tube,  provided  there 
e  no  special  resistance,  [n  an  elastic  tube,  immediately  after  the  forcing  in  of  a  quantity  of  Huid.  at 
first  only  a  small  quantity  flows  out,  and  the  remainder  flows  out  only  after  the  projiclling  force  has 
ceased  10  act.  If  an  equal  quantity  of  fluid  l>e  periodically  injeaed  into  a  rigid  tube,  with  each 
jerk  an  equal  quantity  is  forced  out  at  the  ulhcr  end  of  the  tube,  and  the  outflow  lasis  exactly  as 
long  aalbe  jerk  or  the  contraction,  and  the  pau^c  bctwcrn  two  periods  nf  outflow  is  exactly  the  same 
as  between  the  two  jerks  or  contractions.  In  an  elastic  tube  it  is  ditfcrcnt,  as  the  outflow  coniinncs 
for  a  ttme  after  the  jerk  ;  hence,  it  follows  that  a  continuous  outflow  current  will  be  produced  in 
elastic  tubes,  when  the  time  between  two  jerks  is  made  shorter  than  the  duration  of  the  outflow  after 
the  jerk  has  been  completed.  When  fluid  is  pum]>ed  periodically  into  rigid  tubes,  it  causes  a  sharp 
abrupt  outflow  synchronous  with  the  inflow,  and  the  outflow  becomes  continuous  only  when  the 
inflow  is  continuous  and  uninterrupted.  In  elastic  tubes,  an  tnlermiltent  current  under  the  above 
conditions  causes  a  continuous  outflow,  which  is  increased  with  the  systole  or  contraction. 

65.  STRUCTURE  AND  PROPERTIES  OF  THE  BLOOD  VES- 
SELS.— In  thf  body  the  large  vessels  carry  the  blood  to  and  from  the  various 
tissues  and  orgaos,  while  the  thin-walled  capillaries  bring  the  blood  into  intimate 
relation  with  the  tissues.  Through  the  excessively  thin  walls  of  the  capillaries  the 
fluid  part  of  the  blood  transudes,  to  nourish  the  tissues  outside  the  capillaries. 
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[At  the  same  time  fluids  pass  from  the  tissues  into  the  blood.     Thus  there  is  an 
[exchange  between   the  blood  and   the   fluids  of  the  tissues.     The  fluid  after  it 
passes  into  the  (issues  constitutes  the  fymph,  and  acts  like  a  stream  irrigating  the 
lissue  elements.] 

I.  The  arteries  are  distinguished  from  veins  by  their  thicker  waih^  due  to  the 
greater  development  of  smooth  muscular  and  elastic  tissues — the  middle  coat 
( tunica  media)  of  the  arteries  is  specially  thick,  while  the  outer  coal  (t.  adventitial 
i»  relatively  thin.  [The  absence  of  valves  is  by  no  means  a  characteristic  feature.] 
A  typical  artery  conu.4ft  nf  tkrfe  coals  (Kig-  (>S}.  (i)  The  tunica  intima,  or  inner  coat, 
f  coosisii  or  a  layer  of  {a)  iiregutar.  long,  fusiform,  nucleated. »quamou!i  ccll»  forming  ihc  exccsbivcly 
ihio,  tnin&pareiil  cnJoiheliuui,  immediately  in  contact  wiilt  the  bloodstream.  [Like  other  cndo- 
tbelial  cells,  these  cclU  atc  held  t<j|;«rtlier  by  a  cement  substance,  which  is  blackened  ty  the  action 
of  silver  nilrale.]  Outside  this  lies  a  very  thin,  more  or  less  fibrous,  layer — mi  f/'ttheliai  liiyer — iti 
which  numerous  fpindle  or  branched  protoplasmic  cells  lie  embedded  within  a  corresponding s]  stem 
ol  plasma  canals.  Outside  this  is  an  elastic  famina  i^h),  which  in  iixe  srna//ejt  ar/^ries  is  a  structure- 
Fir..  68. 
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Captllariet.  The  outlines  of  ilie  nuclaiietj  endmhdtal  cdii 
wilh  Ihc  ctfineni  bUckeuol  by  ihc  jvitun  of  lilver 
Biirate. 


t«l«  nf  a  *niii]t  'rierv.  •*,  ciidnlliclliira  ; 
t,  kilrmal  cIhaiIi:  ^uiitiA  :  c,  circulNf 
niucul«r  fibroKif  lh«  middle  cent:  *t. 
Ike  outer  cMil. 

W  or  fibrous  elastic  membrane — in  arteries  of  mfJ/iim  sizf  it  is  a  fenestrated  membrane  {//e»/e), 
■We  In  the  iar^fst  arleritrs  thetc  may  l»c  several  layers  of  elastic  lamina:  or  fenestrated  elastic  mem- 
"w  mned  wilh  connective  tissue.  [In  some  nrxeries  the  elaslric  mcmbr.-inc  is  distinctly 
' ''"is  the  fibres  being  chiefly  arranged  longitudinally.  It  can  be  Mripped  off,  vrhcn  it  forms  a 
^itleelMic  memViraiie,  which  has  a  great  tendency  to  curl  up  nt  it*  mirgins.  lii  a  transverse 
■Wfinn  of  a  niiddle-sized  artery  it  appears  as  a  bri(;lit  wavy  line,  but  the  curves  are  probably 
(■o^«e<I  by  the  p.irtial  coHapic  of  the  vessel,  Ii  forms  an  imponant  guide  to  the  poihDlogiK, 
■"(MUitifi  him  to  dctcnniiic  which  coal  of  Ihc  artery  is  diseased.]  In  middlc-si/cd  and  large 
"ttoesafcw  nou  slri])cd  muscular  fibres  are  diapo:sed  tonpfuMtuiUy  between  the  clastic  plates  or 
l'*'ttt.  Along  with  the  circular  muscular  fibres  of  the  middle  coat,  they  may  act  so  as  to  narrow 
**  Wery,  and  they  may  also  aid  in  keeping  the  lumen  of  the  vessel  open  and  of  uniform  calibre. 

<,2)  The  tunica  media,  or  middle  coat,  contains  much  non-striped  muscle  {<■),  which  in  ihe 
'"uffat  arteries  coiisiMs  of  tran^venctv  flisposcd  non-slriped  muscular  fibres  lying  between  the 
••"Jothelium  and  the  T.  adveniitia,  while  a  finely  granular  ti.wuc  with  few  clastic  fibres  forms  the 
^*»dofoniou  between  them.     As  we  proceed  from  the  very  smallest  to  the  small  arteries,  the 
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number  of  muscular  fibres  becomes  so  great  as  to  form  a  well-marked  fibrotts  ringnf  non-atrif-ett 
muulf^  in  which  there  is  com;)araiively  little  connective  tissue.  In  the  /d/j^^  arteries  the  amount  of 
connective  tissue  is  considerably  increased,  and  between  the  layers  of  fine  connective  tissue  numer- 
ous (as  many  as  tUty)  thick,  elastic,  fibrous  or  fenestrated  lamin.v  are  concetuKcally  arranged.  A  few 
non-striped  fibres  lie  scaiieied  among  these,  and  some  of  them  are  arranged  transversely,  while  a 
few  have  an  oblique  or  longitudinal  direction. 

The  tirst  part  of  the  aona  and  pulmonary  artery,  and  the  retinal  arteries,  are  devoid  of  muscle.  Tlie 
descending  aorta,  common  iliac,  and  popliteal  have  longitudinal  fibres  between  tbe  transverse  ones. 
Longitudinal  bundles  lying  inside  tnt-  media  occur  in  the  renal,  splenic,  and  internal  spermatic 
arteries.  Longitudinal  bundles  occur  both  on  the  outer  and  inner  surfaces  of  the  umbilical  arteries, 
which  are  very  muscular. 

(3)  The  tunica  adventitia,  or  outer  coat,  in  the  smaiUst  arteries  coniisU  of  a  slructurclcu 
membrane  with  a  few  connective-tissue  corpuscles  attached  to  it;  in  tomrvkat larger  ^tXct'xzs  there 
is  a  layer  of  Hnc  tihrous  clastic  tissue  mixed  with  bundles  of  fibrillar  connective  tissue  (tf).  In 
arteries  of  muUUe  lizt,  and  in  the  largest  arteries,  the  chief  mass  consists  of  buiidlcii  of  Abriliar 
connective  tissue  containing  connective- tissue  corpuscles.  The  bundles  crofs  each  other  io  a  variety 
of  directions,  and  fat  cells  often  lie  between  them.  Next  the  media  there  are  tmmerous  (tbruus  or 
fenestrated  elastic  lamcllx.  In  medium-sized  and  small  arteries  the  elastic  tissue  next  the  media 
takes  the  form  of  an  independent  elastic  membrane  (Menle's  external  elastic  membrane).  Bundles 
of  non. striped  muscle,  arranged  longitudinally,  occur  in  iKc  adventitia  of  the  arteries  of  the  penis, 
and  io  the  renal,  splenic,  spermatic,  iliac,  hypogastric,  and  su|>erior  mesenteric  arteries. 

II.  The  capillaries,  while  retaining  their  diameter,  divide  ami  reunite  so  as  to  form  networks, 
whose  shaj^ie  and  arraogeinent  differ  considerably  in  different  tissue^.  The  riiameter  of  the  capil- 
laries varies  considerably,  but  as  a  general  rule  it  Is  sucb  as  to  admit  freely  a  single  row  of  blood 
Corpuscles.  In  the  retina  and  the  muscles  the  diameter  is  5-<3  u,  and  in  bone  marrow,  liver,  and 
choroid  10-20  ft.     The  tubes  coruist  of  a  single  layer  of  transparent,  excessively   thin,  nucleated, 

endothelial  cells  joined  to  each  other  by  their  margins.   [The 
FlO.  70.  nuclei  contain  a  well  marked  inira-nuclear  plexus  of  librils, 

Uke  other  nuclei.]  The  cells  arc  more  fusifurin  in  the  smaller 
capillaries  and  more  ]X)lygonal  in  the  larger.  The  body 
of  the  cells  presents  the  characters  of  very  ftuntly  refractive 
protoplasm,  but  it  is  doubtful  whether  the  body  of  the  cell 
is  endowed  with  Ihc  property  of  contractdity  (p.  13S). 

If  a  dilute   solution  (>^   per  cent  )  of  silver  nitrate  he 

injected  into  the  blood  vessels,  the  cement  sulutance  of  the 

endothelium  [and   of  the  muscular  fibres  as  well}   is  re- 

vcaled  by  the  presence  of  the  black  "silver  lines.       The 

_,^l         blackened  cement  liubstancc  shows  little  specks  and  large 

\  l/J        Idack  slits  at  different   points.      It    is  not  certain  whether 

^Y^      (1    \'iHfll    \  \m         these  arc  actual  holes  through  which  colorless  corpuscle* 

\  • /:^  1       T    \\\    Mil    1    |#  '        may  pass  out  of  the  vessels,  or  are  merely  larger  accumiila- 

[1 Y  '?^  f  VKJOiJI  /  If  I       ''""'  °^  ^^  cement  substance.     [If  a  capillary  is  evaminrd 

I  .     V'l  V  \.\'Hi/lkt\  Mil   {       jjj  i  perfectly  fresh  condition  (while  living)  and  without  the 

addition  of  any  reagent,  it   is   impossible  to   make   out  any 

line  of  demarcation  between  adjacent  cells,  owing  to  the 

uniform  refractive  index  of  the  entire  wall  of  the  tul>e.] 

[Arnold  called  these  small  areas  in  the  black  silver  tines, 
when  they  are  large,  stomatm,  and  when  small,  stigmata. 
They  are  most  numerous  after  venous  congeition,  and  alter 
the  disturbances  which  follow  inflammation  of  a  part.  They 
are  not  always  present.  Tlie  existence  of  cement  substance 
between  the  cells  may  also  be  inferred  from  the  £ia  thai 
indigo-sulphate  of  soda  is  deposited  in  it  {77icma),  and 
]karticles  of  cinnabar  and  China  ink  ore  fixed  in  it,  when 
these  substances  are  injected  into  the  blood  (A<m).J 

Kine  anastomosing  fibrils  derived  from  non-medullaied 
nerves  tcrmtnaic  in  small  end-buds  in  relation  with  the 
capillary  viall;  ganglia  in  connection  with  the  nerves  of 
capillaries  occur  only  in  the  region  uf  the  sym[>aihetic. 

The  small  vessels  next  in  size  to  the  capillaries,  and  coo- 
tinuous  with  them,  have  a  completely  structureless  coti 
in  ad<lition  to  the  endothelium. 


\i> .  V 
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III.  The  veins  are  generally  tiistinguished 
f.'Kn.uiisof.m<>oiii  mii«-  froiii  ihe  ortcrics  by  their  iumfn  bcine  vndtr  than 
fibrannihcdvenihii;    thc  lumen  of  the  corresponding  arteries;  iheir 
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i!ff«//f  are  thinner  on  account  of  the  smaller  amount  of  non-striped  muscle  and 
elastic  tissue  (the  non-striped  muscle  is  not  unfrequently  arranged  longitudinally 
in  veins).  They  arc  also  more  exUnsUe  (with  the  same  strain).  The  adventitia  is 
usually  the  thickest  coat.  The  occurrence  of  valves  is  limited  to  the  veins  of 
certain  areas. 

Structure. — (i)  The  tunica  intJma  consists  of  a  layer  q^ shorter  waA  broader  rndolhcltiU  cells, 
under  which  in  the  smalle&i  veins  there  is  a  strQctureless  elastic  memhrrtwc,  su/'-<rj*i(htiiaI  layer, 
which  is  6brDus  in  vdns  somewhat  larger  in  size,  but  in  all  cases  is  fbiiiner  tliaii  in  tlie  srlertes.  In 
Urge  veins  it  may  OKume  the  characters  of  a  fenestrated  membrane,  which  is  double  in  some  parts 
of  the  cniral  and  iliac  veins.  Isolated  muscular  fibres  exiu  in  the  intima  of  the  femoral  and 
popliteal  veins. 

(2)  The  t.  media  of  the  larger  veins  consists  of  alternate  layers  of  elastic  «ttd  muscular  tissue 
united  to  each  other  by  a  considerable  amount  of  connective  liuuc,  but  this  coat  is  always  thinner 
than  in  the  corresponding  arteries.  This  coat  diminishes  in  the  following  order  in  the  following 
vessels:  popliteal,  veins  of  the  lower  extremity,  veins  of  the  upper  extremity,  superior  mesenteric, 
other  abdominal  veins,  hep«tic,  pulmonary,  and  coronary  veins.  The  following  veins  contain  no 
muscle:  veins  of  bone,  central  nervous  ^siem  and  its  membranes, reilna,  the  superior  cava,  with 
the  large  trunks  that  open  into  it.  the  upper  part  of  the  inferior  cava.  Of  coarse,  in  these  cases  the 
media  is  ver)-  thin.  In  the  smallest  veins  the  media  is  formed  of  fine  connective  tissue,  with  very 
few  mu<K:ulBr  fibres  scattered  in  ihc  inner  pari. 

Ij)  The  t.  adventitia  is  thicker  than  that  of  the  correipondtng  arteries;  it  contains  muiM  ifin- 
mfifitv  tiisue,  usually  arrangeu  longitudinally,  and  not  much  elastic  tissue.  Ixingiiudinally  arranged 
mtMscutar  Ahrrs  occur  in  some  veins  (renal,  portal,  inferior  cava  near  the  liver,  veins  of  the  lower 
ettremities).  The  valves  consist  of  line  fibrillar  connective  tissue  with  branched  cells.  An  elastic 
network  eilst«  on  their  oitvex  surface,  and  both  surfaces  are  covered  by  endothelium.  The  valves 
contain  many  muscular  fibres  (Fig.  70).  [Ranvier  has  shown  ihnt  the  $hape  of  the  epithelial  cells 
on  ilic  tide  over  which  the  blood  passes  is  more  elongated  than  on  the  cardiac  side  of  the  valve, 
where  the  long  axes  of  the  cells  are  placed  transvcRcly.] 

The  sinuses  of  the  dura  mater  are  spaces  coverccl  with  endothelium.  The  spaces  are  either 
daplicaiDres  n^  the  membrane,  or  channels  in  the  sulwtancc  of  the  tissue  itself. 

Cavernous  spaces  we  may  imagine  to  anse  by  numerous  divisions  and  anastomoses  of  tolerably 
Urge  veins  of  unequal  calibre.  The  vn.'icular  wall  appears  to  be  much  |>crforalcd  and  like  a  sponge, 
tHe  iDtemaJ  space  being  traversed  by  threads  and  strands  of  tissue,  which  arc  covered  with  eodo- 
tbcliam  on  their  surfaces,  that  arc  in  contact  with  the  blood.  The  surrounding  wall  cgnsbts  of  con- 
waive  tissue,  which  is  often  very  tough,  as  in  the  corpus  cavemosum,  ana  it  not  nnfirequently 
contains  nou.stripcd  muscle. 

Cavcrtious  formations  of  an  analogous  nature  on  arterin  are  the  caroliJ  _^land  of  the  frog, 
lad  a  simibr  Mructure  on  the  pulmonary  arteries  and  aorta  of  the  lurxlc,  and  the  iOfcygeal  gfand 
tf  nan.     The  lau  iitructure  is  richly  su{>plicd  with  Kymjxilhelic   nerve  fibres,  and  is  a  convoluted 

ouaiof  ampullated  or  fusiform  dilatations  of  the  middle  sacral  artery,  surrounded  and  permeated 

tijr  i>oa.stripcd  muscle. 
Visa  Vasonim. — [These  are  small  vessels  which  nourish  the  coats  of  the  arteries  and  veins. 

Thn  an«e  from  oite  part  of  a  vessel   and  enter  the  walls  of  the  same,  or  another  vessel  at  a  lower 

W*el.    They  break  up  chiefiy  in  the  outer  coat,  and  none  enter  the  inner  coal.']     In  sirnciure  they 

focnble  other  ^rnall  blood  vessels.    The  blood  circulating  in  the  arterial  or  venous  wall  is  relurned 

^  snail  veins. 
[Lymphatics. — There  arc  no  lymphatics  on  the  inner  surface  of  the  muscular  cont,  or  under 

llw  mtiuta  ill   large  arteries.     They  arc  numerous   in   a  gelatinous   layer  immediately  outside  the 

■>vnlar  coai,  and  the  same  relation  otnains  in  large  muscular  veins  and    lymphatic  iruoks 

iBlercellular  Blood  Channels. — Intercellular  blood  channels  of  narrow  calibre,  and  without 
wDi,  occur  in  the  granulation  tissue  of  healing  wounds.  At  first  blood  plasma  alone  is  found 
■Iweeii  the  formative  cells,  but  aflcrwnrds  the  blood  current  forces  bluod  corpuscles  through  the 
^MeU.  The  first  blood  vessels  in  the  devetopiog  chick  ore  formed  iu  a  similar  way,  from  the 
'jOMiite  cells  of  the  mesoblast. 

Propertics  of  the  Blood  Vessels. — The  larger  blood  vessels  are  cylin- 
diicil  lubes  composed  of  several  layers  of  various  tissues,  more  espcrtally  eiastic 
'"flv  and  smooth  muscuiar  Jidres,  aw^  the  whole  is  lined  by  a  smooth  polished 
'■ytr  of  endothelium.  One  of  the  most  important  proi)erties  is  the  contractility 
of  the  vascular  wall,  in  virtue  of  which  the  calibre  of  the  vessel  can  be  varied, 
Md  therefore  the  supply  of  blood  to  a  part  is  altered.  The  contractility  is  due  to 
tlw  plain  muscular  fibres,  which  are,  for  the  most  part,  arranged  circularly.  It  is 
^'^  nuirked  in   the  small  arteries,  and  of  course  is  absent  where  no  muscular 
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tissue  occurs.  The  amount  and  intensity  of  the  contraction  depend  upon  the  de- 
velopment of  the  muscular  tissue  ;  in  fact,  the  two  go  hand  in  hand.  [Jf  an  artery 
be  exposed  in  the  living  body  it  soon  contracts  under  the  stimulus  of  the  atmos- 
phere acting  upon  the  muscular  fibres.] 

[Action  of  Drugs  on  the  Vascular  System. — rraskcll  finals  that  a  very  dilute  solution 
tactic  acid  |i  :  10,000  parts  of  saline  soluiion),  passed  through  ihe  blood  vessels  of  a  frag,: 
alwa^K  enlarges  the  cilibre  of  the  blood  vessels,  while  nn  alkaline  solution  (1  part  KMlinm' 
hydrnle  to  10,000  saline  solution]  always  diminishes  their  si/e,  tisually  to  absolute  closure,  and 
indeed  the  aitificial  conMriction  of  the  btoott  vessels  may  be  almo&t  complete.  These  fluids  are 
aniogoniMic  to  each  other  as  far  as  regards  their  action  on  the  calibre  of  the  arteries.  Dilute  alka- 
line ^liilions  act  un  the  heart  in  the  same  way.  After  a  series  of  beats  the  ventricle  slops  tieatin^, 
the  stnndMill  tKing  in  a  state  of  contraction.  Very  dilute  lactic  acid  causes  the  ventricle  to  stand 
still  in  the  phase  of  complete  relaxation.  The  acid  and  alkaline  saline  solutions  are  antagonistic  in 
thrir  action  un  the  ventricle.  Cash  and  Brunton  Hnd  that  dilute  acids  hsve  a  tendency  to  increase 
the  transudation  through  the  vessels  and  produce  adtma  of  the  surrounding  tissues.  They  also 
observed  that  Ixirium,  calcium,  strontium,  copper,  iron,  and  tin  produce  contraction  of  tlie  blood 
vessels  when  soltitions  of  their  salts  are  driven  through  them,  white  the  same  effect  is  produced  by 
very  dilute  solutions  of  [x^tasaium.  Nicutin,  atrupio,  and  chloral  dilfcr  in  their  action  according  to 
the  dose.  In  these  eicpenments  the  effect  was  ascertained  by  the  amount  of  fluid  which  flowed  oot 
of  the  vMsels  in  a  given  time.]  H  blood  containing  certain  drugs  be  perfused  through  the  blood 
vessels  of  a  freshly  excised  organ,  ihe  blood  vessels  are  dilaifJ ;  f.i^-,  by  amyl  nitrite,  chlocal 
hydnte.  mnrphia,  CO,  paraldehyde,  kairin,  quinine,  atropin,  fcrricyjiTiiiie  of  potassium,  (urea  and 
oodic  chloride  in  the  renal  vessels). — they  arc  contracted  by  digitahn,  vcratria,  hclleborin  {K'obert). 
Heat  causes  contraction  of  the  blood  vessels  of  the  frog's  mesentery  (Gtirtntr).  Accordii^  to  Roy 
the  blood  vessels  shorten  when  heated. 

That  the  capillaries  undergo  dilatation  and  contraction,  owing  to  variatio 
in  the  size  of  the  ]>rotoplasmic  elements  of  their  walls,  must  be  admitted. 

Strieker  has  described  capillaries  as  "  protoplasm  in  tul>es,"  and  otserved  that  in  the  tadpole  they 
exhibited  moN-cmenls  when  stimulated.  Golul>cw  described  an  active  stale  of  contraction  r>f  the 
capillary  wall,  but  he  regarded  the  nuclei  as  the  parts  which  underwent  change.  Rouget  oliserved 
the  same  result  in  the  capillaries  of  newborn  mammals.  TarchanofT  found  that  mechanical  or 
electrical  stimulation  caused  a  change  in  the  shape  and  size  of  the  nuclei,  so  that  he  regards 
these  as  the  actively  contractile  parts.  [.Sevenui  also  attaches  great  importance  to  the  contrac- 
tility of  the  capillaries  and  especially  of  (heir  nuclei  as  influencing  the  blood  stream.  Oxygen 
acts  oD  Ihe  nuclei  of  the  capillary  wall  (membrana  nictitans  of  frog)  and  causes  them  to  swell* 
while  COj  has  an  opposite  eiTcct.  The  circulation  through  a  lung  suddenly  fdled  with  O  or  atmos- 
pheric  air  is  at  first  very  rapid,  but  scon  diminishes,  white  with  CO.  the  circulation  remains  con< 
Slant.]  As  the  capillaries  are  excessively  lliin,  soft,  and  delicate,  it  is  obvious  that  the  form  of 
Ihe  mdividual  cells  must  de|]<n<l  to  a  considerable  extent  upon  the  degree  to  which  the  vessels  are 
lilted  with  blood.  In  vessels  which  are  distended  with  blood  the  endothelial  cells  are  tlaUeited.  but 
when  the  capillaries  are  collapsed  they  project  more  or  less  into  the  lumen  of  the  ve»cl  {/ifU^itU). 

[It  is  well  km.>wn  that  the  capillaries  present  great  variations  in  their  diameter  at  difTercfit 
times.  As  these  variations  arc  usually  accompanied  by  a  corresponding  contraction  or  dilalatioa 
of  the  arterioles,  it  is  usually  assumed  that  the  variations  in  the  diameter  of  the  capillaries  are  doe 
to  dilferences  uf  the  prrs.<iurc  within  the  capillaries  themselves,  viz.,  to  Ihe  elasticity  of  their  waits. 
Every  one  is  agreed  that  the  capillaries  are  very  elastic,  but  the  experiments  of  Roy  and  Graham 
llrowu  bbow  that  they  arc  contractile  as  well  as  clastic,  and  these  observers  conclude  that,  under 
normal  conditions,  it  i»  by  the  contractility  of  the  capillary  wall  as  a  whole  that  the  diameter  of 
these  vessels  is  changed,  and  to  all  appearance  their  contractility  is  constantly  in  action.  "The 
individual  capillaries  (in  alt  probability)  contract  or  expand  in  accordance  with  the  requirements  of 
the  tissues  through  which  they  pass.  The  regulation  of  the  vascular  blood  dow  is  thus  more  com- 
plete than  is  usually  imagined."] 

Physical  Properties. — Among  the  physical  properties  of  the  blood  vessels, 
elasticity  is  the  most  important ;  their  elasticity  is  small  in  amount,  i.  r.,  they 
offer  little  resistance  to  any  force  applied  to  them  so  as  to  distend  or  elongate 
them,  but  it  is  p€rf«t  in  quaiiivy  /.<•.,  the  blood  vessels  rapidly  regain  their  original 
size  and  form  after  the  force  distending  them  is  removed. 

[Uses  of  Elasticity. — The  elasticity  of  the  arteries  is  of  the  utmost  importance  in  aiding  the 
conversion  of  Ihe  uneijual  movement  of  the  blood  in  the  large  arteries  into  a  uniform  Aow  in  the 
capillaries.  V..  II.  Weber  comparrd  the  elastic  wall  of  the  arteries  with  the  air  in  the  air  chamber 
of  a  fire  engine.  In  both  cases  an  elastic  medium  is  acted  upon — the  air  in  the  one  case  and  the 
elastic  lissoe  in  the  other — which  id  turn  presses  upon  the  fluid,  propelling  h  onward  comioually. 


i 


iny^l 


A 


THE    PULSE. 


139 


I 


Fi<;. 


vhile  the  action  iT  the  pump  or  the  heart,  as  the  case  mar  be.  is  intermiitcm.  The  ordinary  tpray 
producer  acts  on  this  principle.  A  uniform  .spray  or  jet  is  ol)tained  by  pumping  intermillently,  but 
only  when  the  resistance  is  such  as  to  bring  into  action  the  elasticity  of  the  hag  bctweeo  the  pump 
aod  the  »pny  entice.] 

According  to  E.  H.  Weber,  Volkmann,  and  Wertheim,  the  etonf^ation  of  a  blood  vessel  and  meitt 
tbsucs  f^Dcrally  is  not  proportional  to  the  weight  used  to  extend  it,  the  elongation  being  relatively 
less  with  a  large  weight  than  with  a  smalt  one,  so  that  the  cunrc  of  extension  is  nearly  [nr,  al  leatt 
bears  a  cenain  relation  to]  a  hyperMn.  According  to  Wundt,  we  have  not  only  to  coniii'ler  the 
extcnsmii  prtxluccd  ai/trjf  by  ilie  weight,  but  also  the  kubse(|uent  "elastic  after-effect,"  which 
occurs  gradually.  The  elongation  which  takes  place  during  the  last  few  moments  occurs  so  slowly 
and  so  gradually  that  ii  is  welt  to  observe  ihe  effect  by  means  of  a  magnifying  lens.  Variations 
from  the  general  law  occur  lo  this  extent,  (hat  if  a  certain  weight  is  exceeded,  less  extension,  and, 
it  may  be,  permanent  clongniion  of  the  artery  not  unfrc*^uenily  occur.  K.  Bardelcben  found,  esfw- 
cially  in  veins  elongated  lo  40  or  50  per  cent,  of  ihcir  original  length,  that  when  the  weight 
employed  increa<»ed  by  an  equal  amount  each  time,  the  elongation  was  proportional  to  the  st'juare 
mot  of  the  weight.  This  is  uporl  from  any  elastic  afler-efTccl.  Veins  may  be  extended  to  al  IcMt 
50  per  cent,  of  their  length  without  pauing  the  limit  of  their  elasticity. 

[Roy  experimented  upon  the  elastic  properties  of  the  arterial  itHtll.  A  portion  of  aa  artery,  so 
that  it  could  be  distended  by  any  desired  internal  pressure,  was  enclosed  in  a  .^mall  ressel  contain* 
ing  olive  oil  arranged  in  the  same  way  as  in  Fig.  62,  for  the  heart.  The  variations  of  the  contents 
were  recorded  by  means  of  a  lever  writing  on  a  revolving  cylinder.  The  instrument  is  termed  a 
sphy^motono meter.  The  ,iorta  and  oihfr  large  arffrifs  arc  most  elastic  and  most  distensible  at 
preuurc^correspunding  nioic  or  less  exactly  to  their  normal  blou<l  pressure,  while  in  rnnjthe  rela- 
tiuu  lieiwecn  internal  pressure  and  the  cuL>ic  capacity  is  very  dilTerent.  In  (hem  (he  maximum 
of  dittenslbility  occurs  with  pressures  immediately  above  ccro.  Speaking  generally,  the  cubic 
capacity  of  an  artery  is  greatly  increased  by  roiHing  the  intra-arterial  tension,  say  from  zero  to  about 
the  normal  internal  pressure  which  the  artery  sustains  during  life.  Thus  in  the  rabHt.  the  capacity 
of  the  aorta  was  t^uadrupUii  by  raising  the  intta-aiierial  pressure  from  zero  to  200  mm.  Hg.,  while 
that  of  the  carotid  was  more  than  lix  timfi  greater  at  that  pressure  than  it  was  in  the 
nndbtended  condition.  The  pulmonary  artery  is  distinguished  by  its  excessive  elastic 
distcnsibility.  Its  capacity  (rabbit)  was  increased  more  than  twelve  times  on  raising 
the  intemAl  preuure  from  zero  to  about  36  mm.  Ilg.  Veins,  00  the  other  hand,  are 
diatiogaished  by  the  reUtively  small  increase  in  their  cubic  capacity  producetl  by 
greatly  raising  the  internal  prcsiure,  so  that  the  enormous  changes  in  the  capacity  of 
the  veins  during  life  are  due  leu  lo  difTcrences  in  the  prcsiure  than  to  the  great  differ- 
ences in  the  ,}iuiitiity  of  blood  which  they  contain.] 

Pathological. — Interference  with  the  nutriiiun  of  an  artery  alten  its  elasticity, 
[and  tlut  in  co^ei  where  no  sinictural  changes  can  be  fujnd].  Marasmus  preceding 
aeiih  cau»es  the  arteries  tu  t)ccome  wider  than  normal.  In  some  old  people  ihcv 
become  athcrumatouii  and  even  calcilted. 

Cohesion. — The  cohesion  of  blood  vesseb  ia  very  great,  and  in 
virtue  of  this  they  are  able  to  resist  even  considerable  internal  pres- 
sure without  giving  way.  The  carotid  of  a  sheep  is  ruptured  only 
when  fourteen  times  the  u.siial  pressure  it  is  called  upon  to  bear  is  put 
upon  it  {VolkmattH),  Given  a  vein  and  an  artery  of  the  same  thick- 
ness, a  greater  pressure  is  required  to  rupture  the  former  than  the  Ut- 
ter, The  Imman  carotid  or  iliac  artery  resists  a  pressure  of  8  atmos- 
pheres, the  veins  al^out  the  half  of  this. 

66.  INVESTIGATION  OF  THE  PULSE.— [The  charac 

ter»  of  the  pulse  maybe  investigated  by — (i)  the  eye  [inspection)  ;  (sf 
the  finger  {^palpation)  ;  (3)  instruments. 

Two  or  three  fingers  arc  plated  over  the  course  of  the  radial  artery, 
and  the  various  phenomena  in  connection  with  the  pmlse  are  noted. 
It  takes  much  practice  for  the  physician  to  acquire  the  tactus  eruditus      Siihr^inutiic 
and  notwithstanding  the  value  of  instruments,  every  physician  should        jMoo'^Bd 
make  a  careful  study  of  the  pulse  beat  with  his  finger.     In  order  to        Cbdiui. 
feel  the  pulbc  beat  or  to  take  a  pulse  tracing,  there  must  be  some  resist- 
ant body,  g.g.f  a  bone  behind  the  artery,  and  a  certain  degree  of  pressure  mtist 
be  exerted  on  the  artery.] 

The  individual  pliases  of  the  movement  of  (he  pulse  can  only  be  accurately 
iovestigated  by  the  application  of  instruments  lo  the  arteries. 
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(i)  Poiseuille's  Box  Pulse  Measurer  (1829). — An  artery  U  exposed  and  placed  in  «n  oMoi^ 
box  fitled  witli  ao  indiHercnt  iliiiil,  A  vertical  lube  Mtih  a  scale  allached  coramunicUcs  wiih  the 
interior  of  the  box.     The  column  of  fluid  utnlergoe*  a  varUUon  wiih  every  pulse  beat. 

(2)  H^risson's  Tubular  Sphygmometer  consists  of  a  glass  lube  n'bose  lower  end  is  covered 
with  an  elastic  membrane  (Fig.  71).  The  lube  is  partly  filled  with  Hg.  The  membrane  is  placed 
over  the  position  of  a  pulwuiny  artery,  so  that  its  beat  causes  a  movement  in  the  Hg.  Chelius  osed 
a  similar  instrument,  and  he  succeeded  with  this  instrument  in  showing  the  existence  of  the  double 
beat  (dicrolism)  in  the  normal  pulse  (1850). 

(3)  Vierordt'a  Sphygmograph  ( 1855  j.— In  this,  one  of  the  earliest  sphygmogniplut.  Vierotdt 
departed  from  the  principle  of  a  (luctuaiinij  (luid  column,  and  adopted  the  principle  of  the  Intr, 

Fin.  73. 


•^^^      [~^ 
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Scheme  a(  MArey>  tpbyuiRujtraph-  A.  ^[irliii;  wiih  ivory  pad,  y,  which  rests  dn  the  nrKry  ;  t,  weak  sprinE  presiin( 
k  iiita  /  ;  r,  wrilitig  kvet .  P.  jiiece  of  »(i)ukril  t[Uufc  or  popcr  moved  by  clock mork.  U  :  H.  ttrew  to  limit  CJiCUt- 
•ion  of  A  :  S,  arrangcmcm  Tor  fixing  the  insuuinciit  10  uic  arm  of  ihc  patient. 

Upon  the  artery  rested  a  small  pad,  which  moved  a  complicated  system  of  leven.  At  first  he  used 
a  straw  6  inches  long,  which  rested  on  the  artery.  The  point  of  one  of  the  levers  iuscribed  itt 
roovcmcnis  upon  a  revolving  cylinder.     This  luetrument  was  soon  discarded. 

(4)  Marey's  Sphygmograph  consisls  of  a  combination  of  a  lever  with  an  cla<itic  spring.  The 
elastic  sprinir  (Fig.  72,  A)  is  fixed  at  one  end,  s,  free  at  the  other  end.  and  provided  with  an  ivory 
pad,  y,  which  is  pressed  by  the  spring  upon  the  radial  artery.  On  the  upper  surface  of  the  pad 
there  is  a  vertically  placed  tine-loothcd  rod,  k,  which  is  pressed  upon  by  a  weak  spririg,  e,  so  that  ict 
teeth  dovetail  with  similar  teeth  in  the  small  wheel,  t,  from  whobe  aaii>  there  projects  a  long,  ligfa 

Fic.  73. 


Mar«y'>imtiroveiltt)h)-ainograp)i.     A,  « loci  ^Pn'og  :  B,  first  lever:  C,  writins  lever:  C,  In    free  wriiine  end: 

ftCTCw  for  hringirtg  El  in  conuct  whh  C  ;  t^,  alidc  wUb  amokcd  [Mper  :  H,  clockwork :  L.  >crew  for  increMlnfl 
the  presMirc  :  M.  iJi«l  indicming  the  preuure;  K,  K,  airapt  for  fixing  Ihc  iaslrumeDt  to  the  arm,  and   the  am 
lO  the  double  tnclincil  plane  ocftopport. 

wooden  lever,  r/,  running  nearly  parallel  with  the  elastic  spring.  This  lever  has  a  fine  style  at  its 
free  end,  s,  which  writes  upon  a  «mokcd  plate,  P,  moved  by  clockwork,  U,  in  front  of  the  style. 
Marcy'>  itnirument,  as  improved  by  Mahomed  and  others,  has  been  very  largely  used.  J 

\\\s  mnrc  complete  form,  as  in  Fig.  73,  where  it  is  shown  applied  to  the  arm, consists  of  (i)  h 
steel  spring,  A,  which  is  provided  with  a  pad  resting  on  the  artery,  and  moves  with  each  movemeoC 
of  the  artery ;  (2)  the  lever,  C,  which  reconls  the  movement  of  the  artery  and  spring  in  a  magnified 
form  on  the  smoked  paper,  G;  (3)  an  arrangement,  L,  whereby  the  esact  pressure  exerted  upon 
ilie  artery  is  indicated  on  the  dial,  M ;  (4)  the  clockwork,  H,  which  moves  the  smoked  jjapcr.  G. 
at  a  uniform  rate  ;  (5)  a  framework  to  which  the  various  parts  of  the  inslruroent  are  attached,  and  , 
by  meaus  of  which  the  instrument  is  fastened  to  the  arm  by  straps  K,  K  {^Byr«»H  BramnoeU).'\ 
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which  mu&l  be  •'  fixed  "  by  di[ipiiig  it  in  a  rapidly  drying  varnUh,  e.  gi,  pholoRraphic.     In  eve 
case  scratch  on  the  tracing,  with  n  needle,  the  name,  date,  and  amount  of  pressure  employed.] 

[(5)  Dudgeon's  Sphyginograph. —  This  is  a  convenient  form  of  sphygmograpb.  althou(<^l 
Broiclbcnl  regards  its  results  as  uniruittwonhy.  The  itutnitnent  after  being  carefully  adjusted  upon  < 
the  radial  artery  is  kept  in  position  by  an  inelastic  strap.    The  pressure  of  the  spring  is  reg;uUted, 
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SdMma  of  BrondgcMl't  «pbygiiioBrapb.    S,  S*,  receiving  mnd  recordinx  (S,  S'l  umlioun  wHth  writinc  teven,  Z  aaJ 
Z' ;   K,  K',  conducting  tubes:  /,  over  heurt,/',  over  a  dUluit  nitery. 

by  the  eccentric  wheel,  to  any  amoont  frooi  i  to  5  ounces.     As  in  other  instruments  the  tradng 
paper  is  moved  in  front  of  the  writing  needle  by  means  of  ciockworlc.     The  writing  levers  are  so 
adjusted  that  the  movements  uf  the  arteiy  arc  magnified  fifty  times  |  Fig.  75).] 
(6)  [Ludwtg'B  improved  form  is  a  very  serviceahle  instrument  (Fig.  74).] 

Fic.  77. 
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Schene  of  LaodoU'  Angiocnph. 

(7)  Mcrey's  tambours  are  also  employed  for  registering  the  movements  of  the  raise.  They 
are  used  in  the  same  way  as  the  pansphygtuograph.  Two  pairs  of  metallic  cups  (rig.  76,  S,  S, 
and  S',  S',  Upham's  capsules)  are  pierced  in  the  middle  by  thin  metal  tubes,  whose  free  ends  are 
Connected  with  caoutchouc  tubes,  K  and  K^.  All  the  four  metallic  vessels  are  oovered  with  an 
elastic  membrane.     On  S  ud  S'  are  fixed  two  knob.Hkc  pads,/  and  ^,  which  are  applied  to  tbe 
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pulsating  arteries,  and  the  metal  arcs,  B  and  If,  retain  them  in  posilion.  On  the  ullier  tambours 
afc  arranged  the  writing  levers,  Z  and  Z'.  Pressure  on  the  one  tambour  ncccsuirity  compreues  the 
air.aJKl  makes  the  other,  with  which  it  b  connected, expand. so  as  tu  luuvc  the  nriiing  lever.  This 
arranKcmeDt  does  not  give  absolutely  exact  results ;  stdt,  it  is  very  easily  used,  and  is  convenient. 
In  Vig.  76  a  double  armngement  is  shown,  whereby  one  instrument,  U,  may  be  placed  over  the 
heart  and  the  other,  B',  nn  a  distant  arter>*. 

|S)  Lr«ndois*  Angiograph. — Toal>asal  plate.  G,  G.  are  fixed  two  upright  supports,/,  which 
carry  bctwecri  them  at  their  upper  part  the  movable  lever,  </,  r,  carrying  a  rod  beoiitig  a  pad,  e, 
directed  downward,  which  rests  on  the  pulse.  The  short  arm  carries  a  caumerpoise,  */,  so  as  exactly 
to  balance  the  long  arm.  The  long  arm  has  fiiieil  to  it  at  r  a  vertical  rod  provided  with  teeth,  A, 
which  is  pressed  agamsi  a  toothed  wheel  firmly  fixed  on  the  axis  of  the  very  light  writing  lever,  f,/, 
which  IS  supported  t>etween  two  uprights. ./,  fixed  lu  the  opposite  end  of  the  basal  pJaic.G.G.  'I'he 
writing  lever  is  equilibratt:<l  by  means  of  a  light  weight.  The  writing  needle.  <^.  is  fixed  by  a  joint 
to  f,  aad  it  writes  on  the  plate.  /.     The  first  mentioned 

lever,  J,  r,  carries  a  shallow  cup,  Q,  just  above  the  pad,  Yxa,  7S. 

into  which  weights  may  be  put  to  press  on  the  pulse. 
Id  this  instrument  the  weight  can  be  measured  and 
varied  ;  the  writing  lever  moves  venicalU,  and  not  in 
a  curve  as  in  Marey 's  apparatus,  which  greatly  facili- 
tates the  measuring  of  the  curves  (Fig.  77). 

(IHher  sphygcnographs  are  used,  both  in  this  country 
and  abroad,  including  that  of  Soramcrbro<It,  which  is 
a  complicated  form  of  Marey's  sphygmograph,  and 
thote  of  Pond  and  Mach. 


In  every  pulse  curve — sphygmogram 
or  arteriogram — we  can  distinguish  the 
ascending  part  (ascent)  of  the  curve,  the 
opex,  and  the  descending  part  (descent). 
Secondary  elevations  scarcely  ever  occur  in 
the  ascent,  which  is  usually  represented  by  a 


Fig.  79. 


Normal  uuIm  curve  of  the  radLa)  artery,  oblaiticii 
by  Ine  AngioRraph  writing  upon  a  nInCeat* 
taclicd  to  *  vibrating  tuaiRc-fork.  Each  double 
vibration —  0.01613  MC. 

Fig.  8a 


Gas  Sphygsioicopt:  of  S.  Mayer. 


Hauoautograpliic  curve  of  tfae  pcMterior 
libul  xRcry  of  n  dog.  P,  primnry 
puUcwavc;  R,  dkroiic  wave:  *.  t. 
clevaUonft  due  to  ebuUcity. 

«raight  line,  while  they  are  always  present  in  the  descent.  Such  elevations 
occurring  in  the  descent  are  called  catacrotic,  and  those  in  the  ascent,  ana- 
crotic. When  tl^e  recoil  elevation  or  dicrotic  wave  occurs  in  a  well-iriarked  fortn 
«n  the  descent,  the  pulse  is  said  to  be  dicrotic,  and  when  it  occurs  twice,  tricrotic. 
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Measuring  Pulse  Curves. — If  the  amolced  surFace  on  which  the  tncing  is  inscribed  is  mored 
at  a  uniforin  rate  by  means  of  the  clockwork,  then  the  height  and  length  of  the  carve  are  roeoflired 
by  means  of  an  ordinary  rule.  If  we  know  the  rate  at  which  the  paper  was  moved,  then  it  i»  easy 
to  catcalate  the  duration  of  ony  event  in  the  curve. 

The  curve  may  be  recorded  on  a  plate  of  glass  fixed  to  ft  tuning-fork  kept  in  vibration.  Every 
part  of  ihc  curve  shows  liiilc  elevations  (whose  rate  of  vibration  is  known  beforehand).  All  thai  is 
required  i&  to  count  the  Dumber  of  vibrations  in  order  to  ascertain  the  duration  of  any  part  of  the 
curve  (Fig.  78). 

Qae  Spbygmoscope. — A  small  metallic  or  glass  capsule  (Fig.  79),  provided  with  an  inlet  and 
&n  outlet  tube,  and  closed  below  by  a  fine  membrane,  is  placed  over  an  artery.  The  inlet  tube  is 
connected  to  a  gas  supply,  and  the  outlet  to  a  ral-tail  gas  burner  [6).  The  gas  jet  responds  to  every 
pulse  beat.     C/euriAc  /•Aoti7grri/At^/  a  l»cam  of  light  set  in  motion  by  the  movcmcnLs  of  the  pul»e. 

Hxmautograpby.— Expose  a  large  artery  of  an  animal,  and  divide  it  so  tliai  the  stream  of 
hloud  ii^suing  frum  it  strikes  against  a  piece  of  paper  drawn  in  front  of  the  blood  stream.  Tlie  curve 
so  obtamed  (Fig.  Ko)  shows,  in  additian  to  the  primary  wave,  P,  a  distinct  dicrotic  wave,  R,  and 
slight  vibrations,  f,  c,  due  to  the  variations  in  the  elasticity  of  the  arterial  wall,  which  shows  that 
the  movements  occur  in  the  blood  itself,  and  are  communicated  as  waves  lo  the  arterial  wall.  By 
estimating  the  amount  of  blood  in  the  various  parts  of  the  curve,  we  obtain  a  knowiedj^c  of  the 
amount  of  blood  di&clurged  by  the  divided  artery  during  the  systole  and  diastole  l>.f.,  the  oarruwintf 
and  dilatation)  of  the  artery— the  ratio  is  7  :  to.  Thus  in  the  uni/  ef  time,  during  arterial  ddsta- 
lion,  rather  more  than  twict  as  much  blood  Hows  out  as  compared  with  what  occurs  during  arterial 
CDU  traction. 

67.  PULSE  TRACING  OR  SPHYGMOGRAM.— [The  Pulse.— With 
each  systole  of  the  heart,  a  rertain  quantity  of  blood  is  fomed  into  the  already 
filled  and  partially  distended  arteries,  the  resistance  in  the  vessels  is  lowest  between 
the  pulsations,  and  at  this  liine  the  arterial  tubes  are  somewhat  flattened,  but  with 
each  systole  of  the  left  ventricle  the  pulse  wave,  or  rather  the  liquid  pressure  within 

the  vessel,  is  increased,  thus  forcing 
Fig.  Si.  the  artery  back  into  the  circular  form. 

"  The  change  of  shape,  from  the  flat- 
tened condition  impressed  upon  the 
vessfl  by  the  finger  or  the  sphygmo- 
graph  lever,  to  the  round  cylindrical 
shape  which  it  assumes  under  the  dis- 
tending force  of  the  blood  within  it, 
constitutes    the  pulse  "  and  it    in- 
dicates the  degree  and  duration  of 
the     increased      pressure      in     the 
arterial  system  caused  by  the  ventri- 
cular systole  {Broadbefit).'] 
Analysis.^ — A    sphygmogram    or   pulse  tracing  consists   of  a  series  of 
curves  (Fig.  St  )  each  of  which  corresiwnds  with  one  l>eat  of  the  heart.     Each 
pulse  curve  consists  of — 

1.  The  line  of  ascent  {a  to  d  in  Fig.  81), 

2.  The  apex  (V  in   Fig.   85,  and  b  in  Fig.  81). 

3.  The  line  of  descent  {b  to  h). 
(i)  The  line  of  ascent,  up-strokc,  or  percussion  stroke,  is  nearly  vertical, 

and  occurs  during  the  dilaiaiion  of  the  artery  produced  by  the  systole  of  the  left 
ventricle,  when  the  aortic  valves  arc  forced  open  and  the  ventricular  contents  arc 
projected  into  the  arterial  system.  [The  ascent  is  nearly  vertical,  but  in  some 
cases,  where  the  ventricle  contracts  very  suddenly,  as  occasionally  happens  in 
aortic  regurgitation,  it  is  quite  vertical  {Fig.  85).]  ^h 

(2)  The  apex  or  percussion  wave  in  a  normal  pulse  is  pointed.  ^| 

(3)  The  line  of  descent  is  gradual,  and  corresponds  to  the  diminution  o^^ 
diameter  or  contraction  of  the  artery.     It  is  interrupted  by  ttvo  compUteiy  distimt 
elevations  OT  secondary  waves.     Such   elevations  are  called  *' catacrotic."     The 
more  distinct  of  the  two  occurs  as  a  well-marked  elevation  about  the  middle  of  the 
descent  (R  in   Fig.  9^^  and  /  in  Fig.  81) ;  it  is  called  the  dicrotic  wave,  or. 
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with  reference  fo  its  mode  of  origin,  the  "  recoii  wave.**  [As  the  descent  cor- 
responds to  the  lime  when  blood  is  flowing  out  of  the  arteries  at  the  periphery 
into  the  capillaries,  ils  direction  wilt  depend  on  the  rapidity  of  the  outflow.  Thus 
it  will  be  more  rapid  in  paralysis  of  the  arterioles  and  very  rapid  in  aortic  regurgi- 
tation, where,  of  course,  much  of  the  blood  flows  backward  into  the  left  venirit  le 
{Fig.  85).  In  this  case,  the  artery  will  recoil  suddenly  from  under  the  finger  or 
pad  of  the  instrument,  and  this  constitutes  the  "  pulse  of  empty  arteries."] 

The  dicrotic  wave,  or  recoil  wave,  corresponds  to  the  time  following  the 
closure  of  the  aortic  valves,  and  is  preceded  in  the  descent  by  a  slight  depression, 
the  aortic  notch. 

[The  tidal  wave,  or  pre-dicrolic,  occurs  between  the  apex  and  the  dicrotic 
wave  (Fig.  81,  d ),  It  occurs  on  the  descent,  and  during  the  contraction  of 
the  ventricle.  The  tidal  wave  is  best  marked  in  a  hani  pulse,  x.^.,  where  the 
blood  pressure  is  high,  so  that  it  is  usually  well  marked  in  cirrhotic  disease  of  the 
kidney,  accompanied  by  hypertrophy  of  the  left  ventricle.] 

[In  soae  cues,  e.g.^  mitral  regurgitation,  the  predicrotic  wave  mcy  he  present  in  some  pulse 
l)cau  and  abicnt  in  others  (Fig.  82),  where  the  liilal  wave  is  present  in  the  largest  pulse, and  absent 
iQ  tlie  others,  while  the  baK  line  ii  uneven.  In  mitral  steno&is  the  nniuunt  of  blood  clii«chnrged 
into  the  left  venuicle  frequently  varies,  hence  the  variations  In  the  characters  of  the  arterial  pulse.] 

There  may  be  other  secondary  waves  in  the  lower  part  of  the  descent. 
[Respiratory  or  Base  Line.— If  a  line  be  drawn  so  as  to  touch  the  bases  of 


Fig.  83. 


Irregulnr  pubc  uf  mill      r    ^      :i.N<>n. 

■D  the  Dp-strokes,  we  obtain  a  straight  line,  hence  called  by  this  name.     The 
base  line  is  altered  in  disease  and  during  forced  respiration  (§  74).] 

Tie  pulse  curve  indicates  the  variations  of  presKurc  which  the  blood  exerts  on  the  arterial  walls, 
CmiIm  lever  rises  and  falls  with  the  pressure,  hence  v.  Kries  calls  it  the  "  pressure  pulse." 

68.  ORIGIN  OF  THE  DICROTIC  WAVE.— The  dicrotic  or  recoil 
wave,  which  is  always  present  in  a  normal  pulse,  is  caused  thus:  During  the 
wniricular  systole  a  mass  of  blood  is  proi>elled  into  the  already  full  aorta,  where- 
byapositive  wave  is  rapidly  transmitted  from  the  aorta  throughout  the  arterial 
lysein,  even  to  the  smallest  arterioles,  in  which  this  primary  wave  is  extinguished. 
Astoon  as  the  semilunar  valves  are  closed,  and  no  more  blood  flows  into  the 
irterial  system,  the  arteries,  which  were  previously  distended  by  the  mass  of  blood 
nddenly  thrown  into  them,  recoil  or  contract,  so  that  in  virtue  of  the  elasticity 
f«nd  contractility)  of  their  walls,  they  exert  a  counter-pressure  upon  the  column 
of  blood,  and  thus  the  blood  is  forced  onward.  There  is  a  free  passage  for  it 
towrd  the  periphery,  but  toward  the  centre  (heart)  it  impinges  upon  the  already 
cfewd  semilunar  valves.  This  develops  a  new  positive  wave,  which  is  propagated 
peripherally  through  the  arteries,  where  it  disappears  in  their  finest  branches.  In 
those  cases  where  there  is  sufficient  time  for  the  complete  development  of  the 
P«lse  curve  (as  in  the  short  course  of  the  carotids,  and  in  the  arteries  of  the 
upper  arm,  but  not  in  those  of  the  lower  extremity,  on  account  of  their  length), 
*(ecoT)d  reflected  wave  may  be  caused  in  exactly  the  same  way  as  the  first.  Just 
*»thc  pulse  occurs  later  in  the  more  peripherally  placed  arteries  than  in  those 
Bear  the  heart,  so  the  secondary  wave  reflected  from  the  closed  aortic  valves 
10 


I,  II,  III,  ftphysntofTKBu  ot  carotid  artcnr:  IV,  axilbry ;  V  to  IX,  rsdiat ;  X,  dicrotic  nulhl  puUc:  XI, 
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[The  conditions  which  fkvor  dicrottsm  are  low  blood  pressure  and  a  rapid,  sharp  cardiac  coo- 
IractioD.  When  the  bluoU  pre&aure  U  low,  there  \i  less  resistance  to  the  inflow  of  blood  at  the 
aorta  from  the  left  ventricle,  so  that  tis  systole  occurs  sharply,  forcing  on  the  blood  and  distend- 
ing the  anerial  walls.  'I*he  elastic  coats  rebound  ou  the  contained  blood,  and  thus  start  a  wave 
from  the  closed  semilunar  valves.] 
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The  following  points  regarding  the  dicrotic  wave  have  been  ascertained  experi- 
mentally, chiefly  by  Landois: — 

1.  The  dicrotic  wave  occurs  later  in  the  descending  part  of  the  curve,  the  further 
the  artery  experimented  upon  is  distant  frora  the  heart.  Compare  the  curves, 
f-'ig-  S3. 

The  shortest  accessible  course  is  that  of  the  carotid ;  where  the  dicrotic  wave  reaches  its 
maximum  o-JS  to  0.37  sec.  after  the  beginning  of  the  pulse.  In  the  upper  exiremily  the  apex 
of  the  dicrotic  wave  is  aj6  to  0.38,  to  0.40  sec.  afler  ihc  beginning  of  the  pulse  beat.  The 
longest  course  is  that  of  the  arteries  of  the  lower  extremity.  The  apex  of  the  dicrotic  wave 
occurs  0^5  to  0.52  to  0.59  sec.  after  the  b^nnli^  of  the  curve.  It  veHcs  with  the  height  of 
the  individual. 

2.  The  dicrotic  elevation  in  the  descent  is  lower,  and  is  less  distinct,  the  further 
the  artery  is  situated  from  the  heart,  so  that  the  longer  the  distance  which  the 
srave  has  to  travel  the  less  distinct  it  becomes. 

3.  It  is  best  marked  in  a  pulse  where  the  primary  pulse  wave  is  short  and 
energetic.  It  is  greatest  relatively  when  the  systole  of  the  heart  is  short  and 
energetic. 

4.  It  is  better  marked  /Af  lower  the  tension  of  the  blood  uithin  the  arteries  [and 
is  best  developed  in  a  soft  pulse].  In  Fig.  83,  I.X  and  X  were  obtained  when  the 
tension  of  the  arterial  was  icw ;  V  and  VI,  medium;  and  VII  with  high  tension. 

Condtttona  influencing  Arterial  Tension. — It  is  diminished  at  the  beginning  of  inspiration 
|fl  T4).  ^0'  licmorrhaee,  stoppage  of  ttic  heart,  heat,  an  elcvaici  posiiion  of  parts  of  the  body,  aroyl 
t  niuite,  Diiro-glycerinc,  and  the  nitrites  generally.     [Both  drugs  accelerate  the  pulse  bests  and 


Fif;.  84. 
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^^^  ttsctngs.    A,  HOnnat;  A',  odc  jninntc  aitcr  inhalation  at  amyl  nitrtu  -  U,  nornul ,   U',  after  a  doM  ol  nltro> 

glycerinv  {Stirling,  a/Itr  Mmrreii). 

pnditt  muked  dicrDttsm;  with  amyl  nitrite  the  full  cITect  is  obtained  in  from  15  to  20 sec.  afler 
An Ifihalition  of  the  dose  (Fig.  84,  A,  A'),  but  with  niira-glycerine  not  until  6  or  7  min.  (Fig.  84, 
B.B'j  ud  hi  the  latter  case  the  efTeas  last  longer.]  It  ii  increased  at  the  beginning  of  expiration, 
bf  tccelerated  action  of  the  heart,  stimuUtion  of  vuo-motor  nerves,  diminished  outflow  of  btood  at 
Ik  periphery,  and  by  ioAammaiory  congestion  by  certain  poisons,  as  lead ;  compression  of  other 
lD|earierial  trunks,  action  of  cold  and  electricity  on  iKe  sm.i11  cutaneous  vessels,  and  by  impeded 
fli^ow  of  venous  blood.  When  a  large  arterial  trunk  is  ex- 
pwd,  the  Etimolatton  of  the  air  causes  it  to  contract,  resulting 
•  w  increased  tension  within  the  vessel.  In  many  diseased 
oadilions  the  arteriat  tcniion  is  greatly  increased — [''■^■1  in 
teslM's  disease,  where  the  kidney  is  contracted  {"  granular  "), 
»a»befe  the  left  yentricle  is  hypertrophiedj. 

laillthew  conditions  increased  arterial  tension  b  indicated 
inihc  dicrotic  wave  being  lc<is  high  and  less  distinct,  white 
nil  ditniiiisbed  arterial  len&ion  it  is  a  larger  and  appar- 
ndy  more  independent  elevation.  Moens  has  shown  that 
tlw  t»ne  between  the  primary  elevation  and  dicrotic  wave  in 
ocaies  with  increaM  in  (he  diameter  of  the  tube,  wiih  dimino- 
tioo  of  ill  thickness,  and  when  its  coefficient  of  elasticity 
<ii«ntibcs. 

[The  dierodc  ware  is  absent  or  but  slightly  marked  in  cases 
tfilhcrona  and  in  aortic  regurgitation  (Kig.  H5).     In  this  figure  observe  also  the  vertical  character ot 
^tP'ttmle.] 

£Ustic  Elevations. — Besides   the  dicrotic  wave,  a  number  of  small  l^s- 
mrked  elevations  occur  in  the  course  of  the  descent  in  a  sphygmogram  (Fig. 
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83,  ^,  e).  These  elevations  are  caused  by  the  elastic  tube  being  thrown  into  vibra^ 
lions  by  the  rapid,  energetic  pulse  wave,  just  as  an  elastic  membrane  vibrates  when 
it  is  suddenly  stretched.  The  artery  also  executes  vibratory  movements  when  it 
passes  suddenly  from  the  distended  to  the  relaxed  condition.  These  small  eleva- 
tions in  the  pulse  curve,  caused  by  the  elastic  vibrations  of  the  arterial  wall,  arCj^J 
called  ''elastic  elevations  "  by  Landois.  ^H 

(i)  The  elastic  vibrations   increase   in   number   in   one  and   the  same  artery^^ 
with  the  degree  of  tension  of  the  elastic  arterial  wall.     A  very  high  tension  occurs 
in   the  cold  stage  of  intermittent  fever,  in  which  case  these  elevations  are  weUj 
marked. 

(2)  If  the  tension  of  the  arterial  wall  be  greatly  diminished,  these  elevations' 
may  disappear,  so  that,  while  diminished  tension  favors  the  production  of  the 
dicrotic  wave,  it  acts  in  the  opposite  way  with  reference  to  the  "elastic  elevations." 
(3)  In  diseases  of  the  arterial  walls  affecting  their  elasticity,  these  elevations  are 
either  greatly  diminished  or  entirely  abolished.  (4)  The  further  the  arteries  arc 
distant  from  the  heart,  the  higher  are  the  elastic  elevations.  (5)  When  the  mean 
pressure  within  the  arteries  is  increased  by  preventing  the  outflow  of  blood  from 
them,  the  clastic  vibrations  are  higher  and  nearer  the  apex  of  the  curve.  (6)  They 
vary  in  number  and  length  in  the  pulse  curves  obtained  from  different  arteries  of 
the  body. 

When  the  aim  is  held  in  an  upright  position,  after  live  minutes  the  bloodvessels  empty  thcnueWet 
and  collapse,  white  the  elasticity  uf  the  arteries  i%  diminished. 

69.  DICROTIC  PULSE. — Sometimes  during  fever,  especially  when  the  lemperaiure  is  high,  a 
dicrotic  pulse  may  l>c  ft-ll,  each  pulse  I>eat,  as  it  were,  being  comjx>«cd  of  two  beats  (Pig,  83,  X),  one 
beat  being  large  and  the  otlier  small,  and  more  Ulce  an  after  beat.  Both  beats  correspond  to  ffHt 
beat  of  the  heart.  The  two  beats  are  quite  distinguishable  by  the  touch.  The  phenomenon  ii 
only  an  exaggerated  condition  of  what  occurs  in  a  normal  pulse.     TAe  sensibU  teepndbtat  is  nothing 


Ucvtlopnkciit  I'f  llic  PuLiu 

more  than  ike  greatly  increased  d'urotic  elevaliou^  which,  under  ordinary  conditions,  ii  not  fdt 
the  finger. 

Conditions. — The  occurrence  of  a  dicrotic  pulse  is  favored  (i)  by  a  short  primary  pulse  wave, 
u  in  fevers,  where  the  heart  beats  rapidly. 

(a)  By  diminished ar/etiat (cHtion.  \  short  systole  and  diminished  arterial  blood  pronrc  are 
the  most  favorable  conditions  for  causing  a  dicrotic  pulse.  [So  that  dicrulism  is  beet  marked  in  a 
■oft  pulse.]  The  doable  Iwat  may  be  felt  only  at  certain  parts  of  the  arterial  system,  while  at  oihci 
parts  only  a  single  beat  is  felt.  A  favorite  site  is  the  radial  artery  of  one  or  other  side,  where  condi- 
tions favorable  to  its  occurrence  ap|>ear  to  exist.  This  seems  to  be  due  to  a  local  diminutioa  of  the 
blood  pressure  in  this  area,  owing  to  the  paralysis  of  its  vasomotor  nerves  (Landois).  If  the 
leniioo  be  increased  by  compres)^ing  other  large  arterial  trunks  or  the  veins  of  the  part,  the  double 
beat  becomes  a  simple  pulse  l>eat.  The  dicrotic  pulse  in  fever  seems  to  be  due  to  the  increased 
temperature  (39°  to  40°  C),  wlicrcby  the  artery  is  more  distended,  and  the  heart  beat  is  shorter 
and  more  prompt. 

(3)  It  is  absolutely  necessary  that  the  elasticity  of  the  arterial  wall  he  normal.  The  dicrotic 
pulse  does  not  occur  in  old  persons  with  atheromatous  arteries. 

'    Monocrotic  Pulse. — In  Fig.  S6,  A,  H,  C,  we  observe  a  gradual  passage  of  the  norma]  rrndtol 
cniTC,  A,  into  the  dicrotic  beat,  B,  and  C,  where  the  dicrotic  wave,  r,  appears  as  ao  independent 
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|clev«tion.  If  ihe  frequeDCjr  of  ihe  pulK  increases  more  nrnl  more  in  fever,  the  next  following 
limUe  bc«l  may  occur  in  ihe  ascending  j»art  of  llie  dicrotic  wave,  D,  E.  V,  and  it  may  even  occur 
Fcloce  to  Ihe  apex.  G  (P.  caprizans).     If  the  next  foUowiog  beat  occurs  in  the  depicuton,  i^ 

between  the  primary  elevaiion,  /,  and  the 
[  dicrotic  elevation,  r,  the  latter  entirely  dia-  *^'^-  ^7* 

lappeart>aDd  the  curve,  H,  assumes  what  f 

'TDf^t^'crDror^-^?;,-;; .,.  f  AAAAAMAa  A  A^ 

I  auftic  i.oich  reaches  the  respiratory  orba»elvV    \r\A\rVv\AV    \f\f\f\ 
line,  Ihe  tidal  wave    Iiavln)*    disappeared,  I 

Ihe  puUe  is  said  to  be  fully  dicrotic.  When  Hvcerdicrotic  Pntoe. 


I 


:  pul&e  u  said  to  Ik  fully  dicrotic.  Wbeo  Hyperdicrotic  Ptitoe. 

the  aortic  notch  falls  below  the  Imse  line, 

f-  r.,  below  where  the  u|varoke  begins,  the  pulse  is  said  to  be  hyperdicrotic  (Fig.  87).  This 
fbrtn  occurs  during  high  fever  (104°  F.],  and  is  u&ually  a  grave  sign,  indicating  exhaustion  and  the 
ii«ed  for  stimulants.  1 

70.  CHARACTERS  OF  THE  PULSE.— [The  three  factors  concerned  in  the  produc- 
lion  of  the  pul^e  are,  (l)  the  action  of  the  heart,  (3)  the  elasticity  uf  the  large  vessels,  (3)  the 
resistance  in  the  small  aneries  and  capillaries.  Any  or  all  or  several  of  these  factors  mny  be 
Bodtfied.]  {!)  Frequency. — According  as  a  greater  or  less  numSero/  bcafi  occurs  in  a  given 
time,  f.  /'.»  per  minute,  the  puke  is  said  to  be  frequent  or  infrequent.  The  nonsal  rate,  in  inan 
^  71  per  minute,  and  somewhat  more  in  ihc  female;  in  fever  it  may  exceed  120  (250  have  been 
couiUed  by  Bowles),  while  in  other  diseases  it  may  fall  to  40,  and  even  10  to  15:  but  such 
curs  are  rare,  and  are  probably  due  to  an  atTectiou  of  the  cardiac  nerves  ({  41).  The  frerjueacy 
of  the  pulse  is  usually  increased  when  the  respirations  arc  deeper^  but  nut  more  numerous,  i.  e., 
tmpiA  shallow  respirations  do  not  affect  the  frequency  of  the  pulse,  but  deep  respirations  do.  [The 
frei^aency  may  be  regular  or  irregular  with  regard  to  time.] 

(x)  Celerity  or  Rapidity. — If  the  pulse  wave  is  developed,  so  that  the  distention  of  the  artery 
slowly  reaches  its  height,  and  the  relaxation  also  takes  place  gradually,  we  have  the  p.  tardus  or 
iinp  Of  /a»i^  pulse  i  tlie  opposite  condition  gives  rise  to  the  p.  Celer  or  quid  or  short  pulse.  The 
rapidity  of  the  palse  is  increased  by  quick  action  of  the  heart,  power  of  expan^on  of  the  arterial 
vallt.  easy  etllux  of  blood  owing  to  the  dilatation  of  the  »mall  arteries,  and  by  neamcs:^  to  the  heart. 
[The  quidnes  t  has  reference  to  a  single  pulse  beat,  iht/rftfitenty  to  a  number  of  beats.  ]  1  ti  a  quick 
V«lse,  the  curve  is  high  and  the  angle  at  the  ipcx  is  acute,  while  in  k  slow  pulse  the  ascent  is  low 
ind  the  angle  at  the  a|>ex  is  large. 

(3)  Conditions  AfTecting  the  Pulse  Rate.— Frequency  in  Health. — In  man  the  normal 
pulse  rmte  =  71  to  72  beats  per  minute,  in  the  female  about  80.     In  some  individuals  the  pulse 
ntemiy  be  higher  (90  to  100),  in  others  lower  (50),  and  such  a  fact  must  be  borne  in  mind. 
1-1  A«e:— 

B«AU  per 
Adinuic. 

5  years, 94  to  90 

10     "      nlioul  90 

10  to  15  years, 78 

15  to  20     "        70 

ao  to  25     "       70 


BtfflM  per 
Minute. 
Newly  bom,  .    .    ,     13010140 

»y«r 12010  130 

ajon, 105 

3    "  .    .    100 

-*  .    .      97 


Beats  per 

Mtnuie 

25  to  50  years 70 

60  years. 74 

80     ••      79 

So  to  90  years,    .    .  over  So 


(')  The  length  of  the  body  has  a  certain  relation  to  the  frequency  of  the  pulse.     The  fullowii^* 
fwuhave  been  oUained  by  Czamecki  from  the  formube  of  Volkmann  and  Kameaux  :^ 

iawca. 

Soto  90 

90  ifl  100 


Length  of  Body  Pulse. 

in  10  era.  Calculated.    Observed. 

140  10  150, 69  74 

150  to  160, 67        '  68 

tboto  170, 65  65 

170  to  180, 63  64 

Above  180, 60  60 


Pubc. 

Calculated,     Otwerved. 

90  "3 

86  91 

lODWllo, 81  87 

no  to  120, 78  84 

no  to  130 75  78 

>J0 10140, 72  86 

I')  The  pulse  rate  is  increased  f>y  muscular  activity,  by  every  increase  of  ike  arterial  thod 
/T**"'*/  {'J^i"S  p/  fofii,  increased  ientpcrature, painful  sensations, by  pfyihical  dis'urhances^and 
[in  ttireme  debi/i/y\.  Increased  keal^  fever,  or  pyrexia  increases  the  frequency,  and  as  a  rule  the 
•OOM  varies  with  Ihc  height  of  Ihe  temperature.  [Dr.  Aitken  states  that  an  increase  of  the  tem- 
fCTsiorc  of  1°  F,  above  98*'  F.  corresponds  with  an  increase  of  ten  pulse  l>cats  per  minute ;  thus — 


Tew  f. 

loiy 


Pula«  Rate. 
.    .    60 


Temp.  K. 
101*"  . 
102"  , 
103*  . 


Pulse  Ratt. 
•    .     90 
.    .   100 
.     .    IIO 


Temp.  F. 
104°  . 
1 05"  , 
106". 


Pul*€  R«W. 
.    .  120 
.    .  130 
.    .140 


150 


VARIATIONS    IN    THE   CHARACTERS  OF  THE    PULSE, 


This  is  merely  an  approxinisle  Mtiinate.]  It  is  more  rreqnent  when  «  person  is  ntanding  than  wbeo 
he  lies  down.  Muuc  acccltrratcs  the  pulse  and  increases  the  blood  pressure  in  dogs  and  men. 
Increased  barometric  pressure  diminishes  the  frequency. 

The  Variation  of  Ihe  Pulse  Rate  during  the  Day. — 3  to  6  a.m.  =  61  beats ;  8  to  \\%  km, 
■^  74.  It  then  falls  toward  2  i.M.  \  louard  3  (ai  dinner  time)  another  increase  takes  place  and 
goes  on  until  6  (o  S  I'.M.  —  73;  and  it  fnlts  until  midnight  t^  54,  It  then  rises  agua  toward  2 
A.M.,  when  it  soon  falls  n^^ain,  and  afterward  rises  as  before  toward  3  to  6  A.M. 

[Pulse  Rate  in  Animals.— {CfAM.} J 

[■rr  Min.     I  PcrMin.  Psr  Min. 

Lioness 68  Rabbit iao-150 

Tiger 74  Mouse, lao 

Sheep 70-So  Goose no 

Goal. 70-80  Figeos 136 

leopard 60  Hen, 140 

Wolf  (female),  .    .  96  Snake 24 

Hya-na, 55  Carp, ao 

Dog, 90-100  Frog, So 

Salamander,  ,    ,    ,    ,  77 


Elephant 25-28 

Camel 28-32 

CirBfle 66 

Horse 3^40 

Oa 45-50 

Tapir 44 

Asa, 46-50 

PSg.  .* 7o-«o 

Lion, 40 


Cat, 120-140 

(4)  Variations  in  the  Puloe  Rhythm  (AUorhythmia).— On  applying  the  lingers  to  the  oonual 
pulse,  we  feci  beat  after  beat  occurring  at  aiipareiilly  ei|ual  irtlcrvaU.  Sometimes  in  a  normal  series 
a  beat  is  omitted  ^^  pulsu**  intermittens,  or  intermittent  pulse.  [In  feeling  an  intemiitient  pulse, 
we  imagine  or  have  the  impression  that  a  beat  is  omitted.  This  may  be  due  to  a  relkx  arrest  of  the 
ventricular  contraction,  canscci  by  digestive  derangement,  in  which  case  it  has  no  great  significance; 
but  if  it  be  due  to  failure  of  the  ventricular  action,  intermittent  pulse  is  a  serious  symptom,  being 
frequently  present  when  the  muscular  walls  are  degenerated.]  At  other  times  the  beats  become 
smaller  and  smaller,  and  after  a  certain  time  begin  .in  large  as  before  =^  p.  niyuruB.  When  an 
extra  Iieal  is  intercalated  in  a  normal  scries  —  p.  Intetcurrens.  The  re^;ular  aliernalion  of  a  high 
and  a  low  l>eai  =  p.  altemans  ^Fig.  8S).     In  the  p.  bigeminua  of  Traube  the  beats  occur  in 

Flo.  SS. 


Pulsus  altcmsuM. 


pairs,  so  that  there  is  a  longer  pause  after  every  two  beats.  Trsul>e  found  thai  he  could  produce  tl 
form  of  jjulsc  in  curari«d  dogs  by  stopping  the  artificial  respiration  for  a  long  time.  The  p. 
trigeminus  and  quadrlgeminua  occnr  in  the  same  way,  t>ut  the  irregularities  occur  after  every 
third  and  fourth  beat.  Knull  found  that  in  animals  such  irregularities  of  the  pulse  were  apt  to 
occur,  as  well  as  great  irregularity  in  the  rhythm  generally,  when  there  is  much  resistance  to  the 
circulation,  and  consequently  the  heart  has  great  demands  ujion  its  energy.  The  sanie  occurs  in 
man  when  an  improper  relation  exists  between  the  force  of  the  cardiac  muscle  and  the  work  it  ha» 
to  do  {Kiegtl'\.     Complete  irregularity  of  the  heart's  action  is  called  arhytbroia  cordis. 

71.  VARIATIONS  IN  THE  CHARACTERS  OF  THE  PULSE.— Compreasibaiiy. 
— The  relative  strength  or  com  press  ibility  of  the  pulse  (p.  fortis  and  debilis),  /.  e.,  whether  the 
pulse  is  siroHf;  or  lueai,  \%  t^limated  by  the  weight  which  Ihe  pulse  is  able  to  raise.  A  sphygino- 
graph,  provided  with  an  index  indicating  the  amount  of  pressure  exened  upon  the  spring  prcsung 
opon  the  artery,  may  be  used  (Fig.  73).  In  this  case,  as  soon  as  the  pressure  exerted  upon  the 
artery  overcomes  the  pulse  beat, the  lever  ceases  to  move.  Tke  xoeight employed induaies ike  strength 
ef  the  puhe.  [The  finger  may  be,  and  generally  is  used.  The  fitter  is  pressed  upon  the  artery 
until  the  pulse  beat  in  the  artery  beyond  the  point  of  pressure  is  oblitcntted.  In  health  it  require<t 
a  pressure  of  several  ounces  to  do  this.  Handfield  Jones  uses  a  sphygmometer  for  this  purpose. 
It  is  constructed  like  a  cylindriciL  letter  weight,  and  the  pressure  is  exerted  by  means  of  a  spiral 
spring  which  has  been  carefully  graduated.]  The  pulse  is  Hard  or  soft  when  the  artery,  occording 
to  the  mean  blood  pressure,  gives  a  feeling  of  greater  or  lea  resistance  to  the  finger,  and  this  quite 
independent  of  the  energy  of  the  individual  pulse  beats  (p.  duru.s  and  mollis).  In  estimating  the 
tension  of  the  artery  and  the  pulse,  i.e  ,  whether  it  '\%  hard  ox  soft,  it  is  important  lo  observe  whether 
the  artery  has  this  (jualily  only  during  the  nutse  wave,  t.  e.,  if  it  is  hard  during  diastole,  or  whether 
it  is  hard  or  soft  during  the  period  of  rest  of  the  arterial  wall.  Alt  arteries  are  harder  and  less  com- 
pressible during  the  pulse  beat  than  during  the  period  of  rest,  but  an  artery  which  is  very  hard  during 
Ihe  pulse  beat  may  be  hard  also  during  the  pause  between  the  pulse  beats,  or  it  may  t>e  very  soft,  as 
ID  insufliciency  of  the  aortic  valves.     In  this  case,  after  the  systole  of  the  left  ventricle,  owing  to  the 
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Dpeteocy  of  the  aortic  semilanar  valves,  a  lan;e  amount  of  blood  flows  back  into  the  ventricle* 
aa  that  the  arteries  are  thereby  suddenly  rendered  partially  empty.  [The  sudden  collapse  of  the 
■ncry  gives  rite  to  the  characteristic  "  pulse  nf  untJlk'd  arteries"  (Fig.  85  j.^ 

Under  similar  cotiditions,  the  volume  of  th«  pulse  is  obvious  from  llie  bize  of  the  »i)hygmogram, 
•o  that  wc  speak  of  a  /arg^f  oiid  a  small  pulse  f  p.  mognus  and  parvus).  Sometimes  the  pulse  is  so 
ihrcady  and  of  such  diminished  volume  that  it  cnn  scarcely  be  felt.  A  large  pulse  occurs  io  disease 
when,  owin^  to  hypeitrouhy  of  the  left  ventricle,  a  lart^e  amount  of  blood  is  forced  into  the  aorta. 
A  JOTiTiVpuUe  occurs  under  the  opposite  condition,  when  .1  small  amount  of  blood  is  forced  into  the 
AOCIA,  cither  from  a  dimioution  of  the  total  amount  of  the  blood,  or  from  ihe  aortic  orifice  being 
BUTOwed  [aortic  stenosis],  or  from  disease  of  the  mitral  valve;  again,  where  the  ventricle  contracts 
feebly,  the  pulse  becomes  small  and  thready. 

Compare  the  two  radiala.  Sometimes  the  pulse  differs  on  the  two  sides,  or  it  may  be  absent  on 
one  side.  [The  pulse  wave  in  the  two  radials  is  often  difTcreni  when  an  aneurism  is  present  on  one 
Bde.] 

Angiomcter. — Waldenlraig  constructed  a  "  pulse  clock,"  to  register  the  tension,  the  diameter  of 
the  artery,  and  the  volume  of  the  pulse  upon  a  dial.  It  docs  not  give  a  graphic  tracing,  the  results 
being  marked  by  the  position  of  an  intiiic-itor. 

7*.  THE  PULSE  CURVES  OF  VARIOUS  ARTERIES.— r.  Carotid  (Fig  83,  I.  II. 
Ill;  Kig.  93,  C  and  C,).  The  ascending  part  is  very  steep — the  apex  of  the  curve  (Fig.  8j,  P|  is 
•harp and  high.  Below  the  apex  there  i.s  a.  small  notch — the  "aortic  notch"  {Fig.  8j,  K) — which 
depends  on  a  positive  wave  formed  in  the  root  of  the  aorta,  owing  to  the  closure  of  the  aonic  valves, 
and  propagated  with  almost  wholly  undimini-Hhed  energy  into  the  carotid  artery.  Quite  close  to  this 
notch,  if  the  curve  he  obtained  with  minimal  friction,  the  Brst  clai^tic  vibration  occurs  (Fig.  83,  II,  /). 
Above  the  middle  of  the  descending  part  of  the  curve  is  the  dicrotic  elevation,  R,  produced  by 
the  reflection  of  a  positive  wave  from  the  already  closed  semilunar  valves.  The  dicrotic  wave  is 
relatively  small  on  account  of  the  high  tension  in  the  carotid  artery.  After  this  the  curve  falls 
rapidly,  but  in  its  lowest  third  two  small  elevations  may  be  seen.  Of  these  the  former  is  due  lo 
elastic  vibralion.  The  latter  represents  a  j^r(;/i</ dicrotic  wave  (Fig.  S3.  Ill,  R).  Here  there  is  a 
tntr  tri^rpfitm^  which  is  more  easily  obtained  from  the  carotid  on  account  of  the  shortness  of  the 
arterial  channel. 

1,  Axillary  Artery  (Fig.  83.  IV).  In  this  curve  ihea-icent  Is  very  steep,  while  in  the  descent  near 
the  apex  there  !<(  a  smalt  (aortic)  elevation,  K ,  caused  by  a  paiitive  wave,  produced  by  the  closure 
nf  the  aortic  valves.  Uelow  the  middle  there  is  a  tolerably  high  dicrotic  elevation,  R,  higher  than 
IB  the  carotid  curve ;  V>ecause  in  the  axillary  artery  the  arterial  tension  is  less,  and  i>ermils  n  greater 
AeTelopment  of  the  dicrotic  wave.     Further  on,  two  or  three  small  clastic  vibrations  occur.  ••,  e. 

3.  Radial  Artery  [  h"ig.  78 ;  Hg.  83,  V  to  X;  ^■ig.  93.  K  and  R,).  The  line  of  ascent  (Fig. 
R3)  u  loletably  high  and  sudden — somewhat  in  the  form  of  a  long/.  The  apex,  P,  Is  well  marked. 
Bdu«  this,  if  the  tension  be  high,  two  elastic  vibrations  may  occur  (V,  e^  e),  but  if  it  be  low,  only 
«m(V1  to  IX,  f).  About  the  middle  of  the  curve  is  the  weU-marketl  dicrotic  elevation,  R.  This 
vm  is  least  pronounced  in  a  small  hard  pulse,  and  when  the  anery  is  much  distended  (Hg.  83, 
VII,  R,);  it  is  larger  when  the  tension  is  low  (Fig.  83,  IX,  R), 
Aid  a  greatest  of  all  when  the  pulse  is  dicrotic  (X.  R).  Two 
tt  llute  small  elastic  elevations  occur  in  the  lowest  part  of  the 
nne 

4-  Femoral  Artery  (Fig.  83,  XI.  XII).  Tlie  ascent  is 
tM])  and  high — the  apex  of  the  curve  is  not  unfrequently 
Iwsd,  and  in  it  the  closure  of  the  aortic  valves  (K)  ts  indi- 
tmd.  The  curve  falls  rapidly  toward  its  lowest  third.  The 
AttOttc  elevation,  R.  occurs  late  after  the  beginning  of  the 
OUTt.siul  there  are  also  small  elastic  elevations  \e,  r^. 

5.  Pedal  Artery  (Fig.  83,  XIV,  XV),  and  Posterior  Tibial 
(fH- S9  and  Fig.  83,  XIII).  In  pulse  curves  obtained  from 
tacK  uienes,  there  are  welUmaikea  indications  that  the  appara< 
Ui(heiii)  producing  the  waves  is  placed  at  a  considerable  dis- 

tMKc.  The  Mcent  is  oblique  and  low — the  dicrotic  elevation  occurs  late.  Two  elastic  vibrations 
"^V'Sjt  XIV, /,  f)  occur  in  Ihe  descent,  but  they  are  very  close  to  the  apex,  while  the  clastic 
nfcfUioDsat  the  lower  part  of  the  curve  ore  feebly  marked.  Fig.  &9  is  from  the  posterior  tibial. 
^^nien  ncatured  it  givet  the  following  result : — 


Fir..  Sf). 


Curve  ul  (>u«icrior  ttbi.1l.  Wrlt- 
Ifln  hyihe  imgiograph  upon 
A  ribnting  pUtc. 


I  to    2  , 

I  lo  3  , 

1  to  4 

I  to  6 


I  \-ibration  ts  ■=■  0.01613  sec 


73-  ANACROTISM.— As  a  general  nile,  the  line  of  ascent  of  a  pulse  curve  has  the  form  of 
la/f  tad  is  nearly  vertical.  The  arterial  walls  are  thrown  into  ela-stic  vibration  by  the  pulse  beat, 
■4  the  tiamber  of  vibrations  depends  greatly  upon  the  ten-sion  of  the  arterial  walls.     The  disten- 
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tion  of  the  artery,  or  whtt  U  the  same  thing,  the  ascent  of  the  sphygmogrun  usaalljr  oecttn  M 
r&i>idly  that  it  i«  e'^ual  to  one  ela&iic  viliration.  The  elongated  /-shape  of  the  osceni  is  fundanent- 
ally  just  a  prolonged  eb.siic  viliration.  When  the  nu(nt>er  of  vibrations  causing  ihe  elastic  voriolioa 
is  Mnall,  and  when  the  hnc  of  ascent  is  prolonged,  two  elevations  occasionally  occur  in  the  hne 
ascent.  Such  a  contlitiun  may  occur  normally  (  Kig.  Sj,  VIII,  at  land  2;  X,  at  I  and  a).  W 
a  series  of  closrly-ptaced  elastic  vihraiinns  occur  in  ihe  upper  part  of  the  line  of  ascent,  so  that  lb 
apex  appear*  tlentatc  and  fotms  an  angle  with  the  line  of  ascent,  then  the  condition  becomes  one 
of  anacrotism  ( i-'ig.  90,  n,  a),  which,  when  it  is  so  marked,  may  t)c  characicrized  as  pathological. 
ADacroli&m  of  the  pul&e  occurs  when  the  iimc  of  the  inllux  of  ihc  blood  is  longer  than  the  ume 
occupied  hy  an  elastic  vibralion.      Hence  it  takcK  place — 

( I)  In  dilatation  and  hypertrophy  of  the  left  ventricle,  f,g^.,  Ftg.  90,  A.  «  tracing  froin  the 


Anacrotic  rBtllal  curvea.    tf,  ri.  Uk  uucrolic  parii 

radial  artery  of  a  man  suffering  irom  contracted  kidney.     'Ilie  large  volume  ot  blxM>d  expelled 
each  systole  reipiiren  a  long  lime  to  dilate  the  tense  arteries. 

(21  When  the  extensibility  of  the  arterial  wall  is  diminished,  even  the  normal  amoant  ot 
btuoil  ex|>cllcd  from  the  heart  at  every  systole  rei|uires  a  long  time  to  ililale  the  artery.  This  occun 
in  old  |ieople  where  the  arteries  tend  to  become  rigid,  /.  ^.,  in  atheroma.  Cold  also  stimulates  the 
arteries,  so  that  they  become  less  extensile.  Wiihin  one  hour  after  a  tepid  both,  the  pulse  assumes 
the  anacrotic  form  {FTg   90.  D|  G.  v.  f.itbig). 

Ij)  ^Vhcn  the  bluoi]  stagnates  in  consequence  ot  great  diminuiiin  in  the  velocity  of  the  t^ood 
stream,  as  occurs  in  paralyzed  limbs,  the  volume  of  blood  propelled  into  the  anery  at  every 


i'u.  91, 


I.  11.  III. 

I.  II,  111,  curv«*  witli  snacroiic  clevnliotu  «,  in  iti>u0icieacy  ol  ihe  aortic  vslva. 


tole  no  longer  produces  the  normal  distention  of  the   arterial  coats,  and  anacrotic  notches  occBC 
(Fig.  90.  H). 

(4)  After  ligature  of  an  artery,  when  blood  slowly  reaches  the  peripheral  pan  of  the  veisel 
through  a  relatively  small  collateral  circulation,  it  niso  occurs.  If  the  brachial  artery  be  com- 
pressed ^o  thai  the  blond  slowly  reachrs  the  radial,  the  radial  pulse  may  liecome  anacrotic.  [|  often 
occiini  in  stenosis  of  the  aorta,  as  the  hluvd  has  difficnhy  in  getting  into  the  auria  (I'ig.  90,  C). 

Recurrent  Pulse. — If  the  radial  artery  be  compresiied  at  ihe  wrist,  the  pulse 
beat  reappears  on  the  distal  side  of  the  poitit  of  pressure  through  the  arteries  of 
the  palm  of  the  hand  {/anaitii,  Ntru/frt).  The  curve  is  anacrotic,  and  the 
dicrotic  wave  is  diminished,  white  the  elastic  elevations  are  increased. 


INFLUENCE   OF   RESPIRATION   ON  THE   PULSE   CURVE. 


153 


JS)  A  fl|>ed«l  fonn  of  anacrotistn  occurs  in  cases  of  well-marked  insufficiency  of  the  aortic 
ves.  Practically,  in  these  cases,  the  aorta  remuins  i^ennancndy  open.  Ttic  cuntiactioa  of  the 
Rft  auricle  causes  in  the  blood  a  wave  molion,  which  is  at  onci:  propagated  through  the  o[>en  mouth 
of  the  aona  into  the  large  blood  vessels.  This  wave  is  followed  by  the  wave  caused  by  ihc  con- 
traction of  the  hvpertrophied  left  ventricle,  but  of  course  the  former  wave  is  not  so  large  as  the 
Latter.  In  insufficiency  of  the  aortic  valves,  the  auricular  wave  occurs  before  the  veiiiricular  wave 
to  the  ascending  part  of  the  curve.  The  auricular  is  well  marked  only  in  the  large  vessels,  for  it 
soon  becomes  lo»t  in  the  peripheral  vesseU,  Fig.  91,  I,  was  obtained  from  the  carotid  of  a  man 
sufl'ering  from  -weU-markiJ  insufficiency  of  the  aortic  valves,  with  considerable  hypertrophy  of  the 
lefl  vemricle  and  left  auricle.  The  ascent  is  sleep,  caused  by  the  force  of  the  contracring  heart.  la 
the  apck  of  the  curve  are  two  projcciitins;  A  is  the  anacrotic  auricular  wave,  anil  \  is  the  ventricu- 
lar wave.  Kig.  91,  II,  in  a  curve  obtained  from  the  subclavian  artery  of  the  same  individual.  In 
the  femoral  artery  the  auricular  projection  is  only  obtained  when  the  friction  of  the  writing  style  \% 
reduceii  to  the  minimum,  and  when  it  occurs  it  immediately  precedes  the  beginning  of  the  ascent 
(Fig.  S6.  III.  j).  The  puUe  curve,  in  casca  of  aortic  insufficiency,  is  also  characicrized  by  (i) 
its  considerable  height;  (2)  the  raind  fall  of  the  lever  from  the  aj>ex  of  the  curve,  because  a  large 
pan  of  the  blood  which  is  forced  into  the  aorta  regur^gitates  into  the  left  ventricle  when  the  ventricle 
'v^*J^^>  (3)  Dot  unfrequently  a  projection  occurs  at  the  apex,  due  to  the  elastic  vibration  of  the 
tense  aitenal  wall-,  (4)  the  dicrotic  wave  (R)  is  small  compared  with  the  size  of  the  curve  Itself, 
because  the  pulse  wave,  owing  to  the  lesion  of  the  aortic  valves,  has  not  a  sun*icicritly  large  surface 
to  be  reflected  from  (Fig.  85).  The  ^reat  height  of  the  curve  is  explained  by  the  large  amount  of 
blood  projected  into  the  aortic  system  by  the  greatly  hypertrophied  and  <lilaied  ventricle. 

74.    INFLUENCE     OF      RESPIRATION     ON     THE     PULSE 

CURVE. — The  respiratory  movements  influence  the  pulse  (i)  in  a  purely 
physical  way.  Stated  broadly,  the  blood  pressure  rises  during  inspiration  and 
falls  duiing  expiration,  but  when  we  consider  the  effect  on  the  pulse  curve,  it  is 
found  that  it  varies  with  the  depth,  rapidity,  and  ease  of  respiration  \  (3)  the  res- 
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\        ptnitory  movements  are  accompanied  by  stimulation  of  the  vasomotor  centre, 

which  produces  variations  of  the  blood  pressure. 

1.  Normal  Respiration. — Fig.  92  shows  what  sometimes,  but  by  no  means 
always,  happens.  During  inspiration,  owing  to  the  dilatation  of  the  thorax, 
more  aLTtcrial  blood  is  retained  within  the  chest,  while  at  the  same  time  venous 
blood  is  sucked  into  the  right  auricle  by  the  aspiration  of  the  thorax ;  as  a  conse- 

3uence  of  this,  the  tension  In  the  arteries  during  inspiration  must  be  less.  The 
tminuiion  of  the  chest  during  expiration  favors  the  flow  in  the  arteries,  while 
It  tctards  the  flow  of  the  venous  blood  in  the  venae  cavae,  two  factors  which  raise 
the  tension  in  the  arterial  system.  The  difference  of  pressure  explains  the  differ- 
ence in  the  form  of  the  pulse  curve  obtained  during  inspiration  and  expiration,  as 
'1  Fig.  92  and  Fig.  S3, 1,  ill,  IV,  in  which  J  indicates  the  part  of  the  curve  which 
occurred  during  inspiration,  and  E  the  expiratory  portion.  The  following  are 
tHc  jioint*!  of  difference:  (i)  The  greater  distention  of  the  arteries  during  expi- 
ration causes  all  the  parts  of  the  curve  occurring  during  this  phase  to  be  higher; 
1 3)  the  line  of  the  ascent  is  lengthened  during  expiration,  because  the  expiratory 
thoracic  movement  helps  to  increase  the  force  of  the  expiratory  wave;  (3)  owing 
to  the  increase  of  the  pressure,  the  dicrotic  wave  must  be  less  during  expiration  ; 
(4)  lor  the  same  reason  the  elastic  elevations  are  more  distinct  and  occur  higher 
in  the  curve  near  its  apex.  The  frequency  of  the  pulse  is  slightly  greater 
<iaring  expiration  than  during  inspiration. 

2.  This  purely  mechanical  effect  of  the  respiratory  movements  is  modified  by 
the  smultaneous  stimulation  of  the  vasomotor  centre  which  accomiianies  these 


154 


INFLUENCE  OF   RESPIRATION   ON   THE   PULSE   CURVE. 


movements.  At  the  beginning  of  inspiration  the  blood  pressure  in  the  arteries  is 
lowest,  but  it  begins  to  rise  during  inspiration,  and  increases  until  the  end  of  the 
inspiratory  act,  reaching  its  maximum  at  the  beginning  of  expiration  ;  during  the 
remainder  of  the  expiration  the  blood  pressure  falls  until  it  reaches  its  lowest  level 
again  at  the  beginning  of  inspiration  (compare  §  85,/);  the  pulse  curves  are 
similarly  modified,  and  exhibit  the  signs  of  greater  or  less  tension  of  the  arteries 
corresponding  to  the  phases  of  the  respiratory  raovements.  [There  is,  as  it  were, 
a  displacement  of  the  blood-prcssurc  curve  relative  to  the  respiratory  curve.] 

Forced  Respiration. — With  regard  to  the  effect  produced  on  the  pulse  curve 
by  a  powerful  expiration  and  a  forced  inspiration,  observers  are  by  no  means  agreed. 

Valsalva's  Experiment. — Strong  expiratory  pressure  is  best  produced  by 
closing  the  mouth  and  nose,  and  then  making  a  great  expiratory  effort  (§  60) ;  at 
first  there  is  increase  of  blood  pressure,  while  the  form  of  the  pulse  waves  resem- 
bles that  which  occurs  in  ordinary  expiration,  the  dicrotic  wave  being  less  dcvcl-l 
oped  ;  but,  when  the  forced  pressure  is  long  continued,  the  pulse  curves  have  all.1 
the  signs  of  diminished  tension.  This  effect  is  due  to  the  action  of  the  vasomotor 
centre,  which  is  affected  reflexly  from  the  pulmonary  nerves.     We  must  assumei 
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that  forced  expiration,  such  as  occurs  in  Valsalva's  experiment,  acts  by  depressing 
the  activity  of  the  vasomotor  centre  (§  371,  II).  Coughing,  singing,  and 
declaiming  act  like  Valsalva's  experiment,  while  the  frequency  of  the  pulse  is 
increased  at  the  same  time.  After  the  cessation  of  Valsalva's  experiment,  the 
blood  pressure  rises  above  the  normal  state  {Sommerbrodf),  almost  as  much  as  it 
fell  below  it;  the  normal  condition  being  restored  within  a  few  minutes  {Len%' 
mann), 

MUller's  Experiment. — When  the  thorax  is  in  the  expiratory  phase,  close 
the  mouth  and  nose,  and  take  a  deep  inspiration  so  as  forcibly  to  expand  the  chest 
(§  60).  At  first  the  pulse  curves  have  the  characteristic  signs  of  diminished 
tension,  viz.,  a  higher  and  more  distinct  dicrotic  wavej  then  the  tension  can,  by- 
nervous  influences,  be  increased,  just  as  in  Fig.  93,  where  C  and  R  are  tracings 
taken  from  the  carotid  and  radial  arteries  respectively,  during  Miiller's  experiment, 
in  which  the  dicrotic  waves,  r,  r,  indicate  the  diminished  tension  in  the  vessels. 
In  Ci  and  R|,  taken  from  the  same  person  during  Valsalva's  experiment,  the 
opposite  condition  occurs. 

Compressed  Air. — On  expiring  into  a  vessel  resembling  a  s^Mfometer  (see  Respiration).  (Wa|. 
denliu^'s  respiraiion  apparsius),  and  filled  with  compressed  air,  the  tame  result  U  obtained  as  ia 
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ViJsalva's  experiment — the  bk>od  preuure  TaIIs  uid  the  pulse  beats  iocrcase ;  conversely,  the  intpi- 
ratten  from  this  apparalus  of  air  under  leu  preuure  aci&  like  Mtiller's  experimctil.  i'.  e.,  it  increases 
the  effect  of  the  inspiration,  anil  afterward  increases  ihc  blood  pressure,  which  may  either  remain 
increased  on  continuing  the  experiment,  or  may  fall  (Ltnsm'tntt). 

The  intpiratifiH  of  compre&s«d  .lir  diminishes  ihe  mean  blood  prcMure  {Zimfx),  and  the  after- 
effea  continues  for  some  time.  The  pulse  is  more  frequent  both  during  and  after  the  experiment. 
£xpiratioH  in  rarehed  air  increases  the  blood  pressure.  The  effects  which  depend  upon  the  iction 
of  the  nervous  system  do  not  occur  to  the  same  extent  in  all  cases.  Exposure  to  compressed  air  in 
a  pneumatic  cabinet  lowers  the  pulse  curve,  the  elastic  vibrations  become  indistinct,  and  the 
dicrotic  wave  diminishes  and  may  disappear  (v.  yivfftet).  The  heart's  beat  is  stowed  and  the 
blood  pressure  raised  {Bert).  Exposure  to  rarefied  aii  causes  the  opposite  resuh,  which  is  a  sign 
of  diminished  arterial  tension. 

Pulsus  Paradoxus. — Under  patholc^cat  conditions,  especially  when  there  is  Qnion  of  tbe 
heart  or  its  large  vessels  with  the  surrounding  ports,  the  pulse  during  inspiration  may  be  extremely 
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Fultua  pxndozu*  (a/kcr  AVitmub/).     E,  cxpinuioo  ;  J,  itupirsttoo. 

small  and  changed,  or  may  even  be  absent  (Mg.  94)-  This  condition  has  been  colled  pulsus 
paradoxus  {Griesinger,  A'ussmau/).  It  depends  upon  a  diminution  of  the  arterial  lumen  during 
the  intuiratory  movement.  Even  in  health,  it  is  possible  by  a  change  of  the  inspiratory  movement 
to  produce  the  p.  pjiradosus  (A'l/^v/,  Sammerbroiit). 

75.  INFLUENCE  OF  PRESSURE  ON  THE  PULSE  CURVE.— It  U  most  important 
lo  know  the  actual  pressure  which  is  applied  tu  an  artery  while  a  sphygmogram  is  being  taken. 
The  changes  affect  \\\c  Jorm  of  the  cun>'e  as  well  as  the  relation  of  individual  parts  thereof.  In 
Fig.  95,  (I,  h,  c,  d,  e  are  radial  curves;  a  was  taken  with  a  minimal  pressure,  0  with  lOO,  e  300, 
d  250,  and  e  450  grams  pressure,  while  A,  II,  C,  I)  show  the  relatlnai  as  lo  the  time  of  occur- 
rence of  the  individual  phenomena  where  the  weight  was  successively  increased.  The  study  of 
these  curves  yields  the  following  results:  fi)  When  the  weight  is  small,  the  dicrotic  wave  is 
relatively  less;  the  whole  curve  is  high i  (2)  with  a  moderate  weight  (too  to  200  grams)  the 

Fig.  95. 
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VarioHS  form*  m  curves  (radul)  obuin«d  by  paduolly  inovasinc  tbe  prcMUtc. 

dicrotic  wave  is  best  marked,  the  whole  curve  is  somewhat  lower;  (3)  on  increasing  the  weight  the 
ttse  of  the  dicrotic  wave  again  diminishes;  (4}  the  fine  elastic  vibrations  preceding  the  dicrotic 
wave  appear  fint  when  a  weight  of  330  to  300  grams  is  used ;  (5)  the  rapidity  of  the  pulse  changes 
srilh  increasing  weight,  the  time  occupied  by  the  ascent  becoming  shorter,  the  descent  becoming 
longer;  (6)  the  height  of  the  entire  curve  decreases  as  the  weight  increases.  In  every  sphygmo- 
gimm  the  pressure  under  which  it  was  oblAJned  ou^ht  always  to  be  staled.  In  Fig.  95,  A,  B  are 
corves  obtained  ftom  the  radial  artery  of  a  healthy  student  The  preasure  exerted  upon  the  anery 
for  A  wsi  100;  6,  >30  grm*.  (1  vibration  —  0.01613  kc). 


156 


VELOCITy   OK  THE   PULSE   WAVE    IN    MAN. 


If  prrtturt  be  exerted  upon  an  artery  for  a  long  timd,  tk*  UrtHgtk  of  the  puite  is  gradualiy 
incremeJ.  If.  Bfier  sabjectiog  an  aaery  to  considerable  pressure,  alighter  weight  be  used,  not 
UDfrec]uently  the  puUe  curve  aiisutnes  the  fonii  of  a  dicrotic  pulse,  owin(>  lo  the  greater  develop- 
meiil  of  the  dicrotic  elevation.  When  strong  pressure  \f-  ajipUed,  the  blood  is  forced  to  find  its 
way  through  collateral  channels.  When  the  chief  aricry  ccavs  lo  be  compressed,  the  COlml  aroi 
is,  of  coLir&e,  considerably  and  suddenly  enlarged,  which  results  in  the  protlaction  of  a  dicrotic 
elevation.  Ftg.  83,  .\,  is  such  a  dicrotic  curve  obtained  after  considerable  pressare  had  been 
applied  to  tlie  artery. 

76.  TRANSMISSION    OF    PULSE    WAVES.— The    pulse    ware 

proceeds  throughout  the  arterial  system  from  the  root  of  the  aorta,  so  that  the 
])ulse  is  felt  sooner  in  parts  lying  near  the  heart  than  in  the  peripheral  arteries. 
E.  H.  Weber  calculated  the  velocity  of  the  pulse  wave  as  9.240  metres 
[283^  feet]  per  second,  from  the  difference  in  time  between  the  pulse  in  the 
external  maxillary  artery  and  the  dorsal  artery  of  the  foot.  Czermak  showed 
that  the  elasticity  was  not  equal  in  all  the  arteries,  so  that  the  velocity  of  the 
pulse  wave  cannot  be  the  same  in  all.  The  pulse  wave  is  propagated  more 
slowly  in  the  arteries  with  soft  extensile  walls  than  in  arteries  with  resistant  and 
thick  walls,  so  that  it  is  transmitted  more  rapidly  in  the  arteries  of  the  lower 
extremities  than  in  those  of  the  upper.     It  is  still  slower  in  children. 

77.  PULSE  WAVE  IN  ELASTIC  TUBES.— Waves  similar  to  the  pulse  maybe  pro- 
ducetl  in  elastic  tubes,  (i)  According'  lo  K.  H.  Weber  the  velocity  of  {iropagalion  of  the  waves  b 
11.205  metres  per  sec;  according  to  Donders,  II-13  metres  {34-42  feel).  (2)  .-Vccording  to  E. 
II.  Wel>cr  increased  internal  tension  causes  only  an  inconsiderable  decrease;  Rive  found  a  great 
decrease;  Dnnden  found  no  obvious  difference;  while  Marey  found  an  increased  velocity.  (3) 
Donders  found  the  velocity  to  tie  the  same  in  tubes  2  mm.  iii  diameter  as  in  wider  tubes,  tmt 
Marey  believes  llrnt  the  velocity  varies  when  the  diameter  of  the  luL>c  changes.  (4)  The  velocity 
is  leis,  the  sma:ller  the  elastic  coefficient.  (<;)  The  velocity  increases  with  increased  thickncsa  of 
the  wall,  while  it  diminUhc&  when  the  sjiecific  gravity  of  the  fluid  increases. 

Moens  has  recently  formulated  the  following  laws  as  to  the  velocity  of  propagation  of  waves  in 
elastic  lubes:  (1)  It  ia  mvcr^cly  proportion)!  to  the  square  root  of  the  specific  gnviiy  of  the 
fluid;  (z)  it  is  as  the  square  mot  of  the  thickness  of  the  wall,  the  lateral  pressure  being  the 
same ;  (3)  it  is  inversely  as  the  square  root  of  the  diameter  of  the  tube,  the  lateral  pressure  being 
the  same;  (4)  it  tt  as  the  stjuarc  root  of  the  elastic  coefficient  of  the  wall  of  the  tube,  the  Uteral 
pressure  being  the  same  (  Valentin). 

(A)  The  vch)city  of  the  wave  is  1 1-809  metres  per  second. 

(Bj  The  intra-vasoilar  prtssHre  has  a  decided  influence  on  the  velocity:  thus,  in  the  tube,  A, 
with  iS  cm.  (Ilg.)  pressure,  the  velocity  per  metre  ^D.093  second,  while  with  31  cm.  pressure 
^Hg.J  =  0.095  second  per  metre. 

(C)  The  specifi<  gravity  of  the  liquid  iniluences  the  velocity  of  the  pulse  wave.  In  mercury 
the  wave  is  propagated  four  times  more  slowly  than  in  water. 

(D)  The  velocity  in  a  tube  which  is  more  rigid  and  not  »o  extcntile  is  greater  tban  in  a  tube 
which  is  easily  dihtended. 

78.  VELOCITY  OF  THE  PULSE  WAVE  TN  MAN.— Undois  obtained  the  follow, 
ing  results  in  a  student:  difference  between  carotid  atid  radial  ^=0.074  tecond  (the  distance 
being  taken  as  62  centimetres) ;  carotid  and  femoral  =^  0.06S  feecond ;  femoral  (inguinal  region)  and 
]iosterior  tibial  =  0.097  second  (distance  estimated  at  9I  centimetres).  [Waller  obtained  between 
the  heart  and  carotid  o.io  second ;  heart  and  femoral,  0.18  sec. ;  heart  and  dorsalis  pedis,  0.22.] 

The  velocity  of  the  pulse  wave  in  the  arteries  of  the  upper  extremities 
==  8.43  metres  per  second,  and  in  those  of  the  lower  extremity  9.40  metres  per 
second,  [/'.<•.,  about  ,^0  feet  per  second].  The  velocity  is  greater  in  the  less 
extensile  arteries  of  the  lower  extremities  than  in  those  of  the  upper  limb.  For 
the  same  reason  it  is  less  in  the  peripheral  arteries  and  in  the  yielding  arteries  of 
children  {Czermak). 

K.  H.  Wel>cT  estimated  the  velocity  at  9.24  metres  per  second;  Garrod,  9*10.8  metres;  Grufaey* 
8.5  metres;  Mocns,  8.3  metres,  and  with  diminished  pressure  during  Valsalva's  expctimeot  7.3 
metres  (|  60,  \  74). 

Influencing  Conditions. — In  animals,  hemorrhage,  slowing  of  the  heart  pro<lBced  fay  stimnla* 
lion  of  the  vagos  [Moem),  section  of  the  spinal  cord,  deep  mnq>hia  narcosis,  and  dilatation  of  the 
blood  Tcv^ls  by  heat,  prodnce  jiowing  of  the  velocity,  while  stimulation  of  the  spuial  cord  acceierattt 
it  {Grunrntttk). 
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The  wave  length  of  the  pulse  wave  is  obtained  by  multiplying  the  dura- 
lion  of  ihe  inflow  of  blood  into  the  aorta  =  0.08  to  0.09  second  (§  51),  by  the 
Telocity  of  the  pulse  wave. 

Method.— Flue  tlic  knobs  of  two  tambours  (Fig.  76)  upon  the  two  irteries  to  be  iriTestigated, 

l^ttce  one  over  the  apex  beat  and  llie  other  upon  «n  ariery,     'I'hese  receiving  tambourri  are 

miected  with  iwo  registering  laml»curs,  as  in  Brondgeest'is  pansphyginograph  (^  G7.  Fig.  76),  so 

at  their  writing  levers  are  directly  over  each  other,  and  so  arranged  as  to  write  simullaoeousiy  on 

me  vibrating  plate  attached  to  a  tuning-fork.     [Or  they  may  be  made  to  write  upon  a  revolving 

^cylinder,  whose  rale  of  nriovcment  i»  ascertained  by  causing  a  tuning-fork  of  a  known  rate  of  vibra- 

tioD  to  write  under  them.]     The  apparatus  is  improved  by  using  rigid  tubes  and  filling  them  with 

w0er.  in  which  all  impulses  are  rapidly  communicated.     '"    "^  '^  "'^  '         "'  *■ 

Fig.  96. 


In  arteries  which  are  dbtant  from  each 


A,  carve  of  radial  artery  on  a  vibraiing  '•uHuce  ^i  vib.  —  o.oi<ir3  lec.) ;  f.apcx  &f  curve  ;  e,t,  elAtiic  vilimlionE;  R, 
dicrotic  *Ave.     U,  curve  of  kame  radial  ulten  along  with  the  lie^rt  Imil ;  c,  H,  P,  CgUtraction  iif  the  vciitrida. 

Aber,  or  in  the  case  of  the  heart  and  an  artery,  the  two  knobs  of  ihe  receiving  tambours  may  be 
Connected  by  means  of  a  Y'tube  with  ont  writing  lever.     In  Fig  96,  B  is  a  curve  from  the  radial 
artery  taken  in  thU  way.     In  it  Z'  II  P  indicates  contraction  of  the  ventricle;    H,  the  apex  of  the 
ventricular  contraction  ;  P,  the  primary  apex  of  the  radial  curve;  v,  the  beginning  of  the  ventricular 
contraction;  /,  of  the  radial  pulse.     A  is  the  curve  of  the  radial  aner>'  alone.     From  these  curves 
it  is  evident  that  in  this  in&tance    nine   vibrations  occur  between   the   beginning  of  the  ventricular 
contraction  and  the  beginning  of  the  pulse  in  the  radial  artery  —  0.15  sec. 
In  Ftg.  97  the  ditTercnce  between  the  carotid  and  the  posterior  tibial  pulse  ==  0.137  sec. 
PatbologicAl. — In  cases  of  Jiminiiktd  exUmihiiity  of  the  arteries,  e.  g.,  in  atheroma  (J  77,  D), 
Uk  pulse  wave  is  propagated  more  rapidly.     Local  dilatations  of  the  arteries,  as  in  aneurisms, 
came  a  retardation  of  the  wave,  and  a  similar  result  ari.«cs  from  local  constrictions.     Kelaxalion  of 
the  wiU»  ol  the  vessels  in  high  fever  retards  the  movement  {Uttmemii). 

Fig.  97. 
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Carmol  the  tarMiJ  antl  p»«tirrtur  iilnrfl  uikcii  »li)iulianeoiuily  wiiS  Itroiidgecti's  p.>ii<-pliygmi>i;nt|ih  whiing  upon  a 
fiktalliif  pbtm  attachcil  u  a  lunlng-rork,     Tha  ftrrow*  indicite  the  Identicul  msraeiiiciriime  in  each  airv«. 

79.  OTHER  PULSATILE  PHENOMENA.— i.  In  the  mouih  and  nose,  when  they 

utbUcdwith  air,  and  the  glottic  closed,  puUatile  phenomena  {liue  to  the  arteries  in  their  soft 
psitij  may  be  found  communicating  a  movement  to  the  conlained  sir.  The  curves  obtained  are 
Klitnelj  small,  and  closely  resemble  the  curve  of  the  carotid.  A  similar  pulse  is  obtained  in  the 
tjn&panum  with  intact  mcmbrana  tympani,  and  when  the  soft  parts  of  the  tympanum  arc  congested 

(Sthecrfu,  Tri>lfick\. 
1.  Eatoptic*]  Pulse. — .^fler  violent  exercise,  an  illumination,  corresponding  to  each  pulse  beat, 

Ktin  00  a  dark  optical  field.      When  the  optical  field  is   bright,  an   analogou.'^  darkening  occurs. 

Tbcofibthalmoscope  occasionally  reveals  pulsation  of  the  retinal  arteries   (yj^f**/-),  which  becomes 

■urVed  ia  insufliciency  of  the  aortic  valves. 
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3.  Pulsatile  Muscular  Contraction. — The  ortint/aru  palp^hrarum  muscle  contracts  under 
rimiltr  conditiuns  synchrunously  with  th«  pul&e;  and  ll  is  perhaps  due  lo  the  pulse  beat  exciting 
the  sensory  nerves  reBexly.  The  Urothent  Weber  found  that  not  u  11  frequently,  while  walking,  the 
step  antl  pulse  gradually  and  involuntarily  coincide. 

4.  When  ihe  tegs  are  crossed  as  one  siis  in  a  chair,  the  leg  which  is  supported  is  rmtsed  with  each 
pulse  beat,  and  it  gives  also  a  second  or  dicrotic  elevation. 

5.  If,  while  a  person  is  quite  quiet,  the  incisor  teeth  of  the  lower  jaw  be  made  jost  to  touch  the 
upper  incisors  very  lightly,  we  detect  a  double  beat  of  the  lower  against  the  upper  teeth,  owing  to 
the  pulse  beat  in  the  external  maxillary  artery  raising  the  lower  jaw.  The  second  elevation  is  doc  (0 
the  closure  of  (he  .semilunar  valve<i.  and  not  10  a  <licrolic  wave. 

6.  Brain  and  Fontanelles. — The  larj^e  arteries  at  the  hf.sc  of  the  brtiin  communicate  a 
ment  to  it,  while  similar  movements  occur  witli  respiration — rising  during  CKpiratioo  and 
during  ins]>iratlon.     These  movements  are  visible  in  the  fi/Ntaneltn  of  infants.     The  respirati 
movements  de[>end  upon  variations  in  the  amount  of  blood  in  the  veins  of  the  cranioi  cavity, 
also  upon  the  respiratory  variations  of  the  blood  pressure. 

7.  Amoni;  pathological  phenomena  are  ya)  the  beating  in  the  epigaslriam,  /.  .f..  in  the  hy 
trophy  of  the  right  or  left  ventricle,  ciused,  it  may  lie,  by  deep  insertion  of  the  diaphragm,  and 
may  be,  partly,  by  the  beating  of  a  dilated  abdominal  aorta  or  cfcliac  axis. 

(A)  Aneuriams  or  abnormal  dilalations  of  the  arteries  cause  an  abaormal  patMtton»  while  t 


and] 


Fig.  98. 
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I,  El»*lic  «upnoTt  forrejUurinff  the  molar  tnoiiorM  of  thr  hody— K,  woodcnjbox  ;  E,  reel  of  patlient ;  /,  c»rdio«i»pK  : 
a  /,cUuuc  tubing.  1[.  Vlbnttion  curves  of  a  healthy  person.  111.  Cum  abtaiBedfn>m>|Mttlcid«rith  TiuuA- 
cicocy  of  the  aortic  ralvet  and  great  hnwrirophy  of  the  heart. 

produce  a  slowing  in  iht  i^eloriiy  of  iht puUe  waff  in  the  corresponding  artery.  Hence  the  pulse 
appears  later  in  such  an  artery  than  in  the  anery  on  the  healthy  side.  Hypfrtr^phy  ttnj  dilaiation 
tifthe  lefi  vmiricle  cause  the  arteries  near  the  heart  to  pulsate  strongly.  In  llw  analogous  condition 
of  the  right  ventricle,  the  beat  of  the  pulmonary  artery  may  be  seen  and  felt  in  the  second  lefl  inter- 
costal s|)ace. 

80.  VIBRATIONS  OF  THE  BODY  DUE  TO  THE  HEART— The  beating  of  the 
heart  and  targe  arteries  communicates  vibrations  to  the  body  as  a  whole ;  the  vibration  t>eing  not 
simple  but  compound.  Cordon  was  the  first  to  re[>resent  this  pulsatory  vibration  graphically.  If  a 
person  be  placed  in  an  erect  attitude  in  the  scale-pan  of  a  large  iMlancc,  the  indea  oscillates,  and  its 
movements  coincide  with  the  heart's  movements. 

Method.— Take  a  long  four-sided  t>ox,  K,  open  at  the  top,  and  arrange  several  coils,  a,  A  o( 
stout  caoutchouc  tubing  round  one  end  (Kig.  98).  A  wooden  board,  B,  is  so  placed  that  it  rests 
with  one  end  on  the  caoutchouc  tubing,  and  with  the  other  on  the  narrow  end  of  the  box.  The 
person  to  be  experimented  upon,  A,  stands  vertically  and  firmly  on  this  board.  A  receiving  tarn- 
tMur,  /»,  is  placed  agaiiut  the  surface  of  the  board  next  the  clastic  tube,  which  rqpsters  the  vibrations 
of"  tlie  foot  support.  Fig.  Ill  is  a  curve  showing  such  vibrations,  each  heart  beat  being  followed  tn 
this  case  by  four  oscillations.  To  ascertain  thi;  relations  and  causes  of  these  vibrations, it  is  necesaary 
to  obtain,  simultaneously,  a  tracing  of  the  heart  and  the  vibratory  carve.     For  this  purpose  use  the 
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two  Umboun  of  Brondgeeat's  pansphyi^mograph  ({  67,  y6\,  pUcing  one  knob  or  pad  over  the  heart 
and  the  other  on  the  foot  suppoit,  and  allow  the  writing  tamboun  to  inKribe  their  vibrations  on  a 
glut  pUte  atlached  lo  a  tuning-fork. 

In  the  Uwrr  or  furJiuc  imf>Hht  (urtft  (Kig.  99),  the  mpidly  rising  part  is  due  to  the  ventricular 
•j-stole.  It  contains  eight  vibrationl(  I  vib.  ^0.01613  sec).  Tlie  beginning  of  the  ventricular  systole 
is  indicated  in  tl>e  figure  by  -36,  -3,  -17. 

If  the  corresponding  numbers  in  the  upper  or  xnbratory  turvi  are  studied,  il  is  ubviousthat  al  the 
imomtHt  of  -Dentriiular  systole  the  bt^y  makes  a  doumtoarj  vibration,  i.  e.,  it  exercises  greater  pres- 
sure upon  the  foot  suppurt.  Gordon  interprets  bis  curve  as  giving  exactly  ibe  opposite  result.  Tliis 
downward  motion,  however,  lasted  only  during  five  vibrations  of  the  tnning-forK;  during  the  last 
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ItK  up|>v(  luuvc  U  tht  vUmiio*  curve  of  ji  Itcitlihj' penon,  uid  lbs  lowcf  aat  a  tnKum  oi  iht^pex  iteat. 


three  vibrations,  corresponding  lo  the  systole,  there  is  an  ascent  of  the  body  corresponding  to  a  leu 
prcMare  u)K)n  the  foot  plate.  When  the  ventricle  empties  itself,  it  undergoes  a  moremenl  in  a 
downward  and  outward  direction — Guibrodt's  '*  reaction  impulse." 

In  the  »/>/fr  nvnv  analogous  numbers  are  employed  to  indicate  the  vibrations  occurring  liinuU' 
uneously.  vir,, -zS, -II,  -lo.     The  closure  of  the  semilunar  valves  is  well  marked  in  the  three 
heart  beats  at  20,  -20.     This  closure  is  indicated  in  analogous  [oints  in  both  curves,  after  which 
iherr  is  a  descent  of  the  foot  support,  and  this   corresponds   to  the  downward   propagation   of  the 
pulse  wave  through  the  aorta  to  the  vessels  of  the  feet. 

Pathological. — In  insufficiency  of  the  nortic  valves,  as  shown  in  Fig,  9S,  III,  the  vibration  com- 
monicated  to  the  body  is  very  considerable. 

81.  THE  BLOOD  CURRENT.— Cause— The  closed  and  much- 
branched  vascular  system,  whose  walls  are  endowed  with  elasticity  and  contrac- 
tility,  is  not  only  completely  filled  with  blood,  but  it  is  over-Slled.  The  total 
volume  of  the  blood  is  somewhat  greater  than  the  capacity  of  the  entire  vascular 
system.  Hence  it  follows  that  the  mass  of  blood  must  exert  pressure  on  the 
walls  of  the  entire  system,  thus  causing  a  corresponding  dilatation  uf  the  elastic 
vascular  walls  (^/-wMw^r).  This  occurs  during  life  ;  after  death  the  muscles  of  the 
vessels  relax,  and  fluid  passes  into  the  tissues,  so  that  the  blood  vessels  come  to 
contain  less  fluid,  and  some  of  them  may  be  empty. 

If  the  blood  were  uniformly  distributed  throughout  the  vascular  system  and 
under  the  same  pressure,  it  would  remain  in  a  position  of  equilibrium  (as  after 
death).  If,  however,  the  pressure  be  raised  in  one  section  of  the  tube,  the  blood 
will  move  from  the  part  where  the  pressure  is  higher  to  where  it  is  lower  ;  so  that 
the  blood  current  is  a  result  of  the  difference  of  pressure  within  the 
vascular  system.  If  either  the  aorta  or  the  venae  cavae  be  suddenly  ligatured  in 
a  living  animal,  the  blood  continues  to  flow,  but  gradually  more  slowly,  until  the 
difference  of  pressure  is  equalized  throughout  the  entire  vascular  system. 

The  velocity  of  the  current  will  be  greater  the  greater  the  difference  of  pres- 
sure, and  the  less  the  resistance  opposed  to  the  blood  stream. 

The  difference  of  pressure  which  causes  the  current  is  produced  by 
the  heart.  Both  in  ttie  systemic  and  pulmonary  circulation  the  point  of  greatest 
pressure  is  in  the  root  or  beginning  of  the  arterial  system,  while  the  point  of 
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lowest  pressure  is  in  the  terminal  portion  of  the  venous  orifices  at  the  heart.  Hence 
the  blood  flows  continually  from  thearterics  through  the  capillaries  into  the  venous 
trunks.  The  heart  keeps  up  the  difference  of  pressure  required  to  produce  this 
result;  with  each  systole  of  the  ventricles  a  certain  quantity  of  blood  is  forced 
into  the  beginning  of  the  arteries,  while  at  the  same  time  an  equal  amount  flows 
from  the  venous  orifices  into  the  auricles  during  their  diastole  (£".  H.   Weber). 

Donders  showed  that  the  action  of  the  heart  not  only  causes  the  difference  of 
pressure  necessary  to  establish  a  blood  current,  but  also  raises  the  mean  pres- 
sure within  the  vascular  system.  The  terminations  of  the  veins  at  the  heart  are 
wider  and  more  extensible  than  the  arteries  where  they  arise  from  the  heart  (Fig. 
133).  As  the  heart  propels  a  volume  of  blood  into  the  arteries  equal  to  that 
which  it  receives  from  tlie  veins,  it  follows  that  the  arterial  pressure  must  rise 
more  rapidly  than  the  venous  pressure  diminishes,  since  the  arteries  are  not  so 
wide  nor  so  extensible  as  the  vems.     Thus  the  total  pressure  must  also  increase. 

Cause  of  Continuous  Flow. — The  volume  of  blood  expelled  from  the  ven- 
tricles at  every  systole  would  give  rise  to  ^  Jerky  or  intermittent  movement  of  the 
blood  stream  (i)  if  the  tubes  had  rigid  walls,  as  in  such  tubes  any  pressure  ex- 
erted upon  their  contents  is  propagated  momentarily  throughout  the  length  of  the 
tube,  and  the  motion  of  the  fluid  ceases  when  the  propelling  force  ceases  j  (i) 
the  flow  would  also  be  intermittent  in  character  in  clastic  tubes  if  the  time  between 
two  successive  systoles  were  longer  than  the  duration  of  the  current  necessary  for 
the  compensation  of  the  difference  of  pressure  caused  by  the  systole.  If  the  time 
between  two  successive  systoles  be  shorter  than  the  time  necessary  to  equilibrate 
the  pressure,  the  current  will  become  continuous,  provided  the  resistance  at  the 
periphery  of  the  tube  be  sufficiently  great  to  bring  the  elasticity  of  the  tube 
into  action.  The  more  rapidly  systole  follows  systole,  the  greater  the  difference 
of  pressure  becomes,  and  the  more  distended  the  clastic  walls.  Although  the 
current  thus  produced  is  continuous,  a  sudden  rise  of  pressure  is  caused  by  the 
forcing  in  of  a  mass  of  blood  at  every  systole,  so  that  with  every  systole  there  is  a 
sudden  jerk  and  acceleration  of  the  blood  stream  corresponding  to  the  pulse  (com- 
pare ^  64). 

The  sudden  jerk-like  acceleration  of  the  blood  current  is  propagated  throughout 
the  arterial  system  with  the  velocity  of  the  pulse  wave  ;  both  phenomena  are  due 
to  the  same  fundamental  cause.  Every  pulse  beat  causes  a  temporary  rapid  pro- 
gressive acceleration  of  the  particles  of  the  fluid.  But  just  as  the  fonn  movement 
of  the  pulse  is  not  a  simple  movement,  neither  is  the  pulsatile  acceleration  a 
simple  acceleration.  U  follows  the  course  of  the  development  of  the  pulse  wave. 
The  pulse  curve  is  the  graphic  representation  of  the  pulsatory  acceleration  of  the 
blood  stream.  Every  rise  in  the  curve  corresponds  to  an  acceleration,  every 
depression  to  a  retardation  of  the  current, 

[Method:  Rif^d  and  Elastic  Tubes. — These  facts  are  easily  demonstraled.  Tie  a  Ht^'m- 
son's  syringe  to  a  piece  of  nn  ur<3inary  gns  pipe.  On  forcioi;  water  through  the  tube,  by  comprrfts- 
ing  the  elastic  pump,  ihe  wnier  will  tlow  out  at  the  other  end  of  the  tul>e  in  jets,  while  during  the 
inlenrals  of  pulsation  no  water  will  flow  out.  As  the  walls  of  the  tube  are  rigid,  just  as  much  fluid 
flows  out  as  in  forced  into  the  tube.  If  a  similar  arrangement  be  made,  and  a  long  elastic  tube  be 
used,  a  continuous  outflow  Is  obtained,  provided  the  pultuilions  occur  with  sutficienl  rapidity  and 
the  length  of  ilie  lube,  or  the  resistance  at  its  periphery,  be  sutlicient  to  bring  the  elasticity  of  the 
tube  into  action,  'lliis  can  be  done  by  pulling  a  narrow  cannula  in  the  outHow  end  of  the  tube,  or 
by  placing  a  clamp  on  it  so  as  to  diminiHh  the  exit  aperture.  This  apparatus  converts  the  intermit* 
lent  60W  inio  a  continuous  current.]  The  fue-enginc  is  a  good  example  of  the  conversion  of  an 
iolermittent  tnJiow  into  a  uniform  outflow.  The  air  in  the  reservoir  is  in  a  state  of  elastic  tension, 
and  it  represents  the  elasticity  of  the  vascular  walls.  When  the  pump  is  worked  slowly,  the  out- 
flow of  the  water  occura  in  jets,  and  is  interrupted.  If  the  pumping  movement  )>e  sufficiently  rapid, 
the  compressed  air  in  the  Teservoir  causes  a  continuous  outllov,  which  is  distinctly  accelerated  ai 
every  movement  of  the  pump,     [The  ordinary  spray-producer  is  another  good  example.] 

[Thu&,  there  are  two  factors — a  central  one,  the  heart, — and  a  peripheral 
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one,  the  amount  of  resistance  in  the  arterioles.     Either  or  both  may  be  varied, 
and  as  this  is  done,  so  will  ihe  pressure  and  velocity  vary.] 

Current  in  the  Capillaries. — In  the  capii/arus  the  pulsatile  acceleration  of 
ihc  current  ceases  with  the  extinction  of  the  pulse  wave.  The  great  resistance 
which  is  offered  to  the  current  toward  the  capillary  area  causes  both  to  disappear. 
It  is  only  when  the  capillaries  arc  greatly  dilated,  and  when  the  arterial  blood  pres- 
sure is  hi^b,  that  the  pulse  is  propagated  through  the  capillaries  into  the  beginning 
of  the  veins.  A  venous  pulse  is  observed  in  the  veins  of  the  sub-maxillary  gland 
after  stimulation  of  the  chorda  tympani  nerve,  which  contains  the  vaso*dilator 
nerves  for  the  blood  vessels  of  this  gland.  If  the  finger  be  constricted  with  an 
elastic  band^  so  as  to  hinder  the  return  of  the  venous  blood,  and  to  increase  the 
arterial  blood  pressure,  while  at  the  same  time  dilating  the  capillaries,  an  inter- 
mittent increased  redness  occurs,  which  corresponds  with  the  well-known  throb- 
bing sensation  in  the  swollen  finger.  This  is  due  to  the  capillary  pulse.  [Roy 
and  Graham  Brown  found  that  pulsatile  phenomena  were  produced  in  the  capil- 
laries by  increasing  the  extra-vascular  pressure  (§  &6).  Quincke  called  attention 
to  the  capillary  pulse,  which  can  often  be  seen  under  the  fingernails.  Extend 
the  fingers  completely,  when  a  whitish  area  appears  under  the  nails.  A  red  area 
near  the  free  margin  of  the  nail  advances  and  retires  with  each  pulse  beat.  It  is 
well  marked  in  sonic  diseased  conditions  of  the  heart,  especially  in  incompetence 
of  the  aortic  valves,  and  is  probably  produced  by  increased  extra-vascular  pres- 
sure.] 

»*.  SCHEMATA  OF  THE  CIRCULATION.— K.  U.  Weber  constructed  a  scheme  of 
the  circuUiion.  h  consisted  of  n  force  putnp  wiili  properly  arranged  valves  to  represent  the  heart, 
poTltona  o(  ^ut  fur  the  arteries  and  veins,  and  a  piece  of  glass  tubing  cunlaining  a  piece  of  siionge 
to  represent  the  capillaries.  Various  schemes  have  been  invented,  including  the  very  comphcated 
one  of  Marc;  [the  extremely  ingeaious  one  of  v.  Thanboffer,  and  the  t]ioroughly  practical  one  of 
ftaiherford]. 

83.  CAPACITY  OF  THE  VENTRICLES.—Since  the  right  and  left 
ventricles  contract  simultaneously,  and  just  the  same  volume  of  blood  passes 
through  the  pulmonary  as  through  the  systemic  circulation,  it  follows  that  the 
right  ventricle  must  be  just  as  capacious  as  the  left.  The  capacity  of  the  ventri- 
cles has  been  estimated  in  the  following  ways :  — 

Mctfaods, — (1)  Directly,  by  filling  the  aVufi' relaxed  ventricle  with  blood  or  an  injection  mass. 
This  method  is  unsatisfaaory  and  inacctiraie. 

(2)  Indirectly.  Volkniann  (1850)  estimated  it  thus:  Estimate  the  sectional  area  of  the  aorta, 
and  ihe  velocity  of  the  blood  stream  in  it  [\  I).  From  this  calculate  the  amount  of  blood  passing 
Cfarou|£h  the  aorta  in  the  unit  of  time.  As  the  total  quantity  of  blood  in  the  body  is  known  (^  tV 
of  the  txxly  weight),  we  can  easily  calculate  how  long  this  takes  to  flow  through  the  aorta.  We 
nnsl  also  know  the  numl>er  of  tieats  during  the  time  of  the  circulation,  rrom  ihcse  data,  and 
fri>CB  ex[)eriments  on  animals,  Volkmann  cMimatcd  the  volume  of  blood  discharged  at  each  systole 
hj  ihe  ventricle  to  be  ^g  of  the  body  weight.  For  a  man  weigliing  75  kilu«.  this  is  1S7.5  grams. 
This  estimate  still  leaves  much  to  be  desired. 

Place  calculalcs  it  in  the  following  manner :  A  man  uses  about  500  litres  of  O  in  24  hours.  To 
abaortj  this  into  the  venous  blood  (which  contains  about  7  vols,  per  cent,  less  O  than  arterial),  about 
7000  litres  of  blood  must  pass  through  the  tungs  in  24  hours.  If  one  calculates  100,000  heart 
beau  in  24  hours,  then  at  each  systole  only  70  cubic  centimetres  arc  discharged. 

S4.  ESTIMATION  OF  THE  BLOOD  PRESSURE.— (A)  In  Animals :  (i)  Methods 
•f  Hales. — The  Rev,  Stephen  Hales  (1737)  was  the  first  to  introduce  a  long  glass  tube  into  a  blood 
nuel  in  order  to  estimate  the  blood  pressure  hy  meaiuring  the  height  of  ihc  column  of  blood. 

The  tatie  was  provided  at  its  lower  end  with  a  capper  tube  bent  at  a  right  angle  ( Pi  tot's  tube). 
IThc  lobe  be  used  was  one-sixth  of  an  inch  bore  and  about  9  feet  long,  and  was  inserted  into  the 
■ttotal  artery  of  a  horse.  The  height  to  which  the  blood  rose  in  the  tube  was  noted,  as  well  as  the 
oacUlaiioni  thai  occurred  with  every  pulsation.  From  Ihe  height  of  the  column  of  J^uid  he  catcn- 
)Hcd  the  force  of  the  heart.] 

(2)  The  Haemadynamometcr  of  Poiseuille  (1828). — This  observer  used  a   U-fthape<l  lube 

Ipmtially  filled  with  mercury— a  manometer— which  was  brought  into  connection  with  a  blood 
wm)  by  meaos  of  a  ri^d  tube.     [The  mercury  oscillated  with  everv  pulsation,  and  the  extent  of 
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cylinder  to  rotate  at  diffarent  ralc».  The  cylinder  it- 
telf  oin  be  mised  by  the  handle,  I/.  0(i  the  left  lide  uf 
lh«  ri|[ur«  I*  »  Riercuri*]  nunomctcr.  When  the  cylin- 
der U  ttKd,  it  11  Eovcrcd  with  kmoked  smooth  paper. 


(4)  C.  Ludwig's  Kymograph. — 
C.  Ludwig  employed  a  U-shaped 
maoometer^  but  he  placed  a  light  float 
(Fig.  joo,  i/f  s)  upon  the  surface  of  the 
mercury  in  the  open  Itrab  of  the  tube. 
A  writing  style,/,  placed  transversely 
on  the  free  end  of  the  float,  inscribed 
the  movements  of  the  float — and,  there- 
fore, of  the  mercury — upon  a  cylinder, 
c,  caused  to  revolve  at  a  uniform  rale. 
This  apparatus  registered  the  height  of 
the  blood  pressure,  as  well  as  the  pulsa^ 
tile  and  other  oscillations  occurring  in 
the  mercury.  Votkmann  called  this 
instrument  a  kymograph  or  *•  wave 
writer."  The  difference  of  the  height 
of  the  column  of  mercury,  £y  ^/,  in  both 
limbs  of  the  tube  indicates  the  pressure 
within  the  vessel.  If  the  height  of  the 
column  of  mercury  be  multiplied  by 
13.5,  this  gives  the  height  of  the  cor- 
responding column  of  blood.  Setsche- 
now  placed  a  stop-cock  in  the  lower 
bend,  h^  of  the  tube.  If  this  be  closed 
so  as  just  to  permit  a  small  aperture  of 
communication  to  remain,  the  pulsatile 
vibrations  no  longer  appear,  and  the 
apparatus  indicates  the  mean  pressure. 
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By  ihc  term  mean  pressure  is  meant  the  limit  of  pressure,  above  and  below  which 
the  oscillations  occurring  in  an  ordinary  blood-pressure  tracing  range.     [Briefly, 
■  it  is  the  average  elevation  of  the  mercurial  column.] 

I  Id  a  blood  •pressure  tracing,  such  as  Rg.  102,  each  of  the  smaller  waves  corresponds  to  « 
heart  beat,  the  asceot  corresponds  to  the  systole  and  ihe  descent  to  the  diastole.  The  large 
undulations  ^e  due  to  the  respiratory  movements.  It  is  clear  that  ihe  heart  beat  is  expressed 
as  a  (imple  riinnd  fall  {Fig.  to2],  so  that  the  curve  of  the  heart  beat  obtained  with  a  mercurial 
LjrTnograph  differs  from  a  sphygtuographic  curve. 

Faults  of  a  Mercurial  Manometer. — A  perfect  recording  instrument  ought  (u  indicate  tlie 
height  of  the  blood  pressure,  and  also  the  size,  form,  and  duration  of  any  wave  motion  communicated 
10  it.  The  mercurial  manometer  docs  not  give  the  true  fonn  of  the  pulse  wave,  as  ihe  mercury, 
vhco  once  set  in  motion,  executes  vibrations  of  its  own,  owing  to  its  great  inertia,  and  thus  the  finer 
HHnrements  of  the  pulse  wave  are  IokL  Hence  a  mercurial  kymograph  is  used  for  registering  the 
Uood  pressure,  and  not  for  obtaining  the  txact  form  of  the  pulse  wave.  Instruments  with  less 
loertia,  and  with  no  vibrations  peculiar  to  themselves,  are  required  for  this  purpose. 


Fig.  102. 


i;tuu40 


^— ^ 


BBHt.pKMim  curvv  of  the  ciroild  of  x  dag  attained  with  a  mercurial  manofnctcr.  i^-x  ^  line  of  no  nrcuure, 
■fO  line,  0r  abicteka :  y-f  i>  ihc  bloi>d-prrs*iire  ir^cini;  wlih  imall  wa««.  cAch  one  catued  bjr  (t  heart  C>cat.  ind 
tM  hfge  WMi  due  to  ibc  respiration.    A  millimetre  *cala  shows  the  height  of  (he  preuure  in  millimetre*  of 


[Method. — Expose  the  carotid  of  a  chlorali/ed  rabbit,  and  isolate  a  portion  of  the  vessel  between 
l«o  ligatures,  or  two  spring  damps.  With  a  pair  of  sci&sors  make  an  oblique  slit  in  the  artery,  and 
■10  it  tie  a  straight  glass  cannula,  directing  the  pointed  end  of  the  cannula  toward  the  heart.  ~  Fill 
ibc  cannula  wiih  a  saturated  solution  of  sodium  carbonate,  taking  care  that  no  air  bubbles  enter, 
wd  conaect  it  with  the  lead  tube  which  goes  to  the  aweniling  limb  of  the  manometer.  The  tube 
which  connects  ihe  artery  with  the  manometer  must  l>e  flexible  and  yet  inelaiiic,  and  a  lead  tube  is 
bai  It  ii  usual  to  connect  a  pressure  bottle,  containing  a  saturated  solution  of  sodium  carbonate, 
bf  Bcanaof  an  elastic  tube,  with  the  tube  attached  to  the  manometer.  This  bolilc  can  be  raised  or 
It^wered.  Before  beginning  Ihe  experiment,  raise  the  pressure  bottle  until  there  is  a  pcsifnx 
pramte  of  mercury  in  the  manometer  about  eqnal  to  the  estimated  blood  pressure,  and  then  clamji 
tbt  inbe  of  the  pressxuc  battle  where  it  joins  the  lead  tnbe.  This  positive  pressure  prevents  the 
ocape  of  blood  from  the  artery  into  the  solution  of  stxiium  carbooale.  When  all  is  ready,  the 
RptBTc  00  (he  iardiat  ride  of  the  cannula  is  removed,  and  immediately  the  float  begins  to  oscillate 
nA  inscribe  its  movements  upon  the  recording  surface.  The  fluid  wiiliin  the  artery  exerts  pressure 
incrly  opon  the  sodium  carbonate  solution,  and  this  Id  turn  transmits  it  to  the  mercury.     Peptones, 
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or  ralber  the  albntnoitH,  when  injected  into  the  blood  keep  it  from  coagutaliag  (p.  7j).     Roy  finds 
that  cnl  may  take  the  place  or&odic  cartionatc.] 

[Precautions. — In  taking  a  blood -prcaaure  tracing,  after  seeing  thai  the  apparatus  U  perfect, 
care  mast  be  taken  that  the  animal  is  perfectly  quiescent,  as  every  movement  causes  a  rise  of  blood 
pressure.  This  may  be  secure<i  by  giving  curara  and  keeping  up  aitificial  respiralion,  or  by  the 
carefully  regulated  inhnlation  of  eiher.  When  a  drug  i.s  to  lie  injected  to  test  its  action,  if  it  be 
introduced  into  the  jugular  vein  it  is  apt  to  afleci  the  heart  directly.  This  may  JK  avoided  by 
injecting  it  into  n  vein  of  the  leg,  or  under  the  skin.  The  solution  of  the  drug  tifbbt  not  contain 
panicles  which  will  block  up  the  capillaries.  Care  should  also  be  taken  that  the  carbonate  of  aoda 
does  not  flow  back  into  the  artery.] 

[Continuous  Tracing.^U'hen  we  have  occasion  to  take  a  tracing  for  any  length  of  time,  it 
mu<»t  be  written  upon  a  Mrip  of  paper  which  is  moved  at  a  uniform  rate  in  front  of  the  writing  style 
on  tlic  float  ( Fig.  lOoV  Various  Qirangcments  are  employed  for  this  purpose,  but  it  ts  usual  to  cause 
a  cylinder  to  revolve,  so  as  to  unfold  a  roll  or  liband  uf  ]japcr  placed  on  a  roovabte  bobbin.  As  the 
cylinder  revolves,  it  gradually  winds  off  the  strip  of  paper,  which  is  kept  applied  to  Ihe  revolving 
surface  by  ivory  friction  wheels,  tn  Ilcring's  complicated  kymograph  a  long  strip  of  smoked  paper 
is  used.  The  n-riting  style  may  consist  of  a  sable  brush,  or  a  fme  glass  pen  fdlcu  with  aniline  Uuc 
disMlved  in  water,  to  which  a  little  alcohol  and  glycerine  are  added.] 

[In  order  to  measure  the  height  of  the  pressure,  we  must  know  ilie  position  of  the  abscissa  or 
line  of  no  pressure,  and  it  may  be  recorded  at  the  same  lime  as  the  blood  pressure,  or  afterward. 
Jn  I'ig.  I02  0-x  \i  the  /cro  line  or  the  abscissa,  and  the  bcii;hi  of  the  vertical  lines  or  ordinates 
may  1^  measured  by  the  millimetre  scale  on  the  left  of  the  figure.  The  height  of  the  bloo«l  pressure 
is  obtained  by  drawing  ordinates  from  the  curve  to  the  abscissa,  measuring  their  length,  and  multi- 
plying by  two.] 

(5)  Spring  Kymograph. — A.  Pick  (1864)  uses  a  "hollow  spring  kymo- 
graph "  on  the  principle  of  Bourdon's  manometer  (Fig.  too,  II). 

A  hollow  Q. shaped  metallic  spring,  V,  is  filled  with  alcohol.  One  end  of  the  hollow  spring  is 
closed,  and  the  other  end,  covered  by  a  membrane,  is  brought  into  connection  with  a  blood  ve&iel 
by  a  junction  piece  filled  with  a  solution  of  sodium  carbonate.  As  soon  as  the  communication  with 
the  artery  is  opened,  the  pressure  rises,  and  the  spring,  of  course,  tends  to  straighten  itself.  To  the 
closed  end,  fi,  there  is  6xed  a  vertical  rod  attached  to  a  scries  of  levers,  i,  t,  /t,  e,  one  of  which  writes 
its  movements  upon  a  surface  moving  at  a  uniform  rate.  The  blood  pressure  and  the  periodic 
variations  of  the  pulst:  are  both  recorded,  although  the  latter  is  not  done  with  absolute  accuracy. 
[Hering  improved  Fick's  instrument  (Fig.  103),     «,  rf,  c,  is  the  hollow  spring  filled  with  alcohol, 

and  communicating  at  a  with  the  lead 
Fin.  103.  tube,  t/,  passing  to  the  cannula  in  the 

artery.  To  c  is  attached  a  scries  of  light 
wooden  levers  with  a  writing  $lyle>  /. 
The  lower  pan  of  4  dips  into  a  vessel, 
e,  Blled  with  oU  or  glycerine,  which 
serves  to  damp  the  vibrations  of  the 
levers.  At/is  a  syringe  communicating 
with  the  tube,  </,  Ailed  with  solalioD  of 
sodic  carbonate,  and  used  for  regulating 
the  amount  of  6uid  in  the  tube  con- 
necting the  manometer  with  the  blood 
vessel.  The  whole  apparstus  con  be 
raised  or  lowered  on  the  toothed  rod,  4, 
tiy  means  of  the  mill-head  opposite,  g.  lo 
which  all  the  ports  of  the  apparatus  are 
attached.] 

(6)  Fick's  Flat  Spring  Kymo* 
graph. — TI1C  narrow  tube  t.  tf  (i  mm. 
diam.)  ii  placed  in  connection  with  a 
blood  vessel  by  meaiu  of  the  csTUiula^ 
1',  and  over  its  vertical  expanded  end, 
A,  is  fixed  a  caoutchouc  membrane,  with 
A  projecting  point,  /.  which  presses 
against  a  horizontal  spring,  F,  joined  to 
n  writing  lever,  II.  by  an  intermediate 
piece,  b.  The  whole  is  held  in  the 
meullic  frame,  R  R  (Fig.  104).  In 
order  lo  estimate  the  absolote  pressufc, 
Ihe  tnstrtiment  must  be  compared  previously  with  a  mercoriAl  manometer. 

(B)  In  man  ihe  blood  pressure  may  be  estimated   by  means  of  (1)  a  properly 


hi 


Fick'i  spring  manometer,  m  improved  by  Hcring. 
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graduated  sphygmograph  (§  67).  The  pressure  required  to  abolish  the 
niovcnicnt  of  the  lever  indicates  approxtraateiy  the  vascular  tension.  The  mean 
blood  pressure  in  the  radial  artery  is  equal  to  550  grams. 

(a)  Sphygmomanometer  of  v.  Basch. — A  capsule  containing  fluid  w^ 
placed  upon  a  pulsating  artery,  while  the  capsule  itself  communicated  with  a 
mercurial  manometer.  As  soon  as  the  pressure  within  the  manometer  sligkiiy 
exceeded  that  within  the  artery,  the  artery  was  compressed  so  that  a  sphygmograph 
placed  on  a  peripheral  portion  of  the  vessel  ceased  to  beat.  Doth  arrangements 
do  not  give  the  exact  pressure  within  the  artery ;  they  only  indicate  the  pressure 
which  is  required  to  compress  the  artery  and  the  overlying  soft  parts.  The 
pressure  required  to  compress  the  arterial  walls,  however,  is  ver}'  small  compared 
with  the  blood  pressure.  It  is  only  4  mm.  Hg.  V.  Basch  estimated  the  pressure 
in  the  radial  artery  of  a  healthy  man  to  be  135  to  165  millimetres  of  mercury. 

Vmriations. — In  children  the  blocMJ  pressure  increases  with  age,  height  and  weight.  In  the 
npcrficul  temporal  uiery,  ai  2  to  j  years,  il  is— 97  mm.;  la  to  13  year^ll3  mm.  Hg.  {A.Eckert^ 


Fig.  1 04. 


e.  {  100).  The  blood  pressure  Is  raised  immediately  after  bodily  movements  ;  it  is  higher  when  a 
perKm  it  in  the  hnri;:onta1  pn»i(inn  than  when  <ntling,  nnd  in  sittini^  than  in  standing.  After  a  cold  as 
well  M  after  a  warm  bath,  the  lirrt  effecc  is  an  incrtraseuf  Ulootl  pitsMire  nnd  of  ihe  quantity  of  urine. 

85.  BLOOD  PRESSURE  IN  THE  ARTERIES.— The  following 
te»uUs  have  been  obtained  by  ex[x?riment  on  systemic  arteries: — 

Itf J  Mean  Blood  Pressure. — The  blood  pressure  is  very  considerable,  vary- 
wg  within  pretty  wide  limits;  in  the  large  arteries  of  large  mammals,  and  perhaps 
in  man.  it  =  140  to  160  millimetres  [5.4  to  6.4  inches]  of  a  mercurial  column. 

The  following  mults  have  been  obtained,  those  marked  thu«  *  by  PoiseaiUe,  and  those  4-  ^ 
Volkmonn : — 


*  Cirotid«  Horse,  ]6i  mm. 
4      •*  '•         122  to  214  mm. 

'      "        UoR,       151  ram. 

*•  "         130  to  190  mm.  (ZmoW/^). 

-f      *•       Goat.     iiStoi,^5mm. 
4      "       Rabbit,    90  mm" 


4-  Carotid,  Fowl.  SS  to  171  mm. 
4-  Aaria  of  Fr(^,  23  to  39  mm. 
4-  GUI  artery  of  Pike,  35  to  $4  mm. 

Brachial  artery  of  Man  during  an  operation, 

110  to  130  mm.  {Faivre).     Perhaps  too 

low,  owing  to  the  injury. 


£.  Albert  euimated  the  blood  pressure  by  means  of  a  manometer,  placed  in  connection  with  the 
Utmv  tibial  artery  of  a  l*ny  whose  leg  was  to  be  ampuinted,  to  be  100  to  160  mm.  Hg.  The 
CirrMwn  with  each  pulse  l>eat  wa.'*  17  to  20  mm. ;  couching  rniseJ  il  to  20  or  30  mm. ;  tight  band. 
•Ci&{  of  the  healthy  \c^.  15  mm.;  while  pojurivc  elevation  of  the  body,  whereby  the  hydrostaslic 
xinnof  the  column  of  blood  was  hrouj^ht  into  play,  raited  it  40  mm. 

The  preaore  in  the  aorta  of  mamm.iU  varies  from  300  to  250  mm.  Hg.  As  a  general  rule,  the 
tiiood  pcesiare  in  large  animals  is  hi(;hcr  than  in  small  animals,  twcause  in  Ihe  former  the  blood 
efcwael  a  caiuiderably  longer,  and  there  \s  [;rcaier  resistance  to  he  overcome.  In  very  young  and 
•■  »«!)  old  animals  the  pressure  is  lower  than  in  individuals  in  the  prime  of  life. 

TV  ajicrial  pressure  in  the  fcetus  is  scarcely  half  that  of  the  newIy-l>om,  while  the  venous 
pfwue  ii  higher,  the  difference  of  pressure  Iwtwcen  artciial  and  venous  blood  beinu  scarcely  half 
•0  giea  as  in  adult  animals  ( Cohnxlein  and  JCunfs), 
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The  arterial  blood  pressure  is  highest  in  the  aorta,  and  falls  toward  the 
smaller  vessels,  but  the  lall  is  very  griduaU  as  shown  in  Fig.  105.  A  great  fall 
takes  place  on  passing  from  the  area  of  the  arterioles. into  the  capillary  area  (C), 
while  it  is  less  in  the  venous  area,  and  negative  near  the  heart,  as  indicated  in  the 
dotted  line  passing  below  the  abscissa,  so  that  the  pressure  is  lowest  in  the  cardiac 
ends  of  the  venre  cavre  i  compare  Fie.  111). 

(^)  Branching  of  the  Blood  Vessels. — Within  the  large  arteries  the  blood 
.  pressure  diminishes  relatively  little  as  we  pass  toward  the  periphery,  because  the 

difference  of  the  resistance  in  the 
J^iG.  105.  different  sections  of  large  tubes  is 

very  small.  As  soon,  however,  as 
the  arteries  begin  to  divide  fre- 
quently,  and  undergo  a  consider- 
able  diminution  in  their  lumen,  the 
blood  pressure  in  them  rapidly 
diminishes,  because  the  propelling 
energy  of  the  blood  is  much  weak- 
ened, owing  to  the  resistance  whidi 
it  has  to  overcome  (§  (>g). 

ix)  Amount  of  Blood.— The 
blood    pressure   is   increased   with 


B.Rr 


\ 


III: 


H  A  C  V  ^^^^H 

LV.  n.  A. 

ScKciOG  or  t]K  blood  pretnurc,  in  A,  the  :irtcties  ;    C,  c«pll. 
L>rie»,  and  V.  vein«;   O-O,  U  ihe  abticlua  or  tine  of  no 

6r«»»ur*;    L    V,,  left    vrnlricle,   uiid  R.  A.  rijght   auricle: 
•  P.,  ihc  height  of  the  Ulood  frcuuic. 


X.  Durint;  diminished  and  enfeebled  mctioo 
tlie  heart ; 

2.  In  ano-'tnic  persons; 

3.  After  hemonliageor  coiiwHerable  ex' 

from  the  blood  by  sweatiiig,  Ihe 
■erere  diarrhrea. 


greater  fining  of  the  arteries^  and  vice  vend  ;  hence  it — 

InertasU. 

1.  Wkh  increa&ed  and  accelerated  action  of  the 

heart; 

2.  In  plethoric  persons; 

3.  Afier  considerable  increase  of  the  quantity 

of  blood  by  direct  transfusion,  or  after 
a  copiotti  meal. 

The  blood  pressure  docs  not  vary  in  the  same  proportion  as  the  variations  in  the  amount  ofl 
The  vascular  system,  in  virtue  of  its  muscular  tissue,  has  the  property,  within  liberally  wide  Un 
of  accommodating  itself  to  lai^rer  or  smaller  iiuamiiies  of  blood  {€.  /.ntf-wiff  ami  IVorm 
I  102,  d).      [!n  fact,  a  lar^^e  amount  of  t>looa  mny  be  transfusea  without  materially  rail 
blood  pressure.)    Small  and  moderate  hemorrlia};es  (in  the  dog  to  2.8  per  cent,  of  the  body  1   _ 
have  no  obvious  eflect  on  the  blood  pressure.     After  a  slight  loss  of  blood  the  pressure  may  ^ 
rise  (  iVorm  AfiilJer).     If  a  large  amount  of  blood  be  withdrawn,  it  causes  a  f^reat  fall  of  the  t 
pressure,  and  when  hemorrhage  occurs  to  4-6  per  cent,  of  the  body  weight,  the  blood  pressan : 
The  transfusion  of  a  moderait  amount  of  blood  does  not  raise  the  mean  arterial  blood  prt 
There  arc  important  practical  deductions  from  these  experiments,  vi/..,  that  the  arterial 
prcaaure  cannot  be  diminished  direaly  by  muderdte  bloodletting;,  and  thai  the  blood  pressure  is  not 
necessarily  high  in  plethoric  persons.] 

(j/)  Capacity  of  the  Vessels. — The  arterial  pressure  rises  when  the  capacity 
of  the  arterial  system  is  diminished,  and  conversely.  The  circularly-disposed 
smooth  muscular  fibres  of  the  arteries  are  the  chief  agents  concerned  in  this  pro- 
cess. When  they  relax,  the  arterial  blood  pressure  falls,  and  when  they  contract, 
it  rises.  These  actions  of  muscular  fibres  are  controlled  and  regulated  by  the 
action  of  the  vasomotor  nerves  (§  371). 

ie)  Collateral  Vessels. — The  arterial  pressure  within  a  ^ven  area  of  the 
vascular  system  must  rise  or  fall  according  as  the  neighboring  areas  are  dimin- 
ished, whether  by  the  application  of  pressure,  or  a  ligature,  or  are  rendered 
impervious,  or  as  these  areas  dilate.  The  application  of  cold  or  warmth  to  limited 
areas  of  the  body — increasing  or  diminishing  the  atmospheric  pressure  on  a  part 
— the  paralysis  or  stimulation  of  certain  vasomotor  areas  (S  371).  all  prodtice 
remarkable  variations  in  the  blood  pressure.  [The  effect  of  dilatation  of  a  Urge 
vascular  area  on  the  arterial  pressure  is  welt  shown  by  what  happens  when  the 
blood  vessels  of  the  abdomen  are  dilated.     Divide  both  vagi  in  the  neck  of  a 
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rabbit  and  stimulate  the  central  end  of  the  superior  cardiac  or  depressor 
nerve  ;  after  a  few  seconds,  the  blood  vessels  of  the  abdomen  dilate^  and  gradually 
there  is  a  steady  fall  of  the  blood  pressure  in  the  systemic  arteries.  Fig.  io6  is  a 
blood -pressure  tracing  showing  the  height  of  the  blood  pressure  before  stimulation, 
The  stimulation  was  continued  from  a  to  ^,  and  after  a  certain  /a/cn/  period 
here  is  a  steady  fall  of  ihe  blood  pressure.] 
(/)  Respiratory  Undulations. — The  arterial  pressure  also  undergoes  regular 
triations  or  undulations  owing  to  the  respiratory  movements.  These  undulations 
railed  restiraiory  undulations  {Y\%%.  loa  and  107).  Stated  broadly,  during 
every  strong  inspiration  the  blood  pressure  rises,  and  during  expiration  it  falls 
{§  74).  This  is  not  quite  correct.  These  undulations  may  be  explained  by  the 
fact  (hat,  with  every  expiration,  the  blood  in  the  aorta  is  subjected  to  an  increase 
of  pressure  through  the  compressed  air  in  the  chest ;  with  every  inspiration,  on  the 
other  hand,  it  is  diminished,  owing  to  the  rarefaction  of  the  air  in  the  lungs  acting 

Fig.  106. 


K}«acnp4klc  Oacine  sfaowins  the  effect  on  the  blood  prusute  of  itimuUtion  of  the  ccnirwl  txA  of  the  deprcikor 
Mcrvc  in  ihc  nttibii  after  tdrtioD  of  both  vasi  in   the  neck.     StinuUlion  bcsaii  ki  a  uid  eiKled  M.b:   0'jt, 


Upon  the  aorta.     Besides,  the  inspiratory  movements  of  the  chest  aspirate  blood 

from   the  venae  cavse  toward  the  heart,   while  expiration  retards  it,  and   thus 

influences  the  blood  pressure.     The  undulations  are  most  marked  in  the  arteries 

lying  nearest  to  the  heart.     The  respiratory  undulations  are  due  in  pari  to  a 

stimulation   or   condition  of  excitement  of  the  vasomotor  centre,  which  runs 

pirallcl  with  the  respiratory  movements.      This  stimulation  of  the  vasomotor 

centre  causes  the  arteries  to  contract,  and  thus  the  blood  pressure  is  raised.     The 

vanaiions  in  the  pressure  which  depend  upon  a  varying  activity  of  the  vasomotor 

centre  are  known  as  the  "curves  of  Traube  and  Hering."     Fig.  107  shows  the 

cwDtid  blood -pressure  tracing  of  a  dog.     In  this  curve,  when  inspiration  begins 

(X)  the  blood  pressure  is  still  falling  slightly,  but  gradually  rises  until  it  reaches  its 

"ttJiimura   shortly  after    the    beginning   of  expiration  (E).     [The   maxima   and 

*D'niraa  of  the  respiratory  and  blood-pressure  curves  do  not  comcide  exactly,  but 

in  addition  the  number  of  pulse  beats  is  greater  in  the  ascent  than  in  the  descent. 
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This  is  well  marked  in  a  blood -pressure  tracing  from  a  dog's  carotid  (Fig.  107)^ 
while  in  a  rabbit  this  difference  of  the  pulse  rate  is  but  slightly  marked  (Fig.  106 1. 
The  smaller  number  of  pulse  beats  during  the  descent,  i.e.,  during  the  greater 
part  of  expiration — is  due  to  the  activity  of  the  rardio-inhibitory  centre  in  the 
medulla  oblongata.  This  is  proved  by  the  fact  that  section  of  both  vagi  in  the 
dog  causes  the  difference  of  pulse  rate  to  disappear,  while  other  conditions  remain 
the  same  as  before,  except  that  the  heart  beats  more  rapidly.  It  would  seem  that, 
during  the  ascent,  the  cardio-inhibitory  centre  is  comparatively  maciive.  It  is 
clear,  therefore,  that  the  respiratory  and  cardio-inhibitory  centres  in  the 
medulla  oblongata  act  to  a  certain  extent  in  unison,  so  that  it  is  reasonable  to 
suppose  that  other  centres  situated  in  close  proximity  to  these  may  also  act  in 
unison  with  them,  or,  as  it  were,  '*in  sympathy.*'  As  already  stated,  the  vaso- 
motor centre  is  also  in  action  during  a  particular  part  of  the  time.] 

[If  a  dog  be  rurarized  and  artificial  respiration  established,  the  respiratory 
andulations  still  occur,  although  in  a  modified  form.  In  artificial  respiration,  the 
mechanical  conditions,  as  regards  the  jntra-thoracic  pressure,  are  exactly  the 
reverse  of  those  which  obtain  during  ordinary  respiration.  Air  is  forced  into  the 
chest  during  artificial  respiration,  so  that  the  pressure  within  the  chest  is  increased 
during  inspiration,  while  in  ordinary  inspiration  the  pressure  is  diminished.  Th 
the  same  mechanical  explanation  will  not  suffice  for  both  cases.] 


Pio.  107. 
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C&ratid  bl'^od-prcuure  mcing  of  ddc;  vatii  iwt  diviJeJ:   I  —  iiuplratiiiii,  E  •- exptraliua  {StiriiMfi, 

If  the  artificial  respiration  be  suddenly  interrupted  in  a  curarized  animal,  the 
blood  pressure  rises  steadily  and  rapidly.  This  rise  is  due  to  the  stimulation  of  the 
vasomotor  centre  in  the  medulla  oblongata  by  the  impure  blood.  This  causes 
contraction  of  the  small  arteries  throughout  the  body,  which  retards  the  outflow 
from  the  large  arterie';,  and  thus  the  pressure  within  them  is  raised.  [Stated  broadly, 
the  arterial  pressure  deju^nds  on  the  central  organ— the  heart,  and  on  the  con- 
dition of  the  peripheral  organs — the  small  arteries.  Both  are  influenced  by 
the  nervous  system.  If  the  action  of  the  vasomotor  centre  be  eliminated  by 
dividing  the  spinal  cord  in  the  cervical  region,  arrest  of  the  respiration  causes  a 
very  slight  rise  of  the  blood  pressure;  hence,  it  is  evident  that  venous  blood  acts 
but  slightly  on  the  heart,  or  on  any  local  peripheral  nervous  mechanism,  or  on  the 
muscular  fibres  of  the  arteries.  This  experiment  shows  that  it  is  the  vasomotor 
centre  which  is  specially  acted  uiwn  by  the  venous  blood.] 

[Traubc-Hering  Curves. — The  following  experiment  proves  that  the  varying 
activity  of  the  vasomotor  centre  suffices  to  produce  undulations  in  the  blood- 
pressure  tracing.  Take  a  dog.  curarize  it,  expose  both  vagi  and  establish  artificial 
respiration  j  then  estimate  the  blood  pressure  in  the  carotid.  After  section  of  ihe 
vagi,  the  heart  will  continue  to  beat  more  rapidly,  but  it  will  be  undisturbed  by 
the  cardio-inhibitory  centre.  Thus  the  central  factor  in  the  causation  of  the 
blood  pressure  remains  constant.  Suddenly  interrupt  the  respiration,  and,  as  al- 
ready stated,  the  blood  pressure  will  rise  steadily  and  uniformly,  owing  to  the  stimu- 
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lation  of  the  vasomotor  centre  by  the  venous  blood.  In  this  case  the  ^ripheral 
factor,  or  state  of  tension  of  the  small  arteries  throughout  the  body,  is  influenced 
by  the  condition  of  the  nen'c  centre,  which  controls  their  action.  After  a  time, 
ibc  blood -pressure  tracing  shows  a  scries  of  bold  curves  higher  than  the  original 
tracing.  These  can  only  be  due  to  an  alteration  in  the  state  of  the  small  arteries, 
broaght  about  by  a  condition  of  rythmical  activity  of  the  vasomotor  centre. 
These  curves  were  described  and  figured  by  Traube,  and  are  called  the  Traube  or 
Traube-Hering  curves.  As  in  other  conditions,  stimulation  causes  exhaustion,  and 
soon  the  venous  blood  paralyzes  the  vasomotor  centre  and  the  smalt  arteries  relax, 
blood  flows  freely  out  of  the  larger  arteries,  and  the  blood  pressure  rapidly  sinks. 
Variations  in  the  blood  pressure  have  been  observed  after  a  mechanical  pump  has 
been  substituted  for  the  heart,  /.<r.,  after  all  respiratory  movements  have  been  set 
aside,  so  that  the  only  factor  which  would  account  for  the  phenomena  of  the  Traube- 
Hering  curves  is  the  variation  in  the  peripheral  resistance  in  the  small  arteries, 
determined  by  the  condition  of  the  vasomotor  centre.] 

VariAtions, — The  respiratory  undulations  of  the  blootl  pressure  become  more  pronounced  tlie 
£reaier  the  force  of  the  resptnnioas,  which  produce  greater  variations  of  the  intra  thoracic  preS' 
nrc.  In  man,  the  dtmiaution  of  the  preuure  vilhin  the  trachea  is  i  mm.  \\%.  during  irant^uil 
iniliii  irimil.  while  during  forced  respiration,  when  the  respiratory  passage  is  closed,  it  may  be  57 
■a.  Coovencly,  during  ordinary  expiration,  the  pressure  is  increaficd  within  the  trachea  2-3  mm. 
Hg..  while  dunng  forced  expiration,  owing  to  the  compreuton  of  the  abdominal  muscles,  it  may 
reach  87  mm.  Ilg. 

Other  FHciors- — The  increase  of  the  blood  pressure  during  inspiration,  ax  well  as  the  fall  during 
eipiratton,  mun  in  pan  depend  upun  the  pressure  within  the  atnlomcn.  As  the  diaphragm  descends 
daring  iospiration,  it  prchscii  upon  the  abdominal  contents,  including  the  abdominal  vcasels,  whereby 
the  blood prctsure  must  be  iocreased.  The  reverse  effect  occurs  during  expiration  {Schwnnhur^'). 
rSecdon  of  both  phrenic  nerves  an<l  opening  of  the  abdominal  cavity  cause  the  respiratory  undula* 
doiu  ddmost  entirely  to  disappear.  The  respiratory  undulations,  therefore,  depend  in  great  part  upon 
tbe  changes  of  the  abdominal  pressure  aud  the  effect  of  these  changes  on  the  amount  of  blood  in 
the  abcJocninal  vcueli.  When  making  a  blood- pressure  experiment,  pressure  upon  tlie  ai>domen  of 
the  aaimftl  with  the  hand  causes  the  blood  pressure  10  rise  rapidly.] 

Of)  Variations  with  each  Pulse  Beat. — The  mean  arterial  pressnreundergoe* 
»nriaiion  wiili  each  heart  beat  01  pulse  ^^-d/,  causing  the  so-called  pulsatory  un- 
dulations (Fig.  107).  The  mass  of  blood  forced  into  the  arteries  with  each 
ventricular  systole  causes  a  |)Ositive  wave  and  an  increa.se  of  the  pressure  corres- 
ponding with  it,  which,  of  course,  corresponds  in  its  development  and  in  its  form 
»itb  the  pulse  curve. 

In  the  large  arteries. Vol  kmann  fotind  the  increase  during  the  heart  beat  to  be  =  ^  (horse)  and  ^ 
(dw)  of  the  total  pressure. 

None  of  the  apparatus  described  in  2  84  gives  an  exact  representation  of  the  pulse  carve.  They 
■Dthov  simply  a  rise  an'l  fall,  a  simple  curve.  The  sphygmograph  alone  gives  a  true  cxpres-iion 
of  tht  ondulations  in  the  blood  pressure  which  are  due  to  the  heait  beat. 

\h)  Arrest  of  the  Heart's  Action.—  If  the  heart's  action  be  arrested  or  in- 
lem:pted  by  continued  stimulation  of  the  vagus,  or  by  high  positive  respiratory 
peaure,  the  arterial  blood  pressure  falls  enormously,  while  it  rises  in  the  veins  as 
the  blood  flows  into  them  from  the  arteries  to  equilibrate  the  difference  of  pressure 
in  (he  two  sets  of  vessels.  This  experiment  shows  that,  even  when  the  difference 
of  pressure  is  almost  entirely  set  aside,  the  passive  blood  presses  upon  the  arterial 
■ills, /.r.,  on  account  of  the  overfilling  of  the  blood  vessels  a  slight  pressure  is 
eicrted  upon  the  walls,  even  when  there  is  no  circulation.  [As  already  slated,  the 
■"^Erial  pressure  depends  on  the  condition  of  the  central  organ  — the  heart — and  on 
the  peripheral  organs — the  small  arteries.  If  the  action  of  the  heart  be  arrested, 
t^len  the  blood  pressure  rapidly  falls.  Fig,  loSshows  the  effect  on  the  blood  pressure 
oftrresting  the  action  of  the  heart  by  stimulation  of  the  peripheral  end  of  the 
▼agUB,  There  is  a  sudden  fall  of  the  arterial  pressure,  as  shown  by  the  rapid  fall 
of  the  curve  from  a.] 
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[Variations  in  Animali. — The  pressure  in  the  arterial  system  depends  upon  the  balance  be- 
tween the  inflow  and  oatdow,  i'.  ^.,  upon  the  heart  and  the  state  of  ihc  anerioles.  Hut  it  is  to  be 
noted  that  ihe  ceotral  factor,  the  heart,  varies  in  ditTcrent  animals.  In  the  rabbit,  the  heart  nonuallx 
bcati  rapidly,  so  that  section  of  the  vagi  does  not  cause  any  great  increase  in  the  Dumber  of  beats, 
nor  is  the  blood  pressure  much  raised  thereby.  In  the  dog,  on  the  other  hand,  the  beats  are  coo- 
sideiably  increased  by  jiectton  of  the  vagi,  while  the  blood  pressure  rises  considerably.  Atroptn 
paralyr^sthe  cardiac  tcrminntions  of  the  vagus,  and  thereby  trebles  the  number  of  heart  beats  in  the 
dog,  while  it  only  raises  it  25  per  cent,  in  the  rabbit ;  in  man,  ^ain,  the  number  may  be 
doubled.  A.I  Rruninn  has  shown,  (his  diflferencc  of  the  initial  number  of  heart  bcals  and  the  actioD 
of  the  vagus  have  important  relations  to  the  action  of  drugs  on  the  blood  pressure.  For  example, 
if  an  intact  rabbit  be  caused  to  inhale  amyl  nitrite,  the  blood  pressure  falls  at  once  and  rapidly, 
white  in  the  dog  the  fall  may  be  slight.  The  puLse  of  the  dog,  however,  is  greatly  accelerated,  so 
much  so  as  to  be  nearly  as  rapid  as  that  of  the  rabbit.  In  both,  the  vessels  are  dilated,  but  in  the 
dog,  notwithstanding  this  dilatation,  which  per  se  would  cause  the  pressure  to  fall,  the  heart  of  the 
dog  beats  now  so  rapidly  as  to  comf^nsate  for  this,  and  thus  keeps  the  blood  pressure  nearly  normal ; 
while  the  increased  rate  of  beating  in  the  rabbit  is  not  snfhcient  for  this  purpose.  If  the  vagi  in  the 
dog  he  divided,  the  subsequent  inhalation  of  amyl  nitrite  causes  a  fall  of  blood  pressure  like  that  b 
(he  rabbit  {BruntoH),^ 

Fig.  108. 


BluoU-preuurc  U;ii;iii^  taken  with  ;i  iiiettariul   ic>mi)i;rj|])i  ft'iin  chc  carotid  of  k  labbiu 
«-  X,  absclsui ;  itiniuUtioD  of  vAgus  bcsun  u  d  and  iiopped  u  i. 


[Relation  of  Blood  Pressure  to  Pulse  Rate. — When  the  blood  pressure 
rises  in  an  intact  animal,  as  a  rule  the  pulse  rate  falls,  owing  to  stimulation  of  the 
vagus  centre  increasing  the  cardio-inhibitory  action,  while  a  fall  of  blood  pressure 
is  accompanied  by  an  increase  of  the  number  of  pulse  beats  for  the  opposite 
reason,  the  action  of  the  medullary  cardio-inhibitory  centre  being  increased.  But 
the  blood  pressure  may  be  increased  cither  by  the  action  of  the  heart  or  the  arteri- 
oles. If  we  divide  the  vagi  the  pulse  beats  more  quickly,  and  in  some  animals 
the  blood  pressure  rises  ;  in  this  case,  the  rise  in  the  two  curves  occurs  together, 
and  if  the  vagi  be  stimulated  there  is  a  sudden  fall  of  the  blood  pressure,  due  to 
arrest  of  the  heart's  action,  so  that  again  the  two  curves  are  parallel.  If  the 
arterioles  contract  the  blood  pressure  rises,  but  by  and  by  the  pulse  rate  falls, 
owing  to  the  cardio-inhibitory  action  of  the  vagus  ;  while,  on  the  other  hand,  if 
the  arterioles  are  dilated^  the  blood  pressure  falls,  and  the  heart  beats  faster. 
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Thus,  in  both  of  these  cases  the  pulse  curve  and  blood- pressure  curve  run  in  opposite 
directions.     These  results  only  obtain  when  the  vagi  are  intact  (Brun/on).'\ 

[The  JDCreasc  in  the  pulse  rale  and  blood  pressure  following  section  of  the  vAgi  do  not  ran 
pirallel.  Doth  sooner  or  later  reach  a  maximum,  bat  the  blood  pressure  gradually  falls  to  or  below 
the  normal,  while  the  pulse  rale  remains  above  the  normal  {Jl/iinzf/).'] 

For  the  effects  of  the  nervouo  aystem  upon  the  blood  pressure  sec  J  371. 

Pathologiical. — In  {lersoiu  suffering  from  granular  or  contractol  kidney  and  sclerosis  of  the 
arteries,  in  lead  poisoning,  and  after  the  injection  of  ergotin,  which  causes  contraction  of  the  small 
arteries,  it  is  found,  on  employing  the  method  of  v.  Bosch,  that  the  blood  pressure  is  raised.  It  ii 
alao  increased  in  cues  of  cardiac  hypertrophy  with  dilatation,  and  by  ni^talis  in  cardiac  affec- 
tioos,  while  it  falls  after  the  injection  of  morphia.  The  blood  pressure  falls  in  fever,  a  fact  also 
indicated  in  the  sphygmogram  (^  69),  and  it  is  low  in  chlorosis  and  phthisis. 

S6.  BLOOD  PRESSURE  IN  THE  CAPILLARIES.— Methods— Direct  estimation 
of  ihe  capillary  pressure  \s  not  possible,  on  account  of  the  smallness  of  the  capillary  tubes.     If  a 

f;la$s  plate  uf  known  dimensions  be  placed  un  a  portion  of  the  skin  rich  in  blc»d  vessels,  and  if  it 
<  weighle<l  until  the  capillaries  l>c<:ome  pate,  we  obtain  approximately  the  pressure  necessary  to 
overcome  the  capillary  pressure.  N.  v.  Kries  placed  a  small  glass  plate  (Fig.  109)  2.5-5  ^1'  "^™>t 
on  a  suitable  part  of  the  skin,  f.  j^.,  the  skin  at  the  root  of  the  nail  on  the  terminal  phalanx,  or  on  the 
ear  in  roan,  and  ou  the  gum  in  rabbits.  Into  a  scale  pan  attached  to  this,  weights 
were  placed  until  the  akin  became  pole.  The  prc&sure  in  the  capiilaries  of  the  FiG.  109 
band,  when  the  band  ts  raised,  Kries  found  to  be  24  mm.  Hg. ;  when  the  hand 
haag!S  down.  54  mm.  Hg. :  in  the  ear,  20  mm.,  and  in  the  gum  of  a  rabtnt,  32  mm. 
Roy  and  Grmham  Brown  compressed  from  below  transparent  vascular  membranes 
aj^inst  a  class  plate  by  means  of  an  clastic  bag  connected  with  a  manometer,  while 
the  variations  in  ihe  capillaries  were  observed  from  altovc  by  a  microscope. 

Conditions  influencing  CapiUary  Pressure. — ^The  capillary 
blood  pressure  in  a  given  area  increases   (i)  When  the  afferent 
small  arteries  dilate,  so  that  the  blood-pressure  within  the   large 
arteries  is  propagated  more  easily  into  them.     (2)  By  increasing  the 
pressure  in  the  small  afTerent  arteries.     (3)  By  narrowing  the  diam- 
eter of  the  veins  leading  from  the  capillary  area.     Closure  of  the 
veins  may  quaiiruplc  the  pressure.     (4)  By  increasing  the  pressure 
in  the  veins  (/.  ^.,  by  altering  the  position  of  a  limb).      A  diminu- 
tion of  the  capillary  pressure  is  caused  by  the  opposite  conditions. 

Changes  in  the  diameter  of  the  capillaries  influence  the  internal  pressure.  We 
hk«e  10  consider  the  movements  of  the  capillary  wall  itself  as  well  as  the  pressure, 
iwtlUtig,  and  consistence  of  the  surrounding  tissues.  The  resistance  to  the  blood  v.  Kr{*i'a  ippara- 
««am  is  greatest  in  the  capillary  area,  and  it  is  evident  that  the  blood  in  a  long  »«»  '°f  cBpiuiury 
CsptlUry  must  exert  more  pressure  at  the  commencement  than  at  the  end  of  the  Luar«  ofaia***' 
cif)ilbty;  in  the  middle  of  the  capillary  area  the  bloo<l  pressure  is  just  about  one- 
lulf  of  the  pressure  within  the  lai^e  arteries  (Z>4'Md'^n).  'Hie  capillary  pressure  must  also  vary  in 
<UficreDt  regions  of  the  body.  Thus,  the  pressure  within  the  intestinal  capillaries,  in  those  constiiut- 
tB|  the  glomeruli  of  the  kidney,  and  in  those  of  lower  limbs  when  the  person  is  in  the  erect  posture, 
■Ml  ht  greater  than  in  other  regions,  depending  in  the  former  cases  partly  upon  the  double  resist- 
ucccuMd  by  two  sets  of  capillaries,  and  in  the  laUer  case  partly  on  purely  hydrostatic  causes. 

«7.  BLOOD  PRESSURE  IN  THE  VEINS.— In  the  large  venous 
trunks  near  the  heart  (innominate,  subclavian,  jugular)  a  mean  negative 
prcasure  of  about  — o.i  mm.  Hg.  prevails  {/f.  Jacobson).  Hence,  the  lymph 
flnam  can  flow  unhindered.  As  the  distance  of  the  veins  from  the  heart  increases, 
tWe  is  a  gradual  increase  of  the  lateral  pressure  ;  in  the  external  facial  vein 
(sheq))  _  _|-  2  mm.;  brachial,  4.1  mm.,  and  in  its  branches  9  mm.;  crural, 
11.4  nira,  [The  pressure  is  said  to  be  negative  when  it  is  less  than  that  of  the 
ainosphere.  The  gradual  fall  of  the  blood  pressure  from  the  capillary  area  (C)  to 
tfie  venous  area  (V)  is  shown  in  Fig.  108,  while  within  the  thorax,  where  the  vcin.s 
lerminate  in  the  right  auricle,  the  pressure  is  negative.] 

Modifying  Conditions. — (1)  All  conditions  whicn  diminish  the  difference  of 
frtiiun  between  the  arterial  and  venous  systems  imrease  the  venous  pressure  ^  and 
^tvtrtA, 
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(a)  General  plethora  of  blood  increases  it ;  ansemia  diminishes  it. 

(3)  Respiration,  or  the  aspiration  of  the  thorax,  affects  specially  the  pres- 
sure in  the  veins  near  the  heart  ;  during  inspiration,  owing  to  the  diminished 
tension,  blood  flows  toward  the  chrst,  while  during  expiration  it  is  retarded.  The 
effects  are  greater,  the  deeper  the  respiratory  movement,  and  these  raay  be  very 
great  when  the  respiratory  passages  are  closed  (§  60). 

[When  a  vein  is  exposed  at  the  root  of  the  neck,  it  collapses  during  inspiratioD,  and  fiUs  doHng 
expiration.  The  respiratory  movemenis  do  not  affect  ihe  venou*  stream  in  peripheral  veins.  The 
veins  of  the  neck  end  fiacc  bccume  di&tended  with  blood  during  crying,  and  on  makii^  violent 
expiratory  efTons,  as  in  blowing  upon  a  wind  insininient.  Every  surycon  is  acquainted  with  ibc 
fact  that  air  is  (>anicularly  liable  to  be  sucked  into  the  veins,  especially  in  operations  near  the  root 
of  the  neck.     This  is  due  lo  ihe  negative  intra-ihoracic  pressure  occurring  during  inspiration.] 

(4)  Aspiration  of  the  Heart. — Blood  is  sucked  or  aspirated  into  the  auricles 
when  they  dilate  (p.  100),  so  that  there  is  a  double  aspiration — one  synchronous 
with  inspiration,  and  the  other,  which  is  but  slight,  synchronous  with  the  heart 
beat.  There  is  a  corresponding  retardation  of  the  blood  stream  in  the  venae  cavx, 
caused  by  the  contraction  of  the  auricle  (p.  99,  a).  The  respiratory  and  cardiac 
undulations  are  occasionally  observable  in  the  jugular  vein  of  a  healthy  person 

(§99). 

(5)  Change  in  the  position  of  the  limbs  or  ot 
the  body,  for  hydrostatic  reasons,  greatly  alters 
the  venous  pressure.  Tlie  veins  of  the  lower  ex- 
tremity bear  the  greatest  pressure,  while  at  the 
same  time  they  contain  most  muscle  {K.  Bar- 
dclebtn^  §  65).  Hence,  when  these  muscles  from 
any  cause  become  insufficient,  dilatations  occur 
in  the  veins,  giving  rise  to  the  production  ot 
varicose  veins. 


Fig.  iia 


B.p 


\ 
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Scbetnc  oT  ihc  bU'utl  (ireuurc,  H,  heari: 
m,  ■.urkle  :  v,  ventricle  ;  A ,  arterial :  C, 
capllUry  ;  and  V,  *cnou>  arcaj.  The 
circle  itutiute*  the  |uru  wiihln  the 
tboraj  ;  B.  P.^prnkutc  in  the  aorta. 


[Rraune  showed  that  the  fetnonil  vein  nnder  Poapan's 
ligament  collapsed  when  the  lower  limb  was  rotated  out- 
ward and  backward,  but  tilled  again  when  the  limb  was 
restored  to  its  former  |>05iHon.  All  the  veins  which  open 
into  the  femoral  vein  have  valves,  which  permit  blood  to 
pass  into  the  femoral  vein,  hut  prevent  its  rcHux.  This 
tnechanisTD  aas  to  a  slight  degree  as  a  kind  of  suaioo  aod 
pressure  apparatus  when  a  person  walk<>,  and  Uius  Tavors  the 
onward  movement  of  the  blood. 3 


[(6)  Muscular   Movements. — Veins  which 

lie  between  muscles  are  compressed  when  these 
muscles  contract,  and  as  valves  exist  in  the  veins, 
the  flow  of  blood  is  accelerattrd  toward  the  heart  j  if  the  outflow  of  the  blood  be 
obstructed  in  any  way,  then  the  venous  pressure  on  the  distal  side  of  the  obstruc- 
tion may  be  greatly  increased.  When  a  fillet  is  tied  on  the  upper  arm,  and  the 
person  moves  the  muscles  of  the  forearm,  the  superficial  veins  become  turgid,  and 
can  be  distinctly  traced  on  the  surface  of  the  limb.] 

(7)  Gravity  exercises  a  greater  effect  upon  the  blood  stream  in  the  extensile 
veins  than  upon  the  stream  in  the  arteries.  It  acts  on  the  distribution  of  the 
blood,  and  thus  indirectly  on  the  motion  of  the  blood  stream.  It  favors  the 
emptying  of  descending  veins,  and  retards  the  emptying  of  ascending  veins,  so 
that  the  pressure  becomes  iess  in  the  former  and  greater  in  the  latter.  If  the 
position  of  the  limb  be  changed,  the  conditions  of  pressure  are  also  altered.  If  a 
person  be  suspended  with  the  head  hanging  downward,  the  face  soon  becomes 
turgid,  the  position  of  the  body  favoring  the  inflow  of  blood  through  the  arteries, 
and  retarding  the  outflow  through  the  veins.  If  the  hand  hangs  down  it  contains 
more  blood  in  the  veins  than  if  it  is  held  for  a  short  time  over  the  head,  when  it 
becomes  pale  and  bloodless,     [As  Lister  hxs  shown,  the  condition  of  the  vessels 
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in  the  ifmb  is  influenced  not  only  by  the  position  of  the  limb,  but  also  by  the 
fact  that  a  nervous  mechanism  is  called  into  play.] 

[Ligature  of  the  portal  vein  causes  congestion  of  the  rootlets  and  dilatation  of  all  (he  blood 
TtaseU  in  the  ibdomen  ;  gradua)ly  nearly  all  the  blood  of  the  animal  accumulates  within  its  belly, 
ID  tbat,  paradoxical  as  il  nuky  seem,  au  aiiinial  may  be  bled  iDto  its  own  belly.  As  a  consequence 
of  fHddm  and  templfle  ligature  of  Ihia  vein,  the  arterial  blood  pressure  gradually  and  rapidly  falls, 
and  the  aoimsl  dies  very  quickly.  If  the  ligature  be  removed  before  the  blood  pressure  falls  tt>u 
much,  the  animal  may  recover.  SchtfT  and  I^utenbach  rej;ard  the  symptoms  as  due  chieBy  to  the 
action  of  a  poison,  for  when  the  blood  of  the  portnl  vein  in  an  animal  treated  in  this  way  is  injcctetl 
into  a  frog,  it  causes  death  within  a  few  hours,  white  the  ordinary  blood  of  the  portal  vein  has  no 
effect.] 

[Li^ture  of  the  Veins  of  a  Limb. — The  efiect  or  ligaturing  or  compressing  a// the  veins  of 
a  hmb  is  well  seen  in  case^  where  a  bandage  has  been  applied  ton  tightly.  It  leads  tD  congestion 
and  increase  of  pressure  within  the  veins  and  capillaries,  increased  transudation  of  Huid  through 
the  capillario,  and  consequent  adema  uf  the  parts  beyond  the  obstruction.  Ligature  of  one  vein 
docs  Dot  always  produce  oedema,  but  if  several  veins  of  a  limb  be  ligatured,  and  the  vasomotor 
DcTTCs  be  divided  at  the  same  time,  the  rapid  production  of  a:itema  is  ensured.  In  pathoIogicxU 
Canes  the  pressure  of  a  tumor  upon  a  lai^e  vein  may  produce  similar  results  {\  203).] 

88.  BLOOD  PRESSURE  IN  THE  PULMONARY  ARTERY.— Method8.—(i) 
Direct  estimation  of  the  blood  pressure  in  the  pulmonary  artery  by  opening  the  chest  was  made 
by  C.  Ludwtg  and  Beutner  (1850).  Artificial  respiration  was  kept  up,  and  the  manometer  was 
placed  in  connection  with  the  left  branch  of  the  pulmonary  artery.  The  circulation  through  the 
left  lung  of  cats  and  rabbits  was  thereby  completely  cut  off,  and  in  dogs  to  a  great  extent  inncmipted. 
There  ura&an  additional  disturbing  element,  vii.,  the  removal  of  the  elastic  Xoizt  of  the  lungs,  owing 
to  the  opening  of  the  chest,  whereby  the  venous  blood  no  longer  flowed  normally  into  the  right 
heart,  while  tlie  heart  il&clf  was  under  the  full  pressure  of  the  atmosphere.  The  estimated  pressure 
in  the  dc^  =  29.6  ;  in  the  cat  =-  17.7  ;  in  the  rabbit,  12  nun.  Hg.,/.  ^.,  in  the  dc^  3  limcs^  the 
rabbit  4  times,  and  the  cat  5  limes  less  than  the  carotid  pressure. 

(2)  Heriiig  (1850)  ex;>eriiuented  upon  a  calf  with  ectopia  cordis.  He  introduced  glass  tubes 
direaly  into  the  heart,  by  pushing  them  through  the  muscular  walls  of  the  ventricles.  The  blood 
rose  to  the  height  of  21  inches  in  the  right  tube,  and  33.4  inches  in  the  left. 

(3)  FaivTe^iS56]  introduced  a  catheter  through  the  jugular  vein  into  the  right  ventricle,  and 
pUced  it  in  connection  with  a  recording  tambour. 

Indirect  measuremema  have  been  made  by  comparing  the  relative  thickness  of  the  walls  of 
Oic  right  and  left  ventricles,  or  the  walls  of  the  pulmonary  artery  and  aorta. 

Bcmner  and  Matey  estimated  the  relation  of  the  pulmonary  artery  to  the  aortic 
pressure  as  i  to  3  ;  Goltz  and  Gaiile  a.s  a  to  5  ;  Fick  and  Badoud  found  a  pressure 
of  60  mm.  in  the  pulmonary  artery  of  the  dog,  and  to  the  carotid  11 1  mm.  Hg. 
The  blood  pressure  within  the  pulmonary  artery  of  a  child  is  relatively  higher 
than  in  the  adult. 

Elastic  Tension  of  Lungs. — The  lungs  within  the  chest  are  kept  in  a  state 
of  distention,  owing  to  the  fact  that  a  negative  pressure  exists  on  their  outer 
pleural  surface.  When  the  glottis  is  open,  the  inner  surface  of  the  lung  and  the 
walls  of  the  capillaries  in  the  pulmonary  air  vesicles  arc  exposed  to  the  full  pres- 
WK  of  the  air.  The  heart  and  large  blood  vessels  within  the  chest  are  not  ex- 
posed to  the  full  pressure  of  the  atmosphere,  btit  only  to  the  pres.sure  which  cor- 
Bsponds  to  the  atmospheric  pressure  minus  the  pressure  exerted  by  the  elastic 
iwclion  of  the  lungs  (§  60).  The  trunks  of  the  pulmonary  artery  and  veins  are 
Mbjccted  to  the  same  conditions  of  pressure.  The  elastic  traction  of  ihe  lungs 
i»  greater  the  more  they  are  distended.  The  blood  of  the  pulmonary  capillaries 
*>ll,  therefore,  tend  to  flow  toward  the  large  blood  vessels.  As  the  elastic  traction 
of  the  lungs  acts  chiefly  on  the  thin-walled  pulmonary  veins,  while  the  semilunar 
valves  of  the  pulmonary  artery,  as  well  as  the  systole  of  the  right  ventricle,  pre- 
sent the  blood  from  flowing  backward,  it  follows  that  the  blood  in  the  capiUaries  0/ 
^  ksser  circulation  must  fiffio  toroanl  the  pulmonary  veins, 

ir  tubes  with  thin  walls  be  placed  in  the  walls  of  an  elastic  distensible  bag,  the 
Iwnen  of  these  lubes  changes  according  to  the  manner  in  which  the  bag  enclosing 
thetn  is  distended.     If  the  bag  be  directly  inflated  so  as  to  increase  the  pressure 
K      •ilhin  it,  the  lumen  of  the  tubes  is  diminished  {^Funke  and  Latschenbergef).     If 
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the  bag  be  placed  within  a  closed  space,  and  the  tension  within  this  space  be 
diminished  so  that  the  bag  thereby  becomes  distended,  the  tubes  in  its  wall 
dilate.  In  the  latter  case — viz.,  by  negative  aspiration — the  lungs  arc  kept 
distended  within  the  thorax,  hence  the  blood  vessels  of  the  lungs  containing  air 
arc  wider  than  those  of  collapsed  lungs  (^Quint-kg  and  P/eiffer,  Bowditck  and 
Garland^  Dt  ^dger).  Hence  also,  more  blood  flows  through  the  lungs  dis- 
tended within  the  thorax  than  through  col]a])scd  lungs.  The  dilatation  which 
takes  place  during  inspiration  acts  in  a  similar  manner.  The  negative  pressure 
that  obtains  within  the  lungs  during  inspiration  causes  a  considerable  dilatation 
of  the  pulmonary  veins,  into  which  the  blood  of  the  lungs  flows  readily,  while 
the  blood  under  high  pressure  in  the  thick-walled  pulmonary  artery  scarcely 
undergoes  any  alteration.  The  velocity  of  the  blood  stream  in  the  pulmonary 
vessels  is  accelerated  during  inspiration  {De  yUger,  Laiesque'),  The  blood 
pressure  in  the  pulmonary  circuit  is  raised  when  the  lungs  are  inflated.  Con- 
traction of  small  arteries,  which  causes  an  increase  of  the  b&ood  pressure  in  the 
systemic  circulation,  also  raises  the  pressure  in  the  pulmonary  circuit,  because 
more  blood  flows  to  the  right  side  of  the  heart. 

The  vessels  of  the  pulmonary  circulation  are  very  distensible  and  their  tonus 
is  slight.  [Occlusion  of  one  branch  of  the  pulmonary  artery  does  not  raise  the 
pressure  within  the  aorta.  Even  when  one  pulmonary  artery  is  plugged  with  an 
embolon  of  paraflSn,  the  pressure  within  the  aortic  system  is  not  raised  {Licktheim), 
When  a  large  branch  of  the  pulmonary  artery  becomes  impervious,  the  obstruc- 
tion is  rapidly  compensated  for,  and  this  is  not  due  to  the  action  of  the  nervous 
system.  The  vasomotor  system  has  much  less  effect  upon  the  pulmonary  blood 
vessels  than  upon  those  of  the  systemic  circulation.  The  compensation  seems 
to  be  due  chiefly  to  the  great  distensibility  and  dilatation  of  the  pulmonary 
vessels  (Z/VA/Art«).]  We  know  little  of  the  effect  of  physiological  conditions 
upon  the  pulmonary  artery.  According  to  Lichtheim  suspension  of  the  resfiira- 
Hon  causes  an  increa.se  of  the  pressure.  [In  one  experiment  he  found  that  the 
pressure  within  the  pulmonary  artery  was  increased,  while  it  was  not  increased  in 
the  carotid,  and  he  regards  this  experiment  as  proving  the  existence  of  vasomotor 
nerves  in  the  lung.] 

During  the  act  of  great  straining,  the  blood  at  first  flows  rapidly  out  of  the  palmooary  veiiii« 
and  afterward  ceases  to  flow,  because  the  inflow  of  blood  into  the  pulmonary  vessels  is  inter- 
fered with.      As  soon  as  the  straJaing  ceases,  blood   flows   rapidly   into   the   pulmonarf  vessels 

SeveriDi  found  that  the  blood  stream  through  the  lungs  is  greater  and  more  rapid  when  the 
lungs  are  filled  with  air  rich  in  CO,  than  when  the  air  within  them  is  rich  in  O.  He  supposes 
that  these  gases  act  upon  the  vascular  ganglia  within  the  lung,  nntl  thus  affect  the  diameter  of 
the  vessels. 

PathologlcjU.-^Increase  of  the  pressure  within  the  area  of  the  pulmonary  artery  occurs  fre. 
quently  tn  man,  in  certain  cases  of  heart  disease.  In  these  cases  the  second  pulmonar>-  soand  is 
always  accentuated,  while  the  elevation  caused  thereby  in  the  cardiogram  is  always  more  marked 
and  occurs  earlier  {\  52).  Electrical  and  mechanical  stimulation  of  abdominal  organs  raises  ibe 
blood  pressure  in  the  pulmon.ary  artery  (Afore/). 

[The  action  of  drugs  on  the  pulmonary  circulation  may  be  tested  by  Holmgren's  apparatus 
(4  94)>  vhich  permits  of  distention  of  the  lung  and  retention  of.  the  normal  circulation  in  the 
nog.  Cold  contracts  the  pulmonary  capillaries  to  one-third  of  their  diameter,  and  anesthetics 
arrest  the  pulmonary  circulatioo,  chloroform  beir^  most  and  ether  least  active,  while  ethidene  is 
intermediate  in  its  effect.] 

[Influence  of  the  Nervous  System. — The  pulmonary  circulation  is  much 
leas  dependent  on  the  nervous  system  than  the  systemic  circulation.  Very  con- 
siderable variations  of  the  blood  pressure  within  the  other  parts  of  the  body  may 
occur,  while  the  pressure  within  the  right  heart  and  pulmonary  artery  is  but 
slightly  afl^ected  thereby.  The  pre^ure  is  increased  by  electrical  stimulation  of 
the  medulla  oblongata,  and  it  falls  when  the  medulla  is  destroyed.  Section  and 
stimulation   of  the  central  or  peripheral  ends  of  the  vagi,  stimulation  of   the 


each  limb  pauci  to  a  ilop*€ock  wHh  three  channels.  Tlie  basal  plate  is  perforatetl  along  its 
len|;ih,  and  carries  at  each  cod  thort  cannabe,  c,  ,-,  which  are  tied  into  ihc  codt  of  a  divided  artery. 
The  whole  ■pparalos  is  fiiit  filled  with  water  [or.  better,  with  salt  solution].  The  stop-cocks  are 
BOved  nmnhaneously,  as  they  are  attached  to  a  toothed  wheel,  and  have  at  fint  the  poiition  ^ven 
in  Fig.  Ill,  I.  so  that  the  blood  simply  Hows  through  the  hole  in  the  basal  piece,  i.  r.,  directly 
(mm  ooe  eod  of  the  arlcry  lo  the  other.     If  at  a  given  momeDt  the  Rop-cock  is  Inmed  in  the  direo- 
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lion  indicftted  iu  Fig.  ifi»  II,  the  blood  hw  to  pass  thmugb  (he  glass  tube,  and  the  time  it  talc e«  to 
make  the  circuit  u  noted ;  and  as  the  length  of  the  lube  is  known,  we  can  easily  calculate  the 
velocity  of  the  blood.  The  method  has  very  obvious  defects  arising  from  the  narrowneas  of  the 
tulie;  the  introduction  of  such  a  tube  offers  new  resistance,  while  there  arc  no  resp4rator7  on  pulse 
variations  observable  in  the  stream  in  the  glass  lobe. 

Volkmann  found  the  velocity  to  be  in  the  carotid  (dog)  =  205  to  357  mm. ; 
carotid  (horse)  =^  306  ;  maxillary  (hor^e)  —  232  ;  metatarsal  =  56  mm.  per 
second. 

(2)  C.  Ludwig  and  Dogicl  (1867)  devised  a  *'  stromuhr  "  or  rhcometer  for 
measuring  the  attiount  of  blood  which  passed  through  an  artery  in  a  given  time 
(Fig.  112). 

It  consists  of  two  glass  bulbs,  A  and  R,  of  exactly  the  same  capacity.  These  bulbs  communi. 
caie  with  each  other  above,  their  lower  ends  being  fixed  by  means  of  the  lutws,  r  and  */,  to  the 
metal  disk,  e,  r,.  This  disk  rotates  round  the  axis,  X,  V.  so  that,  after  a  complete  revolmioa,  the 
rube  f  communicates  with /,  and  */ with  ^; /and  i' are  jwovided  wiih  hurizunlally  placed  cannubc, 
A  and  Jt,  which  are  tied  into  the  ends  of  the  divided  artery.     The  cannula  A  is  fixed  in  the  ceatral 

Fic.  -113. 


1.  Vicrordl'i  hattuixclKMnelcT. 
tube  inserted  id  artery  ;  C. 

•1.  G,  htftuJlc.     III.  Carve  obuincd  by  dfuinosi^ph. 


A,  kUu;  f,  cnintiin::  a,  exit  cannula:  ^.  pendulum.  _    , 

Istenftitbe  connected  with  a  nunoBicter ;  /,  inoex  moving  In  a  auMileluiuc  memb 


end,  and  Jk  in  the  peripheral  end  of  the  artery  (f.  g.,  carotid) ;  the  bulb,  A,  is  Riled  with  oil,  and  B 
with  defibrinaled  blood ;  at  a  certain  nnmcnt  the  communication  through  h  is  opened,  the  blood 
60WS  in,  driving  the  oil  before  it,  and  passes  into  B,  while  the  defibrinated  blood  flows  through  1 
into  the  peripheral  part  of  the  artery.  As  soon  as  the  oil  reaches  m — a  moment  which  is  instantly 
noted,  or,  what  is  bcUer,  inscriWd  upon  a  revolving  cylinder — the  bulbs,  A,  U,  ar«  rotated  upon 
the  axis,  X,  \\  so  that  B  comes  to  occupy  the  position  of  A.  The  same  experiment  is  repeated, 
and  can  be  continued  for  a  long  time.  The  quantity  of  blood  which  posses  in  the  unit  of  time 
(1  sec.)  is  calcalated  from  the  time  necessary  to  611  the  bulb  with  blood.  Important  results  are 
obtained  by  means  of  this  instrument. 

[Suppose  50  c.cm.  of  blood  are  delivered  in  100  sees.,  then  i  coin,  flows  through  In  2  mci. 
Suppose  the  sectional  area  of  the  artery  to  l>e  jt^  mm.     As  the  velocity  is  roeasared  by  the  ratio  of 

the  quantity  to  the  sectional  area,  then  ^  -     ^^  159  miK-  ^^  second.] 

3-'4 

[As  peptone  injected  into  the  blood  prevents  it  from  coagulating  (dog),  this  fact  has  been  turned 
to  account  in  using  the  rhcometer.j 

(3)  Vierordt'a  Hero atac horn eler  (1S58)  consists  of  ■  small  metal  box  (Fig.  tij,  1)  with 
parallel  glasb  sides.  To  the  narrow  sides  of  the  box  are  6lted  an  inlet,  e,  and  an  exit  cannula,  «, 
In  its  interior  Is  suspended,  agamst  the  entrance  opening,  a  pendulum,  /,  whoM  vtbratk>aa  may  ba 
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off  on  a  curved  scale.     [This  iostrumcnt,  aa  well  as  Volkmann's  apparatus,  has  onljr  an 
.fcimorical  inlemt.] 

(4)  Chauveau  and  Lortet's  Dromograph  fi86o)  is  constructed  on  the  same  principle.  A  tube 
A,  B  (Fig.  113),  of  sufTicieni  diameter^  with  a  side  tube  tixed  to  it,  C,  which  can  be  placed  in  con- 
nection with  a  manometer,  is  introduced  into  the  carotid  artery  of  a  horse.  At  fi  a  small  piece  is 
cut  out  and  provided  with  a  coverin|j  of  gutta-percha  which  has  a  small  hole  in  it;  through  this  a 
Uyhl  pendulum,  a,  b,  with  a  long  iodcx,  b,  projects  into  the  tube,  1,  e.,  into  the  blood  current,  which 
causes  the  petiduluro  to  vibrate,  and  the  extent  of  the  vibraiioas  can  be  read  olf  on  a  scale,  S,  S.  O 
is  mn  arrangement  to  permit  the  instrument  to  be  held.  iJoth  this  and  the  former  instrument  are 
tested  beforehand  with  a  stream  of  water  sent  through  them  with  varying  velocities. 

(5)  Cybulaki's  Photohjcmatachometer. — When  fluid  flows  into  a  tube  (Fig.  114,  II,f/<-)  in  the 
direction  of  the  arrow,  the  fluid  stands  highertii  the  manometer /than  in  rn.  The  tube  my  indicates 
the  lateral  pressure,  but/jr  gives  this  plus  the  velocity  of  the  fluid  (p.  132).  The  velocity  of  the 
cuTTcnt  may  be  estimated  from  the  diflercnce  in  the  level  in  the  two  tu)>es. 

Pitol's  tube  as  used  by  Cy^uJiki  is  bent  at  a  right  angle  fl.  cp),  the  end  c  being  inserted  and  tied 
into  the  central,  and/  into  the  peripheral,  part  of  a  dividcii  artery.  As  the  blood  flows  through  the 
lutx,  the  blood  rises  higher  in  a  than  b. 

To  avoid  having  the  manometers  a  and  h  too  long,  they  are  connected  with  each  other  by  a 
capillary  tube  fillecTwith  air  and  provided  above  with  a  stop-cock  r.    The  blood  is  allowed  to  rise 
to   the  height  of  I   and   3,  the  stu{>^ock  1  is 
closed,   and   practically   an    air  manometer   is 

made,  which  shows  a  marUed  difTerence  in  the  Fig.  114. 

level  of  the  blood  of  the  two  tubes.     The  level 

of  the  bloud  in  i  and  2  is  continually  changed  T 

by  the  movements  of  the  heart  and  those  of 
rcapiiationt  and  these  variations  are  photo- 
graphed by  means  of  a  camera  n  with  a  rapidly 
moving  pJflte  t. 

Fig.  1 14,  C,  shows  a  curve  obtained 
from  the  carotid  of  a  dog.  The  velocity 
o(  the  current  at  1,-1  =  338  mm.,  in  the 
phase  3,-  a  ^  225  mm.,  and  at  31-3 
=  177  mm.  The  vclocily  is  greatest 
at  the  end  of  inspiration  and  the  be- 
ginning of  expiration.  Asphyxia  in- 
creases it  at  first.  Paralysis  of  the 
^pathetic  increa-ses  it,  while  stimula- 
tion of  this  nerve  diminishes  it.  Section  ^ 
of  the  vagi  increases  the  velocity,  while 
SiiDtilation  diminishes  it. 

tlie  carve  of  the  velocity  may  be  written  ofi 
onifisoked  glass  plate,  moving  |>arallel  with 
Ikci&du  i.  The  dromograph  curve,  Kig.  1 13, 
in,  shows  the  primary  elevation*  P,  and  the 
<l«<iMic  elevation  R. 

90.  VELOCITY  OF  THE 
BLOOD. — Division  of  Vessels- 
Arteries. — In  estimating  the  vt^Iocity 
of  the  blood,  it  is  important  to  remem- 
ber that  the  sectional  area  of  all  the 
bfMches  of  the  aorta  becomes  greater 
« we  proceed  from  the  aorta   toward 

IW  capillaries,  so   that   the  capillary  ,.  scheme ol  ih.  phoioh«rm.uchoa«:.«:  11.  Pitof.  c«bc. 
*fais  700  times  greater  than  the  sec- 
tional area  of  the  aorta.     As  the  veins 

join  and  form  larger  trunks,  the  venous  area  gradually  becomes  smaller,  but  the 
•fctional  area  of  the  venous  orifices  at  the  heart  is  greater  than  that  of  the  cor- 
"Hponding  arterial  orifices.  [We  may  represent  the  result  as  two  cones  placed 
w  to  Irase  (Fig.  115),  the  bases  meeting  in  the  capillary  area.  The  sectional 
la 
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Fifl.  115. 


Schcne  of  the  Mctionnl  arc*.    A,  ulerlsl,  and  V, 
Y  Clio  us  orifice. 


area  of  the  venous  orifice  (V)  is  represented  larger  than  that  of  the  arterial^ 
The  increased  sectional  area  influences  the  velocity  of  the  blood  current, 
while  the  resistance  affects  the  pressure.] 

The  common  iliacs  Arc  an  exception;  the  mm  of  their  sectional  areas  is  lesa  than  that  of  the 
aorta  ^  the  uctions  of  the  four  pulmonary  veins  are  together  less  than  that  of  the  pulrooDzry  aitery. 

{2)  Sectional  Area. — An  equal  quaniily  of  blood  must  pass  through  every 

section  of  the  circulatory  system,  through 
the  pulmonic  as  well  as  through  the  sys- 
temic  circulation,  so  that  the  same  amount 
of  blood  must  pass  through  the  pulmonary 
artery  and  aorta,  notwithstanding  the  very 
unequal  blood  pressure  in  these  two  vessels. 

(3)  Lumen. — The  velocity  of  the  current, 
therefore,  in  various  sections  of  the  vessels, 
must  be  inversely  as  their  lumen. 

(4)  Capillaries,— Hence,  the  velocity 
must  diminish  very  considerably  as  we  pass 
from  the  root  of  the  aorta  and  the  pulmonary 
artery  Coward  the  capillaries,  so  that  the 
velocity  in  the  capillaries  of  mammals  = 
o.S    millimetre   per    sec;    frog  =  o.53    mm. 

(A.  H.  Weber) ;  man  =  0.6  to  0.9  (C  Vierordt),  According  to  A.  W,  Vollcmann, 
the  blood  in  mammalian  capillaries  flows  500  times  slower  tlian  the  blood  in  the 
aorta,  so  that  the  total  sectional  area  of  all  the  capillaries  must  be  500  times  greater 
than  that  of  the  aorta.  Bonders  found  the  velocity  of  the  stream  in  the  small 
afferent  arteries  to  be  10  times  faster  than  in  the  capillaries. 

Veins. — The  current  becomes  accelerated  in  the  veins,  but  in  the  larger  trunks 
it  is  0.5  lo  0.75  limes  less  than  in  the  corresponding  arteries. 

(5)  Mean  Blood  Pressure. — The  velocity  of  the  blood  docs  not  depend 
upon  the  vtean  blood  pressure,  so  that  it  may  be  the  same  in  congested  and  in 
anxmic  parts  ( V'olkmann.,  J-[erin£), 

(6)  Difference  of  Pressure. — On  the  other  hand,  the  velocity  in  any  section 
of  a  vessel  is  dependent  on  the  difference  of  the  pressure  which  exists  at  the  com- 
mencement and  at  the  end  of  that  particular  section  of  a  blood  vessel ;  it  depends, 
therefore,  on  (i)  the  vis  a  tergo  {i.e.,  the  action  of  the  heart),  and  (2)  on  the 
amount  of  the  resistance  at  the  |>eriphery  (dilatation  or  contraction  of  the  small 
vessels). 

Corresponding  to  the  smaller  difference  in  the  arterial  and  venous  pressure  in  ibe  foetus  ((  S5), 
the  velocity  of  the  blood  is  less  in  this  case  {Cohnstein  and  Zuntt). 

(7)  Pulsatory  Acceleration. — With  ever)' pulse  bea/ a.  corresponding  accel* 
eration  of  the  blood  current  (as  well  as  of  the  blood  pressure)  takes  place  in  the 
arteries  (pp.  1G9,  176).  In  large  vessels,  Vierordt  found  the  increase  of  the 
velocity  during  the  systole  to  be  greater  by  }{  to  ^2  than  the  velocity  daring  the 
diastole.  The  variations  in  the  velocity  caused  by  the  heart  beat  arc  recorded  in 
F'g-  »*3i  obtained  by  Chauveau's  dromograph  from  the  carotid  of  a  horse.  The 
velocity  curve  corresponds  with  a  sphygmogram — P  represents  the  primary  eleva- 
tion and  R  the  dicrotic  wave.  This  acceleration,  as  well  as  the  pulse,  disappears 
in  the  capillaries.  A  pulsatory  acceleration,  more  rapid  during  its  6rst  phase,  is 
observable  in  the  small  arteries,  although  the  arteries  themselves  are  not  distended 
thereby. 

(8)  Respiratory    Effect. — Every    inspiration    retards   the   velocity   in    the 
arteries,  every  expraii&n  aids  it  somewhat ;  but  the  value  of  these  agencies  is  ver 
small. 
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If  we  eofDpAR  what  bag  already  been  satct  regarding  the  eflect  of  the  respiration  on  tlie  contraction 
and  dilatation  of  the  heail  and  on  the  blood  stream  [i  60),  it  is  dear  that  respiration  favon  the 
blood  stream,  and  so  daes  adiftcial  respiration.  When  artificial  respiration  is  interrupted,  the 
blood  stream  becomes  slower  [Dogi<l).  If  the  snspetaion  of  respiration  lasts  souiewliat  longer,  the 
cnrrent  is  again  accelerated  on  account  of  the  dyspnceic  Mimulation  of  the  vasomotor  centre  {iieuien- 

(9)  Modifying  Conditions. — Many  circumstances  affect  the  velocity  of  the 
blood  in  the  veins.  (1)  There  are  regular  variations  in  the  large  veins  near  the 
heart  due  to  the  respiration  ami  the  movements  of  the  heart  (§§  50  and  60).  (2) 
/rr/^/rfr  variations  due  to  pressure^  e.  g.y  from  contracting  muscles  (§  S7),  fric' 
tion  on  the  skin  in  the  direction  or  against  the  direction  of  the  venous  current; 
the /i?j/V/V/T  of  a  limb  or  of  the  body.  The  pump-like  action  of  the  veins  of  the 
groin  on  moving  the  leg  has  been  referred  to  (§  87).  When  the  lower  limb  is 
extended  and  rotated  outward,  the  femoral  vein  in  the  iliac  fossa  collapses,  owing 
to  an  internal  negative  pressure  ;  when  the  thigh  is  flexed  and  raised,  it  fills  under 
a  positive  pressure  {Braune).     A  similar  condition  obtains  in  walking. 

gt.  CAPACITY  OF  THE  VENTRICLES.— Vicrordt  calculated  ihe  cipacity  of  the  left 
ventricle  from  the  velocity  of  the  blood  stream,  and  the  amuunt  of  blood  discharged  per  second  by 
the  right  carotid,  right  suLxrlavian,  the  two  coronary  arteries,  and  Ihe  aorta  Uelow  the  origin  of  the 
innominate  artery.  He  estimated  that  with  everysystole  of  the  heart,  172  cubic  centimetres  (equal 
to  iKo  grammes)  of  blood  were  discharged  into  the  aorta  ;  this,  ihererore,  mukt  he  the  capacity  of 
the  left  ventricle  (compare  \  Sj}. 

ga.  THE  DURATION  OF  THE  CIRCULATION.— The    time    re. 
qutred  by  the  blood  to  make  a  complete  circuit  through  the  course  of  the  cir- 
culation was  first  determined  by  Hcring  (1829),  in  the  horse.     He  injected  a  2 
per  cent,  solution  of  potassium  ferrocyanide  into  a  special  vein,  and  ascertained 
(by  means  of  ferric  chloride)  when  this  substance  appeared  in  the  blood  taken 
from  the  corresponding  vein  on  the  opposite  side  of  the  body.     The  ferrocyanide 
nay  also  be  injected  into  the  central  or  cardiac  end  of  the  jugular  vein,  and  the 
time  noted  at  which  its  presence  is  detected  in  the  blood  of  the  peripheral  end  of 
the  same  vein.     Vierordt  (1S58)  improved  this  method  by  pl.acing  under  the  cor- 
responding vein  of  the  opposite  side  a  rotatingdisk,  on  which  was  fixed  a  number 
of  cups  at  regular  intervals.     The  first  appearance  of  the  potassium  ferrocyanide 
is  delected  by  adding  ferric  chloride  to  the  scrum  which  separates  from  the  samples 
of  Uood  after  they  have  stood  for  a  time.     The  duration  of  the  circulation  is  as 
follows: — 


10.64  seconds. 
6.7J      " 
517     " 


Hoae, 31.5  secondi.     llcdgehc^,  ,    .    .    7,61  seconds.     Duck,.    . 

Doc. 16.7         "  Cat 6.69         "  Ruzurd, 

R*wi'».    ....    7.79      "  Goose 10.86        "  Fowl,  .    . 

Results. — When  these  numbers  are  compared  with  the  frequency  of  the  normal 
pulse  beat  in  the  corresponding  animals,  the  following  deductions  are  obtained  : — 

(I)  The  mean  time  required  for  the  circulation  is  accomplished  during  27  heart 
bat!,/,  e.y  for  roan  =  32.2  seconds,  supposing  the  heart  to  beat  72  times  per 
inintiie. 

(3)  Generally,  the  mean  time  for  the  circulation  in  two  warm-blooded  animals 
i*  inversely  as  the  frequency  of  the  pulse  beats. 

Modifying  Conditions. — The  time  is  influenced  by  the  following  factors: — 

).  Loiif  vascular  channels  {e.  ,<'.,  from  the  metatarsal  vein  of  one  foot  to  the  other  foot)  re- 
^weatoogci  lime  ttian  shurt  channcU  (as  between  the  jugulars).  The  dUTcrence  may  be  equal  to 
M  per  ttnt.  of  the  time  required  to  complete  the  entire  circuit. 

2.  lo  young  animals  (uiih  shorter  vascular  channels  and  higher  pulse  i^te)  the  time  is  shorter 
tlUD  mold  inimaU. 

J-  Rapid  and  energetic  cardiac  contractions  (as  during  muscular  exercise)  diminish  the  time. 
"CTCe  rapid  ami  at  the  same  time  less  energetic  contractions  (as  after  section  of  Iwth  vagi),  and 
•J™  Imt  vigorous  systoles  [f.  ^.,  after  sli^jhi  stimulation  of  the  vagus),  have  no  effect. 

*-  Vierufdt  estimated  the  quantity  of  blood  in  a  roan,  in  the  following  manner  :  In  all  warm- 
^'■Mied  animals,  27  systoles  correspond  to  the  time  for  completing  the  circulation.     Hence,  the 
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total  mass  of  the  blood  mtut  be  eqnal  to  27  times  the  capacity  of  the  ventricle,  1.  ^.,  in  man,  187.$ 
ffrtiu.  X  27  —  5062.5  grins.  This  is  equal  lo  ^  of  the  body  weight  in  a  person  weighing  65.8 
kilo&.  (compare  {  49.) 

It  is  not  to  be  forgotten  that  the  sail  used  is  to  some  extent  poisonous,  but  Hermann  uses  the 

corresponding  innocuous  soda  sah  (35  percent.}. 

Pathological.  —The  duration  of  the  circulation  seems  to  be  increased  duriug  septic  fever  (£. 

93.  WORK  OF  THE  HEART.— The  left  ventricle  expels  0.18S  Vilo. 
of  blood  with  each  systole,  and  in  doing  so  it  overcomes  the  pressure  in  the  aortA, 
which  is  equal  to  a  column  of  blood  3.21  metres  in  height.  [The  araount  of 
blood  expelled  from  each  ventricle  during  the  systole  is  about  tSogrms.  (6  oz.).  It 
is  forced  out  against  a  pressure  of  250  mm.  Hg.  =  3.21  metres  of  blood.]  The 
work  of  the  heart  at  each  systole  is  0.1S8  X  3.21  =  0.604  kilogramme-metre.  If 
the  number  of  beats  ==  75  per  minute,  then  the  work  of  the  left  ventricle  in  24 
hours  —  (0.604  X  75  X  6®  X  ^4)  =  65,230  kilogramme-metres  ;  while  the 
*'  work  "  done  by  the  right  ventricle  is  about  one-third  that  of  the  left,  and  there- 
fore =  21,740  kilogramme'metres.  Both  ventricles  do  work  equal  to  86.970  kilo- 
gramme-metres. A  workman  during  eight  hours  produces  300,000  kilogramme- 
metres,  i.  e.j  about  four  times  as  much  as  the  heart.  As  the  whole  of  the  work  of 
the  heart  is  consumed  in  overcoming  the  resistance  within  the  circulation,  or 
rather  is  converted  into  heat,  the  body  must  be  partly  warmed  thereby — (425-5 
gramme-metres  are  equal  to  1  heat  unit,  /.  e.,  the  force  required  to  raise  425.5 
grammes  to  the  height  of  1  metre  may  be  made  to  raise  the  temperature  of  1 
cubic  centimetre  of  water  1°  C).  So  that  204,000  "  heat  units  "  are  obtained 
from  the  transformation  of  the  kinetic  energy  of  the  heart. 

One  gramme  of  coal  when  burned  yields  8080  heat  units,  so  that  Ihe  heart 
yields  as  much  energy  for  heating  the  body  as  if  about  25  grammes  of  coal  were 
burned  within  it  to  produce  heat, 

^.  BLOOD  CURRENT  IN  THE  SMALLER  VESSELS.— 
Methods. — The  most  important  observations  for  this  purpose  are  made  by  means 
of  the  microscope  on  transparent  parts  of  living  animals.  Malpighi  was  the 
first  to  observe  the  circulation  in  this  way  in  the  lung  of  a  frog  (1661 ). 

The  following  parts  have  been  etn|iloycd :  The  liiils  of  tadpoles  and  small  ft&bes  \  the  web, 
ton^e,  mesentery,  and  lungs  of  curari/ed  frogs;  the  wing  of  tbe  bat;  the  third  eyelid  of  the 
pigeon  or  fowl ;  the  mesentery ;  Ihe  vessels  of  the  Itvcr  of  frogs  and  newts,  |»a  mater  of  rabbits, 
the  skin  on  ihe  belly  of  the  frog,  the  mucous  membrane  of  the  inner  surface  of  the  human  lip 
{H&ter^s  Cheilangioscojie,  1879)  ;  the  conjunctiva  of  the  eyeball  and  eyelids.  All  these  may  be 
examined  by  rtfUclfJ  light. 

[Holmgren's  Method.— lu  studying  the  circulation  In  the  frog's  lung,  it  must  l^e  ioAaied.  A 
cannula  with  a  bulge  on  ii-^  free  end  is  plnced  in  the  larynx,  while  lo  the  other  end  is  fixed  a  piece 
of  caoutchouc  tubing.  The  lung  is  inflated  and  then  the  caoutchouc  tube  is  closed,  after  which  the 
lung  is  placed  in  a  ch&ni1>cr  wilh  glas.s  atx>vc  and  liclow.  and  examined  microscopically.] 

[Entoptical  appearances  of  the  circulation  {Purkinjt^  1815).  Under  cenain  conditions  a 
perwn  may  detect  the  movement  of  the  blood  corpuscles  within  tiie  blood  vessel  of  his  own  eye. 
The  best  method  is  that  of  Rood,  viz.,  to  look  at  the  sky  through  a  dark  blue  glass,  or  through 
Mveral  pieces  of  cobalt  glass  pUced  over  each  oiher  {Htlmholn).\ 

Form  and  Arrangement  of  Capillaries. —  Regarding  the  form  and  arrangement  of  the  c^il- 
laiies,  wc  lind  that — 

1 .  ']'he  diameUr  which,  In  tbe  finest,  permitji  only  the  passage  of  single  cor]>U5Clea  in  a  row^-one 
behind  the  oiher — may  vary  from  5  /j  to  2  /i,  so  that  2  or  more  cor^^uscles  may  move  abreast  when 
the  capillary  is  at  its  wildest. 

2.  The  iiH^th  is  about  0.5  mm.     They  terminate  in  small  veins. 

3.  Tbe  number  is  very  variable,  and  the  capillaries  are  most  numerous  In  those  tissues  where 
the  metabolism  is  most  active,  as  in  lungs,  liver,  muscles — leas  numerous  in  the  sclerotic  and  in  tbe 
nerve  trunks. 

4.  They  form  numerous  onastotnojfs,  and  give  rise  to  networks,  whose  form  and  amngemenl 
are  largely  determined  by  the  arrangement  of  the  tissue  elements  themselves.  They  form  iimf/f 
iovpi  in  the  skin,  and  polygonal  networks  in  the  serous  membranes,  and  on  the  surface  of  many 
gland  tubes;  they  occur  in  the  fonn  of  elongated  networks,  with  short  connecting  branches  in 
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muscle  anJ  nerve,  «a  well  u  between  ihe  straight  tubules  of  the  kidney ;  they  converge  radially 
toward  a  central  point  in  the  lobules  of  the  liver,  and  form  arches  in  the  free  margins  of  the  iriSj 
and  on  the  Uniii  of  the  sclerotic  and  comea. 

[Direct  Termination  of  Arteries  in  Veins. — Arleries  sometimes  terminate  directly  in  veins, 
wiih4»ut  the  intervenliun  of  capillaries,  t.g-^  in  the  ear  of  the  rabbit,  in  the  terminal  phalanges  of 
the  fingers  and  toes  in  man  and  sume  animnls,  in  ihc  cavernous  tissue  of  the  penis.  They  may  be 
re^irded  as  secondary  channeta  which  protect  the  circulation  of  adjacent  pans,  and  they  may  also 
be  related  to  the  heat-regulating  mechanisms  of  peripheral  parts  [Itoyfr').'\ 

In  connection  with  the  termination  of  arteries  in  capillaries,  it  is  important  to  ascertain  if  the 
ancriolcfl  arc  terminal  arteries,  f.  r.,if  they  do  not  form  any  further  auasiomoscs  with  other 
similar  arterioles,  but  terminate  directly  in  capillaries,  and  thus  only  communicate  by  capillaries 
with  neigliboring  arterioles — or  the  arteries  may  anastomose  with  other  anerics  just  before  they 
lifcak  up  into  capillaries.  This  distinction  is  imponani  in  connection  with  the  nutrition  of  parts 
fl^iplled  by  such  arteries  {Cehnheim). 

Capillary  Circulation. — On  observing  the  capillary  circulation,  we  notice 

that  the  red  corpuscles  move  only  in  the  axis  of  the  current  {axial  current), 

while  the  lateral  iransparent  plasma  current  flowing  on  each  side  of  this  central 

thread  is  free  from  thtsc  corpuscles.    [The  axial  current  is  the  more  rapid.]    This 

plasma  layer  or  **PotseuiUe's  space"  is  seeti  in  the  smallest  arteries  and  veins, 

where  4  are  taken  up  with  the  axial  current,  and  the  plasma  layer  occupies  \  on 

each  side  of  it  {Fig.  n6).     A  great  many,  but  not  all,  of  the  colorless  corpuscles 

move  in  this  layer.     It  is  much  less  distinct  in  the  capillaries,      Kud.  Wagner 

stated  that  it  is  absent  in  the  finest  vessels  of  the  lung  and  gills  [although  Gunning 

was   unable    to   confirm   this  statement].     The  colored  corpuscles  move  in  the 

*  smallest  capillaries  in  single  file,  one  after  the  other;  in  the  larger  vessels,  several 

corpuscles  may  move  abreast,  with  a  gliding  moiion,  and  in  their  course  they  may 

turn  over  and  even  be  twisted  if  any  obstruction  is  offered  to  the  blood  stream. 

As  a  general  rule,  in  these  vessels  the  movement  is  uniform,  but  at  a  sharp  bend 

of  the  vessel  it  may  partly  be  retarded  and  partly  accelerated.     Where  a  vessel 

divides,  not  unfrequently  a  corpuscle  remains  upon    the  projecting  angle  of  the 

division,  and  is  doubled  over  it  so  that  its  ends  project  into  the  two  branches  of 

the  tube.     There  it  may  remain  for  a  time,  until  it  is  dislodged,  when  it  soon 

regains  its  original  form  on  account  of  its  elasticity.      Not  unfrequently  we  see  a 

red  corpuscle  becoming  bent  where  two  vessels  meet,  but  on  all  occasions  it 

npidly  regains  its  original  form.     This  is  a  good  proof  of  the  elasticity  of  the 

colored  corpuscles.     The  motion  of  the  colorless  corpuscles  is  quite  differetit 

mcbaracter ;  they  roH  directly  on  the  vctscular^oall^  moistened  on  their  peripheral 

zone  by  the  plasma  in  Poiseuille's  space,  their  other  surface  being  in  contact  with 

the  thread   of  colored   corpuscles   in  the  centre  of  the  stream.     Schklarewsky 

(lS68)  has  shown  by  physical  experiments,  that  the  particles  of  least  specific 

gnvity  in  all  capillaries  (a^.,  of  glass)  are  pressed  toward  the  wall,  while  those 

of  greater  specific  gravity  remain  in  the  middle  of  the  stream.     [Graphite  and 

pJffticlcs  of  carmine  were  supended  in  water,  and  caused  to  circulate  through  capil- 

Itnr  tubes  placed  under  a  microscope,  when  the  graphite  kept  the  centre  of  the 

*treim,  and  the  carmine  moved  in  the  layer  next  the  wall  of  the  tube.] 

When  the  colorless  corpuscles  reach  the  wall  of  the  vessel,  they  must  roll  along, 
partly  on  account  of  their  surface  being  sticky^  whereby  they  readily  adhere  to  the 
vttKl,  and  partly  because  one  surface  is  directed  toward  the  axis  of  the  vessel 
•here  the  movement  is  most  rapid,  and  where  they  receive  impulses  directly  from 
Ibe  rapidly  moving  colored  blood  corpuscles  (Don/fers).  The  rolling  motion  is 
not  always  uniform,  not  unfrequently  it  is  retrograde  in  direction,  which  seems  to 
btducto  an  irregular  adhesion  to  the  vascular  wall.  Their  slower  movement  (lo 
to  t2  limes  slower  than  the  red  corpuscles)  is  partly  due  to  their  stickiness^  and 
iwily  lo  the  fact  that,  as  they  are  placed  near  the  wall,  a  large  part  of  their  sur- 
^ce  lies  in  the  peripheral  threads  of  the  fluid,  which,  of  course,  move  more  slowly 
(m  fact  ihc  layer  of  fluid  next  the  wall  is  passive — p.  133). 
[D  j.  Hamilton  finds  that,  when  a  frog's  web  is  examined  in  a  vertical  position,  by  far  the 
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greater  proportion  of  leucocytes  float  on  the  wpper  surface,  and  only  a  few  on  the  lower  surface,  of 
a  small  blood  veuel.  In  experiments  to  determine  why  the  colored  corpuscles  float  or  glide 
exclusively  in  the  axial  stream,  while  a  great  many,  but  not  alt,  of  the  leucocytes  roll  in  the 
peripheral  layers,  Hamilton  ascertained  that  the  nearer  the  suspended  body  approaches  to  the 
specific  gravity  of  the  liquid  in  which  it  is  immersed,  the  more  it  tends  to  occupy  the  centre  of  the 
stream.  He  is  of  opinion  that  the  phenomenon  of  the  sejtaration  of  the  blood  corpuscles  in 
the  circulating  (luid  is  due  to  the  colorless  corpuacles  being  specificfllly  lighter,  and  the  coloreii 
either  of  the  same  or  of  very  slightly  greater  specific  gravity,  than  the  blood  plasma.  Haroilion 
Cunirovcrls  the  statement  of  SchkUrewsky,  and  he  finds  th&i  it  is  the  relative  specific  gravity  of  a 
body  which  ultimately  determines  its  position  in  a  tube.  These  expctimeuts  point  to  the  immense 
importance  of  a  due  relation  subsisting  between  the  speciBc  gravity  of  the  blood  plasma  and  ibitt  of 
the  corpuscles.] 

In  the  vessels  first  formed  in  the  incubated  egg,  as  well  as  in  young  tadpoles,  the  roovement  of 
Ihe  blood  from  the  heart  occurs  in  jerks  {SpailaHnim,  1768). 

The  vt;locity  of  the  blood  stream  is  influenced  by  the  diameter  of  the  vessels^ 
which  undergo  periodic  changes  of  calibre.  This  change  occurs  not  only  in 
vessels  provided  with  muscular  fibres,  but  also  in  the  capillaries,  which  vary  in 
diameter,  owing  to  the  contraction  of  the  cells  composing  their  walls  (p.  138). 

The  amount  of  water  in  t/ie  blood  is  of  importance ;  when  it  is  increascdi  the 
circulation  is  facilitated  and  accelerated  {%  62). 

The  velocity  of  the  blood  is  greater  in  the  pulmonary  than  in  the  systemic 
capillaries;  bo  that  the  total  sectional  area  of  the  pulmonary  capillaries  is  less  than 
that  of  all  the  systemic  capillaries. 

95.  DIAPEDESIS. — If  the  circulation  be  studied  tii  the  vessels  of  the  mesenier>-,  we  may 
obscn'e  colorless  corpuscles  poutng  oat  of  the  vessels  in  greater  or  tc^s  numberii  (Kig.  tl6). 
The  mere  contact  with  the  air  suffices  to  excite  slight  inflammatioo.  At  first,  the  colorless  corpus- 
cles in  the  pla»nia  space  move  more  slowly ;  several  accumulate  near  each  other,  and  adhere  to  the 
walls— soon  they  bore  into  the  wall,  ultimately  they  pass  quite  through  it,  and   may  wander  for  a 

distance  into  the  pcrivascubr  tissues.     It  is  douU- 
Fig.  116.  ful  whether  they  pass  through  the  so-called  "  sto- 

yj  mata  "  which  exist  l^etween  the   endothelial  cells, 

or  whether  they  simply  pass  through  the  cement 
substance  between  the  endothelial  cells  (p.  136). 
This  process  is  called  diapedcflis,  and  consists  of 
several  act«:  (17)  The  adhesion  of  lymph  cells  or 
colorless  corpuscles  to  the  inner  5>urrace  of  the 
vessel  (after  moving  more  slowly  along  the  wall  op 
to  this  point),  {b)  They  send  processes  into  and 
through  the  vascular  wall  (r)  The  body  of  the 
cellis  drawn  after  or  follows  the  processe5,  whereby 
the  corpuscle  appears  constricted  in  the  centre  (Fig. 
1 16,  ().  (^d)  The  complete  po-vage  of  the  corpus- 
cle through  the  wall,  and  its  futthcr  motion  in  vliinc 
_       ^_  of  its  own  amarboid  movements.     Hering  observed 

^        W'*  that  in  large  vessels  with  ijcrivascular  lymph  spaces, 

•  the  corpuscles  passed  into  the  space*,  hence  cells 

Stnill  vsmI  of  a  frng'k  metcnivrv  thowine  <liapcdrsi«.  are   found  In  lymph  iKforc  it  hss  pssscd  through 
«.,  w.  vucular  walk  ;,>.«.  I'uheulHe*  «i«ce ;  r,  Ivmiihatic  glands.     The  causc  of  the   diapcclestt 

5S^XtiS';/;,«Sr;.u7-^n;.tt;;'!  '*  P««'y  ^"«=  to  the  independent  locomotion  of  the 
y,y,  cxtrudnl  G>jrpu9cla.  corpusclcs,  and  Lt  IS  partly  a  ptiysical  act,  vix.,  a 

filtration  of  the  colloid  moss  of  the  cell  under  the 
force  of  Ihe  blood  pressure  {ffering) — tn  the  latter  respect  depending  upon  the  intravascular  pres- 
sure and  the  velocity  of  the  blood  stream.  Hering  regards  this  process,  and  even  the  pa.<s^e 
of  the  colored  corpuscles  through  the  vascular  wall,  as  a  normal  process.  The  red  corpuscles 
pass  out  of  the  vessels  when  the  venous  ontflow  i^  obstructed,  which  also  causes  the  transuda- 
tion of  plasma  through  the  vascular  wall.  The  plasma  carries  the  colored  corpuMiIcs  along  with 
it,  and  at  the  moment  of  ihcir  passage  through  the  wall  they  assume  extraordinary  shapes,  owing  to 
the  tension  put  u{Kin  them,  regaining  their  fhape  as  soon  as  they  ])a5s  omX.  (Coknheim).  This 
remarkable  phenomenon  was  described  by  Waller  in  1846.  It  was  re  described  by  trohnheiro,  and 
according  to  him  the  oul-wandering  is  a  sign  of  inflamniation,  and  the  colorless  corpuscles  which 
accamulaie  in  the  tbsues  are  to  tic  regarded  as  true  pus  corpuscles*  which  may  undcr^jo  fnnher 
Increase  hy  division. 

Stasis. — When  a  strong  stimulus  acts  on  a  vascular  part,  hypenrmic  rtdmess  and  tweifing  occur. 
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MicToMopic  obaervation  shows  ibat  lh«  capillaries  and  the  small  vessels  are  dilated  and  evfr. 
Jiiitd  with  blood  corpuscles;  in  some  t&s^%^  a  temporar)'  narrowin|T  precedes  the  dilatation  ;  simul- 
tastcously  the  velociiyof  the  stream  changes,  rarely  there  is  a  temporary  acceleration,  more  frfquentfy 
it  hfcentfi  tl^icer.  If  the  action  of  the  stimulus  or  irritant  t>e  continued,  the  retardation  becomes 
coosiderablc,  the  stream  moves  in  jerks,  then  follows  a  to-and-fro  movement  of  the  blood  column — 
a  sign  that  siaj^ilion  has  taken  place  in  other  vascular  areas.  At  lost  thebtood  stream  comes  com- 
pletely to  a  stajid-still — stasia — and  the  blood  vessels  are  plugged  with  blood  corpuscles.  Numer- 
oos  colorlcH  blood  corpuscles  arc  found  in  the  stationarj'  blood.  While  these  various  processes  are 
taWiii^  place,  the  colorless  corpuscles — more  rarely  the  red— pass  oat  of  the  vessels.  Under  favor- 
aide  circumsunces  the  stasb  may  disappear.  The  swelling  which  occurs  in  the  neighborhood  of 
inflamed  parts  i^  chiefly  due  to  tlic  exudation  of  plasma  into  ihe  surrounding  tissues. 

96.  MOVEMENT  OF  THE  BLOOD  IN  THE  VEINS.— In  the 
sinaJlest  veins  coming  from  the  capillaries,  the  blood  stream  is  more  rapid  than  in 
the  capillaries  themselves,  but  less  so  than  in  the  corresponding  arteries.  The 
slreatn  is  tiniform,  and  if  no  other  conditions  interfered  with  it,  the  venous  stream 
toward  the  heart  ought  to  be  uniform,  but  many  circumstances  affect  the  stream 
in  different  parts  of  its  course.  Among  these  arc  :  (i)  The  relative  /axness,  great 
disicnsibiiityy  and  the  ready  compressibility  of  the  walls,  even  of  the  thickest  veins. 
(a)  The  in^ompiete fiHin^oX  the  veins,  which  does  not  amount  to  any  considerable 
distention  of  their  walls.  (3)  The  numerous  and  free  anasfomosesbtly/ttvi  adjoin- 
ing veins,  not  only  between  veins  lying  in  the  same  plane,  but  also  between 
superficial  and  deep  veins.  Hence,  if  the  course  of  the  blood  be  obstructed 
in  one  direction,  it  readily  finds  another  outlet.  (4)  The  presence  of  numerous 
valves  which  permit  the  blood  stream  to  move  only  in  a  centripetal  direction. 
They  are  absent  from  the  smallest  veins,  and  arc  most  numerous  in  those  of 
middle  size. 

Position  of  Valves. — The  venous  valves  always  have  two  pouches,  and  are  placed  tt  definite 
iatcrval^  which  correspond  to  the  l,  2,  3,  or  nth  power  of  a  certain  "  fundamental  distance,"  which 
ta  =  7  mm.  for  the  lower  extremity  and  5.5  mm.  for  the  upper.  Many  of  the  original  valves  dis- 
appear. f>n  tlie  proximal  side  of  every  valve  a  InleraJ  branch  opens  into  the  vein,  while  on  the 
^il  side  of  each  branch  lies  a  valve.     The  same  is  true  for  the  lymphatics  (A'.  Bardelehen). 

Effect  of  Pressure. — As  soon  as  pressure  is  applied  to  the  veins,  the  next 
lowest  valves  close,  and  tliose  immediately  above  the  seat  of  pressure  open  and 
»llow  the  blood  to  move  freely  toward  the  heart.  'V\\c  pressure  may  be  exerted 
iiimvfithout,  as  by  anything  placed  against  the  body;  the  thickened,  contracted 
muscles,  especially  tlie  muscles  of  the  limbs,  compress  the  veins.  Tlial  the  blood 
flow  otit  of  a  divided  vein  more  rapidly  when  the  muscles  contract,  is  shown  during 
tfeneseclion.  If  the  muscles  arc  kept  contracted,  the  venous  blood  passing  out  of 
<Ik  muscles  collects  in  the  passive  parts,  e.g,^  in  the  cutaneous  veins.  The  pulsa- 
tile pressure  of  the  arteries  accompanying  the  veins  favors  the  venous  current. 
Frotn  a  hydrostatic  point  of  view  the  valves  are  of  considerable  importance,  as 
*hcyser\'c  to  divide  the  column  of  blood  into  segments  (e.g.t  in  the  cniral  vein  in 
the  erect  attitude),  .so  that  the  fine  blood  vessels  in  Ihe  foot  are  not  subjected  to 
**«  whole  amount  of  the  hydrostatic  pressure  in  the  veins. 

The  velocity  of  the  venous  blood  has  been  measured  directly  (witli  the  hacmadromomeler  and  the 
'^*i*<to— g  89).  V'olkmnnn  found  it  lo  be  325  mm.  per  sec.  in  the  jugular  vein.  Rcil  observed 
^JJtJi  limes  more  blood  (lowed  from  an  arterial  orifice  than  from  a  venous  orifice  of  the  same  %\zc. 
ttMvdoeily  of  the  venous  current  obviously  depends  upon  the  sectional  area  of  the  vessel.  BorelH 
««>«««dthe  capacity  of  the  venous  system  lobe  4  times  greater  than  that  of  the  arterial;  while, 
*t»iiBg  10  llaller,  the  ratio  is  9  to  4. 

Large  Veins. — As  we  proceed  from  the  small  veins  toward  the  venw  cavae, 
•htwclional  area  of  the  veins,  taken  as  a  whole,  becomes  less,  so  that  the  velocity 
V  tktotrrent  increases  in  the  same  ratio.  The  velocity  of  the  current  in  the  venae 
Qv*  may  be  about  half  of  that  in  the  aorta  {Ifaller).  As  the  pulmonary 
veins  are  narrower  than  the  pulmonary  artery,  the  blood  moves  more  rapidly  in 
^  former. 
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97.  SOUNDS  WITHIN  ARTERIES— The  sounds  produced  wiihin  arteriei  arc,  roe«]dB_ 
strictly  from  a  physical  [xiint  of  vicw^  only  noUcs  or  bruits.  Slill,  foUowing  Skoda't  lead.  Vtej  are 
spoken  of  tjy  physicians  as '*  lunes."  Clinically,  there  is  no  sharp  distinction  between  **tooes," 
soun^ls,  noises,  or  bruits.  In  four-6fths  of  alt  healthy  men  two  iKJunds— corresponding  in  duration 
and  other  characters  to  the  two  heart  sounds — are  heard  in  the  carotid  (CoMrati,  HW/).  Sometimes 
only  the  second  heart  sound  U  distinguishable,  as  its  place  of  origin  is  near  to  the  carotid.  Tbey 
are  not  true  arterint  sounds,  hut  are  simply  "  propagated  heart  sounds."  Sometimes  the  sound 
of  the  pulmonary  artery  can  be  heard  in  this  way  ( fiViV,  Betielheim).  These  murraun^,  souods,  or 
bruits  occur  either  spoutaneouity^  or  are  produced  by  the  appUcation  of  ixlernal  presntre,  whereby 
the  lumen  of  the  vessel  i'<  diminished.  Hence  one  distinguishes:  (ij  Spontaneous  Murrours* 
and  (3)  Pressure  Murmurs. 

Arterial  Sounds  or  mtirmiirs  are  readily  produced  by  pressing  upon  a  strong 
artery,  e.g.^  the  crura)  in  the  inguinal  region,  so  as  to  leave  only  a  narrow  pasnge 
for  the  blood  ('*  stenosal  murmur"),  A  fine  blood  stream  passes  with  great 
rapidity  and  force  through  this  narrow  part,  into  a  wider  portion  of  the  artery 
lying  behind  the  point  of  compression.  Thus  arises  the  "pressure  stream" 
(y*.  Niemeyer)fOJ  the  "  fluid  vein  "  ("veine  fluide  "  of  Chauveau).  The  particles 
of  the  fluid  are  thrown  into  rapid  osdUation,  and  undergo  vibratory  movements, 
and  by  their  movements  produce  the  sound  within  the  peripheral  dilated  portion 
of  the  tube.  A  sound  is  produced  in  the  fluid  by  pressure  {Corrigan).  The  sounds 
are  not  caused  by  vibrations  of  the  vascular  wall,  as  supposed  by  Houillaud. 

A  murmur  of  this  sort  is  the  '* sub-clavicular  murmur"  {Hoser),  occasionally  heard  durioe 
systole  in  the  sulnilavian  artery ;  it  occurs  when  the  two  layers  of  the  pleura  adhere  to  the  apex  of 
the  lung  (especially  in  tubercular  diseases  of  the  lungs),  whereby  the  subclavian  artery  undergoes  a 
local  constriaion  due  to  its  being  made  tense  and  Elightly  curved  {Fritti fetch).  This  result  is 
indicated  in  a  diminution  or  absence  of  the  pulse  wave  in  the  radial  artery  ( H'eil). 

It  is  obvious  that  arterial  murmurs  will  occur  in  the  human  body — [a)  When,  owing  to  palha> 
logical  conditions,  the  arten.il  tube  is  dilattd  at  one  pufi.  into  which  the  blood  current  is  forcibly 
poured  from  the  normal  narrow  lube.  Dilatations  of  this  sort  are  called  aneurisms,  in  whi^ 
murmurs  are  generally  audible,  {b)  \Vhcn  pressure  is  exerted  upon  an  nrtery,  e,  g,.  by  the  pies&uie 
of  the  greatly  L-i)Iarirei.l  arteries  during  pregnancy,  or  by  a  large  tumor  pressing  upon  a  large  artery. 

Spontaneous  Murmurs. — In  cases  where  no  source  of  external  pre&surc  is  discorerable,  and 
when  no  aneurism  is  present,  the  spontaneously  occurring  sounds  are  favored,  when  at  the  momeot 
of  arterial  rest  (cardiac  syiitole)  the  arterial  walls  are  distended  to  the  slightest  extent,  and  when 
during  the  movement  of  the  pulse  (cardiac  diastole)  the  tension  is  roost  rapid  ( Traube,  IVeil),  1.  /., 
when  the  low  systolic  minimum  tension  of  the  arterial  wall  passes  rapidly  into  the  high  maximum 
tension.  This  is  especially  the  case  in  insufliciency  of  the  aortic  valves,  in  which  case  the  sounds 
in  the  arteries  are  audible  over  a  wide  area.  If  the  minimum  tension  of  the  arterial  wall  is  relatively 
great,  even  daring  diastole,  the  sounds  in  the  arteries  are  greatly  diminished. 

Arterial  murrnurs  are  favored  by  (i)  Sufficient  delicacy  and  elasticity  of  the 
arterial  walls.  (2)  Diminished  peripheral  resistance,  e.g.^  an  easy  outflow  of  the 
fluid  at  the  end  of  the  stream.  (3)  Accelerated  current  in  the  vascular  system 
generally.  (4)  A  considerable  difference  of  the  pressure  in  the  narrow  and  wide 
portions  of  the  tube.     (5)  Large  calibre  of  the  arteries. 

In  normal  pulsating  arteries,  sounds  may  be  heard  especially  at  an  acute  bend  of  the  aitc  ^ 
Murmurs  of  this  sort  are  loudest  where  several  large  arteries  lie  together;  hence,  during  pregnan^J 
we  bear  the  uterine  munnur,  or  placental  bruit,  or  iouffie  in  the  greatly  dilated  uterine  arterie 
It  is  much  less  distinct  in  the  umbilical  aitcries  of  the  cord  (umbilical  murmurs).     Similar  sound^ 
are  heard  through  the  thin  walls  of  the  head  of  infants,  and  a  murmur  is  sometimes  beard  in  the 
enlarged  spleen  in  ague  [Maitsurianc). 

Auscultation  of  the  Normal  Pulse. — On  auscultating  the  radial  artery  under  favorable  cir- 
cumstances, and  especially  in  old,  thin  persons  with  wide  arteries  and  dicrotic  pulse,  one  may  hear 
two  sounds  corresponding  to  the  primary  and  dicrotic  waves. 

In  insuEBciency  of  the  aortic  valves,  characteristic  sounds  may  be  heard  in  the  crural  artery. 
If  pressure  be  exerted  upon  the  artery,  a  double  blowing  murmur  is  heard ;  the  Brst  one  is  due  to  a 
large  maw  of  blood  l>eing  propelled  into  the  artery  synchronously  with  the  heart  beat,  the  secorKl 
to  the  fact  thai  a  large  quantity  of  blood  tlows  back  into  the  heart  during  diastole.  If  no  pi:ctaure 
be  exercised  two  sounds  are  heard,  and  these  seem  to  be  due  to  a  wave  propagated  into  the  arteries 
by  the  auricles  and  ventricles  respeaively — compare  \  73,  Fig.  86,  lU.  In  atheroma  a  double 
sound  may  sometimes  be  beard  ( {  73,  2). 
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98.  VENOUS  MURMURS.— I.  Bruit  de  Diable.— This  sound  is  heard 
above  the  clavicles  in  the  furrow  between  the  two  heads  of  the  stcrno-niasioid, 
most  frequently  on  the  right  side,  and  in  40  per  cent,  of  all  persons  examined. 
It  is  either  a  continuous  or  a  rhythmical  murmur,  occurring  during  the  diastole  of 
Ihc  heart  or  during  inspiration  ;  it  has  a  whistling  or  rushing  character,  or  even  a 
musical  quality,  and  arises  within  the  bulb  of  the  common  jugular  vein.  When 
this  sound  is  heard  without  pressure  being  exerted  by  the  stethoscope,  it  is  a 
pathological  phenomenon.  If,  however,  pressure  be  exerted,  and  if,  at  the  same 
time,  the  person  examined  turn  his  head  to  the  opposite  side,  a  similar  sound  is 
heard  in  nearly  all  cases.  The  pathological  bruti  de  diabU  occurs  especially  in 
anaemic  persons,  in  lead  poisoning,  in  syphilitic  and  scrofulous  persons,  sometimes 
in  young  persons,  and  less  frequently  in  elderly  people.  Sometimes  a  thrill  of 
the  vascular  wall  may  be  felt. 

Causes. — It  is  due  to  the  vibration  of  the  blood  flowing  in  from  the  relatively 
narrow  part  of  the  common  jugular  vein  into  the  wide  bulbous  portion  of  the 
vessel,  and  seems  to  occur  chiefly  when  the  walls  of  a  thin  part  of  the  vein  lie  close 
to  each  other,  so  that  the  current  must  purl  through  it.  It  is  clear  that  pressure 
from  without,  or  lateral  pressure,  a.s  by  turning  the  head  to  the  opposite  side,  must 
favor  its  occuntrnce.  Its  intensity  will  be  mcreascd  when  the  velocity  of  the 
stream  is  increased,  hence  inspiration  and  the  diastoUc  action  of  the  heart  (both  of 
which  assist  the  venous  current)  increase  it.  Tlie  erect  attitude  acts  in  a  similar 
manner.  A  similar  bruit  is  sometimes,  though  rarely,  heard  in  the  subclavian, 
axillary,  thyroid,  facial,  innominate  and  crural  veins,  and  superior  cava. 

II.  Regurgitant  Murmun. — On  making  a  sudden  efrort,a  murmur  may  be  heard  in  the  crural 
fein  during  cxpiraiion,  which  is  caused  by  a  centrifugal  current  of  blond,  owing  to  the  incompetence 
or  absence  of  the  valves  in  this  region.  If  the  valves  at  the  jugular  bulb  are  not  lit;ht,  there  may 
be  a  broil  with  expiration  {expiratory  jugular  vein  bruit — Hamemjli),  or  during  the  cardiac  lystole 
(i^flWiV  jugular  vein  bniil — v.  Bamberger'). 

III.  Valvular  Sounds  in  Veins.— When  the  IricuspitI  valve  is  incompetent,  during  the  ven- 
tncalar  systole,  a  large  volume  of  hlood  is  propelled  backward  into  the  vcnw  cav^r.  The  venous 
Talvei  are  closed  suddenly  thereby  and  a  sound  produced.  This  occurs  at  the  bull)  or  dilatation  on 
lt«  jugular  vein  (f.  Bamher^er),  and  In  the  crural  vein  at  the  groin  (A'.  FritJreitM),  i.  e.,  only  as 
long  as  the  valves  are  competent.  Forced  expiration  may  cause  a  valvular  sound  in  the  crural  vein. 
Jioiuund  is  heard  in  the  veins  under  [)crfectly  normal  circumstances. 

99.  THE  VENOUS  PULSE— PHLEBOGRAM.— Methods.— A  tracing  of  the  move- 
meat^  of  a  vein,  taken  with  a  Hghily  weighted  sphygmograph,  has  a  characteristic  form,  and  is  called 
1  phleboi^am  ( Fig.  1 17).  In  order  to  Lntcr|irct  the  various  events  of  the  phlebogram,  it  i.i  most 
■Bpamat  to  record  simultaueously  the  events  that  take  place  in  the  hean.  The  auricular  contraaion 
(coDpare  Fig.  39)  is  synchronous  with  a  b:  b  r.  wuh  the  ventricular  systole,  during  which  time  the 
&M  toaad  occurs,  while  a  ^  is  a  presystolic  movement.  The  carotid  puL-^e  coincides  nearly  with 
tW  ipea  of  ihc  cardiogram,  1.  e.^  almost  simuluneously  with  the  descending  limb  of  the  phlcbogram 

Occasionally  in  healthy  individuals  a  pulsatile  movement,  synchronous  with  the 
iclion  of  the  heart,  may  be  observed  in  the  common  jugular  vein.  It  is  either 
confined  to  the  lower  part  of  the  vein,  the  so-called  bulb,  or  extends  further  up 
^oog  the  trunk  of  the  vein.  In  the  latter  case,  the  valves  above  the  bulb  are 
"•Rjfficicnt,  which  is  by  no  means  rare,  even  in  health.  The  wave  motion  passes 
from  below  upward,  and  is  most  obvious  when  the  person  is  in  the  passive  hori- 
MftUl  position,  and  it  is  more  frequent  on  the  right  side,  because  the  right  vein 
lies  nearer  the  heart  than  the  left.  It  is  propagated  more  slowly  than  the  arterial 
puhe  wave.  The  venous  pulse  resembles  very  closely  the  tracing  of  the  cardiac 
lopalse.     Compare  Fig.  117,  i.with  Fig.  39. 

It  is  obvious  that,  as  the  jugular  vein  is  in  direct  communication  with  the  right 
iiiricle,  and  as  the  pressure  within  it  is  low,  the  systole  of  the  right  auricle  must 
*^ose  a  positive  wave  to  be  propagated  toward  the  peripheral  end  of  the  jugular 
"tin.  Fig.  117.  9  and  ro,  are  venous  pulse  tracings  of  a  healthy  person  with 
inioiliciency  of  the  valves  of  the  jugular  vein.     In  these  curves,  the  part  a  b  cor- 
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responds  to  the  contraction  of  the  auricle.  Occasionally  this  pare  consists  of  two 
elevations,  corresponding  to  the  contraction  of  the  atrium  and  auricle  respectively. 
As  the  blood  in  the  right  auricle  receives  an  impulse  from  the  sudden  tension  of 
the  tricuspid  valve,  synchronous  with  ike  systoU  of  the  rigfit  ventrtcie^  there  "^  a 
positive  wave  in  the  jugular  vein  in  Fig.  117,  9  and  10,  indicated  by  b^  c.  Lastly, 
the  sudden  closure  of  the  pulmonary  valves  may  even  be  indicated  {e).  As  the 
aorta  lies  in  direct  relation  with  the  pulmonary  artery,  the  sudden  closure  of  its 
valves  may  also  be  indicated  (Fig.  91,  9,  at  //).  During  the  diastole  of  the  auricle 
and  ventricle,  blood  flows  into  the  heart,  so  that  the  vein  partly  collapses  and  the  j 
lever  of  the  recording  instrument  descends.  I 

Sinus  and  Retinal  Putse. — The  blood  in  the  sinuses  of  the  brain  also  undergoes  a  pulsalile 
movement,  owing  to  the  fnct  that  dLiring  cardiac  diastole  much  blood  Hows  into  the  veins  \M0ts9), 
Under  favorable  circumstances,  this  movement  may  be  pnjpai^aled  into  the  veins  of  the  retin^t 
constituting  the  vtnoHS  retinal  flulse  of  the  older  observers  {iiet/reu:k). 

Fig.  117. 


Venouft  puUc*  {/-rUtirtith].     1-3.  Irom  ini^iilliclencv  iil   the  tricu»piJ  ....  .    _ 

fivnon.     Ill  all  ihe  curve*,  n  /  ~  coniraclion  ul  tlie  rixlit  nuricle  ;  i  c,  of  0\r^  ri|;ht  ventiidc  ;  J,  cUflture  of  Use 


Mic^  <il   the  (ricufpKl,  a,  lo.  put^c  r>l    the  juKuUr  vein  ol  a  httillhy 
\  vt  tlic  riatt  Buricl*  ;  i  c,of  the  right  ve       '  ' 
aortic  ralva ;  r,  cloiiirc  c^  the  pulmatixry  valves  ;  r,/,  diutole  of  the  right  Teutrklc. 


Patbolog:ical  Jugular  Vein  Pulse. — The  venous  pulse  in  the  jugular  veto  is  fir  better  marked' 
in  insujfiriency  of  the  tricuspid  tw/rv,  and  the  vein  may  pulsate  violently,  but  if  its  valves  be  perfect, 
the  pulse  ts  not  propagated  along  the  vein,  so  ihat  a  titlse  in  the  jugular  vein  is  nut  Hfc^itarily  « 
j-(rn  af  imitj^ciency  of  tke  triempid  valvr,  but  only  of  insufficiency  of  the  valve  of  the  jugular  veio 
{r'ritJrficM). 

Liver  Pulse. — Tlie  ventricular  systole  is  propagated  into  the  vaWeless  inferior  vena  cava,  and 
causes  the  /iwr  pulir.  With  each  systole  blood  passes  into  the  hepatic  veins,  so  that  the  liver 
undergoes  a  iyitalic  i-u^tlling  and  injtttien. 

Fig.  117,  2-8,  are  curves  of  (he  pulse  In  the  common  jugular  vein.  Although  at  first  sight  the 
curves  appear  to  be  very  difierent,  they  all  agree  in  tliis,  that  the  various  events  occurring  in  the 
heart  during  a  cardiac  revolution  are  indicated  more  ur  less  completely.  In  all  the  curves,  a  4:s 
auricular  contraciion.  The  auricle,  when  it  contracts,  excites  a  positive  wave  in  the  veins.  The 
clevatiun,  b  c,  is  caused  by  the  large  blood  wave  produced  in  the  veins,  owing  to  the  etnptyil^  of 
the  ventricle.  It  \\  always  greater,  of  course,  in  insulhciencyof  the  tricuspid  val  ves  than  under  nonntl 
circumstances  (Fig.  117,  9  and  10).  In  the  tatter  case,  the  closure  of  the  tricuspid  valve  cauies 
only  a  slight  wave  motion  in  the  auricle.    The  apex,  r,  of  thb  wave  may  be  higher  or  lower,  accord* 
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iag  to  ibe  trniion  jn  the  vein  and  the  pressure  exerted  hy  the  sphygmograph.  As  a.  generftl  role,  ot 
least  one  notch  (4,  5,  6,  t)  foilowi  the  apex,  due  to  the  prompt  closure  of  the  ralvcs  of  the 
pulmonary  artery,  llie  closure  of  the  closely  adjacent  aortic  valves  may  cause  a  small  secondary 
wave  near  to  ^  (wt  in  I  and  2,  d).  The  curve  falls  toward  /,  corresponding  to  the  diastole  of  the 
heati. 

A  well-marked  venous  pulse  occnn  when  the  rigkf  auricle  is  greatly  raHgtsttd,  as  in  cases  of 
iruuffictcmcy  of  the  mitral  valve  or  stenosis  of  the  same  orifice.  In  rare  cases,  in  addition  to  the 
|Milse  in  the  common  jugular  vein,  the  external  jugular,  the  facial,  thyroid,  external  thoracic  veins,  or 
even  the  veins  of  the  upper  and  lower  extremities  may  pulsate.  A  similar  pul&ati<m  must  occur  ia 
the  pulmonary  veins  in  mitral  insufTiciency,  but  of  course  the  result  is  not  vi<«iblc. 

On  rare  occasions,  a  pulse  occurs  in  the  veins  on  the  back  of  the  hand  and  foot,  owin;;  to  the 
arterial  pulse  being  propagated  through  the  capillaries  into  the  veins.  This  may  occur  undernormal 
circumstances,  when  the  peripheral  ends  of  the  arleries  liecome  dilated  and  relaxed  (Qmrnke^t  or 
when  the  blood  pressure  within  these  vessels  rises  rapidly  and  falls  as  suddenly,  as  in  insufRciency 
of  the  aortic  valves. 

In  progressive  effusion  into  the  pericardium  the  carotid  pulse  at  first  becomes  smaller  and  the 
venous  pulse  larger;   lieyond  a  certain  stage  of  pressure  the  latter  ceases  {^RiegtF). 

100.  DISTRIBUTION  OF  THE  BLOOD.— In  the  rabbit,  onc-fourth 
of  the  total  amount  of  the  blood  is  found  in  each  of  the  following :  a,  in  the 
passive  muscles  \  h^  in  the  liver ;  r,  in  the  organs  of  the  circulation  (heart  and 
vessels) ;  d,  in  all  other  parts  together. 

Methods. — The  methods  adopted  do  not  give  exact  results,  j.  Kankc  ligatured  the  parts  during 
life,  removed  them,  and  investigated  the  amount  of  blood  while  the  tissues  were  still  warm. 

Influencing  Conditions. — The  amount  of  blood  is  intlucnced  by  (t)  the  anatomical  dbtriba* 
tion  of  the  vessels  {vMCuhirily  or  the  reverse)  as  a  whole;  (2)  the  diameter  of  the  veswls,  which 
depends  upon  physiolt^eal  causes  |<;)  on  the  blood  pressure  within  the  vessels;  {b)  on  the  condi- 
Cidn  of  ibc  vasomotor  or  vaso -dilator  nerves;  (i")  on  the  condition  of  the  tissues  themselves,/,/., 
ihe  vessels  of  the  intestine  daring  atoorption ;  by  the  vessels  of  muscle  during  muscular  contraction ; 
of  Ttascls  in  iitHamcd  parts. 

Hie  most  important  factor,  however,  is  the  state  of  activity  of  the  organ 
itself;  hence,  the  saying,  "  ubi  irritaiio,  ibi  affluxus."  Wc  may  instance  the 
congestion  of  the  salivary  glands  and  the  gastric  mucous  membrane  during  diges> 
tion,  and  the  increased  vascularity  of  muscles  during  contraction.  As  the  activity 
of  organs  varies  at  different  times,  the  amount  of  blood  in  the  part  or  organ  goes 
hand  in  hand  with  the  variations  in  its  states  of  activity.  When  some  organs  are 
congested,  others  are  at  rest ;  during  digestion,  there  is  muscular  relaxation  and 
less  mental  activity:  violent  muscular  exertion  retards  digestion — during  great 
congestion  of  the  cutaneous  vessels  the  activity  of  the  kidneys  diminishes.  Many 
organs  (heart,  muscles  of  respiration,  certain  ner^*e  centres)  seem  always  to  be  in 
a  nearly  uniform  state  of  activity  and  vascularity.  During  the  activity  of  an  organ, 
the  amount  of  blood  in  it  may  be  increased  30  per  cent.,  nay,  even  47  per  cent. 
The  motor  organs  of  young  muscular  persons  are  relatively  more  vascular  than 
those  of  old  and  feeble  i)ersons  (y.  Ranke).  In  the  condition  of  increased  activity 
a  more  rapid  renewal  of  the  blood  seems  to  occur;  after  muscular  exertion  the 
duration  of  the  circulation  diminishes  {Vierordt). 

During  a  condition  of  mental  activity,  the  carotid  is  dilated,  the  dicrotic  wave  in  the  carotid 
curve  is  increased  [the  radial  shows  the  opposite  condition),  and  the  pulse  is  increased  in  frnjuency 
{Gtey). 

Age— The  iinttepmtni  0/  the  heart  and  large  ^'eisets  determine*  a  diflferent  distribution  of  the 
Mood  in  the  child  from  that  which  obtains  in  the  adult.  The  heart  is  relatively  small  from  infancy 
up  to  puberty,  the  vessels  are  relatively  large;  while  after  puberty  the  heart  is  large,  and  the  vessels 
are  relatively  smaller.  Hence  it  follows  that  the  blood  pressure  in  the  arteries  of  the  systemic 
eircalaiinn  mu^t  be  lower  in  the  child  than  in  the  adult.  The  pulmonary  artery  is  relatively  wide 
in  the  child,  while  the  aona  is  relatively  small :  after  puberty  t>oth  vessels  have  nearly  the  same  st/e. 
Hence,  il  follows  that  the  blood  pressure  in  the  pulmonary  vessels  of  the  child  is  relatively  higher 
ttiac  that  in  the  adult  {BenekeS. 

101.  PLETHYSMOGRAPHY.— In  order  to  estimate  and  register  the 
amount  of  blood  in  a  limb  Mosso  devised  an  instrument  (Fig.  118),  which  he 
termed  a  plethysmograph. 
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It  conusts  of  a  long  cylindrical  glass  vessel,  G,  suited  lo  accommcdale  a  limb.  Tlte  openinc 
throuf;h  which  the  limb  is  introduced  is  closed  with  caoutchouc,  and  the  vessel  is  filled  with  water. 
There  is  an  opening  in  the  side  of  the  vessel  in  which  a  manometer  tube,  611cd  to  a  certain 
height  with  water,  is  fixed.  As  the  arm  is  enlarged  owing  lo  the  increased  supply  of  arterial 
blood  passing  into  it  at  each  pulse  beat,  of  course  the  water  column  in  the  manometer  is  raised. 
Kick  placed  a  tloal  upon  the  surface  of  the  water,  and  tiim  enabled  the  variations  in  the  volume 
of  the  fluid  to  be  inscribed  on  a  revolving  cylinder.  The  curve  obtained  resembled  the  pulse 
curve;  it  was  even  dicrotic.  In  Fig.  118  the  movement  of  the  Bnid  is  represented  as  conveyed  to 
a  Marey's  tambour,  T,  similar  to  the  recording  apparatus  employed  in  Brondgeest's  ponsphygmo- 
graph  (Fig.  76). 

The  cylinder  C  may  be  filled  with  air.  K.ries  fills  it  with  gas  and  connects  the  tube  leading  to 
T  to  a  ga^i  burner.     The  variations  in  the  gas  (lame  are  then  photographed. 

Results. — (i)  Pulsatile  Variations  in  the  Volume. — As  the  venous  cur- 
rent is  regarded  as  uniform  in  the  passive  limb,  every  increase  of  the  volume  curve 
indicates  a  greater  velocity  of  the  arterial  current  toward  the  periphery,  and  vice 
vfrsd  {Fick).  The  curves  registered  by  the  apparatus  are  volume  pulses,  and 
they  resemble  the  curve  of  the  dromograph  (Fig.  113,  III).  The  ascent  of  the 
curve  indicates  a  greater,  the  descent  a  diminished  inflow  of  arterial  blood. 

At  first  sight  the  plethysraograph  curve  (volume  pnlsc,  \  90,  7I  is  very  like  the  pulse  carve 
(pressure  pulse) ;  both  arc  dicrotic.  But  there  are  differences;  the  volume  pulse  curve  beyond  the 
Kptx.  falls  more  rapidly.     This  rapid  fall,  which  is  not  accompaaied  by  a  corresponding  fall  of  the 

pressure,  is  attributed  by  v.  Krics  to  peripheral  rcHexion     '^-  -"= '- "  ■*  ''"" 

volume  pulse  than  in  the  pnlie  curve. 

Fir..  118. 


A 


The  dicrotic  wave  occurs  sooner  in  the 


Mosm/i  pkthyimognpb.    O,  gtau  veud  fnr  hoMing  »  limb  :  f,  Oask  for  varyinf  Lbc  water  pitaaort  is  C  ; 

T,  reConJini;  Apparatus, 

(a)  The  respiratory  undulations  correspond  to  similar  variations  in  the 
blood  pressure  tracing  (§  85,/).  Vigorous  respiration  and  cessation  of  the  respi- 
ration cause  a  diminution  of  the  volume.  The  limb  swell!;  during  straining  and 
coughing,  but  diminishes  during  sighing.  (3)  Certain  periodic  undulations 
occur,  due  lo  the  regular  periodic  contractions  of  the  small  arteries.  (4)  Other 
undulations,  due  to  various  accidental  causes,  affect  the  blood  pressure:  changes 
of  the  position  of  a  limb  acting  hydrostatically,  and  dilatation  or  contraction  of 
the  vessels  in  other  vascular  regions.  (5)  Movement  of  the  muscles  of  the  limb 
under  observation  causes  diminution  of  volume,  as  the  venous  current  is  accele- 
rated, the  musculature  is  also  very  slightly  diminished  in  volume,  even  when  the 
intra>muscular  vessels  arc  dilated.  (6)  Mental  exercise  causes  a  diminution  in  the 
volume  of  the  limb,  and  so  does  sleep  {Mosso).  Musie  influences  the  blood 
pres-sure  in  dogs,  the  pressure  rising  or  falling  under  different  conditions.  The 
stimulation  of  the  auditory  nerve  is  transmitted  to  the  medulla  oblongata,  where 
it  acts  so  as  to  cause  acceleration  of  the  action.of  the  heart  {Dogiei).  (7)  Com- 
pression of  the  afferent  artery  causes  a  decrease,  and  compression  of  the  vein  an 
increase  in  the  volume  of  the  limb  {Mosso).  (8)  Stimulation  of  the  vasomotor 
nerves  causes  a  decrease,  that  of  the  vaso-dilators  an  increase  in  the  volume  {Baw- 
diich  and  Warren). 
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xoa.   TRANSFUSION    OF  BLOOD.— Transfusion  is  the  introduction 

of  blood  from  one  animal  into  the  vascular  system  of  another  animal. 

(a)  The  red  corpuscles  are  the  most  important  elements  in  connection  with 
the  restorative  powers  of  the  blood.  They  seem  to  preserve  their  functions  even 
in  blood  which  has  been  defibrinated  outside  the  body  (§  4,  A). 

(fi)  With  regard  to  the  gases  present  in  the  blood,  arterial  blood  never  acts 
injuriously ;  but  venous  blood  overcharged  with  carbonic  acid  ought  only  to  be 
transfused  when  the  respiration  is  sufficient  to  oxygenate  the  blood  as  it  passes 
through  the  pulmonary  capillaries,  whereby  venous  is  transformed  into  arterial 
blood.  If  the  respiratory  movements  have  ceased,  or  are  imperfectly  performed, 
the  blood  becomes  rapidly  richer  in  carbonic  acid,  and  in  this  condition  reaches 
the  heart ;  thence  it  is  propelled  into  the  blood  vessels  of  the  medulla  oblongata, 
where  it  acts  as  a  powerful  stimulus  of  the  respiratory  centre,  causing  dyspncea, 
convulsions,  and  death. 

{<)  The  fibrin,  and  the  substances  from  which  it  is  formed,  do  not  seem  to 
play  any  part  in  connection  with  the  restorative  powers  of  the  blood  ;  hence  dc- 
5brinated  blood  performs  all  the  functions  of  non-deftbrinated  blood  within  the 
body  {Panum,  Landots). 

id)  The  investigations  of  Worm  Milller  showed  that  an  excess  of  8.^  percent. 
of  blood  may  be  transfused  into  the  vascular  system  of  an  animal  (dog)  without 
producing  any  injurious  effects.  Hence  it  follows  that  the  vascular  system  has  the 
power  of  accommodating  large  quantities  of  blood  within  it.  That  the  vascular 
system  can  accommodate  itself  to  a  diminished  amount  of  blood  has  been  known 
for  a  long  time  (§  85,  r).  [It  is  very  important  to  observe  that  the  transfusion 
of  a  large  quantity  of  blood  docs  not  materially  or  permanently  raise  the  blood 
pressure.] 

When  Employed. — The  transfusion  of  blood  is  used  (s)  in  acute  anaemia 
(§  41,  I),  e.g,^  after  copious  hemorrhage.  New  blood  (150  to  500  c.  c),  from 
the  same  species  of  animal,  is  introduced  directly  into  the  vessels,  to  supply  the 
place  of  the  blood  lost  by  the  hemorrhage. 

(2)  In  cases  of  poisoning,  where  the  blood  has  been  rendered  useless  by 
being  mixed  with  a  jxjisonous  Mibstance,  atid  hence  is  unable  to  support  life.  In 
such  cases  remove  a  considerable  quantity  of  the  blood,  and  replace  it  by  fresh 
blood.  Carbonic  oxide  is  a  poison  of  this  kind,  and  its  effects  on  the  body  have 
already  been  described  (§  16).  A  similar  practice  is  indicated  in  poisoning  with 
ether,  chloral,  chloroform,  opium,  morphia,  strychnine,  cobra  poison,  and  such 
substances  as  dissolve  the  blood  corpuscles,  e.g..,  polassic  chlorate. 

(3)  Under  certain  pathological  conditions,  the  blood  may  become  so  altered 
in  quality  as  to  be  unable  to  support  life.  The  morphological  elements  of  the 
blood  may  be  altered,  and  so  may  the  relative  proportion  of  its  other  constituents. 
Among  these  conditions  may  be  cited  the  pathological  condition  of  uricmia,  due, 
it  may  be,  to  the  accumulation  of  urea  or  the  products  of  its  decomposition  within 
the  blood ;  accumulation  of  the  biliary  constituents  in  the  blood,  and  great 
increase  of  the  carbonic  acid.  All  these  three  conditions,  when  very  pronounced, 
may  cause  death.  In  these  cases,  part  of  the  impure  blood  may  be  replaced  by 
normal  human  blood. 

Among  conditions  where  the  tnorphohgical  constituents  of  the  blood  are  altered 
qualitatively  or  quantitatively  are:  hydrsemia  (excessive  amount  of  water  in  the 
blood,  §  41,  i);  oligocythjemia  (abnormal  diminution  of  red  blood  corpuscles). 
When  these  conditions  arc  highly  developed,  more  esi>ecially  in  pernicious 
anxmia  (§  10,  2),  healthy  blood  may  be  substituted.  Transfusion  is  not  suited 
for  persons  suffering  from  leukemia  (comiure  p.  59). 

After-Effects. — A  quarter  or  half  an  hour  after  normal  blood  has  been 
injected  into  the  blood  vessels  of  a  man,  there  is  a  greater  or  less  febriie  reaction^ 
according  to  the  amount  of  blood  transfused  (Fever,  §  320). 
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Operation. — The  operative  procedure  to  be  adopted  in  the  process  of  transfuMon  Tarie*  accordioi^ 
as  dcfibrinalcd  or  non-detihrinntcd  blood  is  used.  In  order  lo  detibrinaie  blood,  some  blood  is 
witlidrawD  from  a  vein  of  a  healthy  man  in  the  ordinary  wajr,  collected  in  an  open  veacl«  and 
whipped  or  beaten  with  a  glass  rod  until  all  the  fibrin  is  completely  removed  from  it.  It  is  iheo 
iiliered  through  an  atlas  Biter,  heated  to  the  temperature  of  the  body  (by  placing  it  in  a  vessel  in 
warm  water),  and  injected  by  means  of  a  syrtn{;e  into  an  artery  opened  for  the  purpoae.  A  vein 
(e.^.,  basilic  or  great  saphenous)  may  be  selected  for  the  transfusion,  in  which  case  the  blood  is 
driven  inward  in  the  direction  of  the  heart;  if  an  arlcry  is  seleacd  {radial  or  posterior  Ubial)  the 
blood  is  injected  toward  the  periphery  {tiiiUr),  or  toward  the  heart  i^Land&is^  Sik&fer). 

If  non-defibrinated  human  blood  is  used,  the  blood  may  he  pa&sed  directly  from  the  arm  of 
the  f;iver  lo  the  arm  of  the  receiver  by  means  of  a  flexible  tube.  The  tube  used  must  be  tilled  with 
Dormal  saline  solution  to  prevent  tlic  entrance  of  air.  [J.  Duncan  collects  the  blood  shed  durio^ 
an  operation  in  a  5  per  cent,  solution  of  sodic  phosphate  ^Pavy),  and  mjects  the  mixture  especially 
where  much  blood  has  been  lost  previously.] 

Dangers. — It  is  most  important  that  no  air  be  allowed  to  pass  into  the  circulation*  for  if  ti  be 
introduced  in  sufficient  quantity  it  may  cause  death.  When  air  enters  the  circulation  it  reaches 
the  right  side  of  the  heart,  where,  owing  to  the  movement  of  the  blood,  it  forms  air  bubbles  and 
makes  a  ftoth.  The  air-bubbles  are  pumped  into  the  branches  of  the  pulmonary  artery,  in  which 
they  become  impacted,  arrest  the  pubnonary  circulation,  and  rapidly  cause  death. 

Peritoneal  Transfusion. — Recently,  the  injection  of  dcfibrinated  blood  into  the  ptrUemtol 
cavity  has  been  recommended.  The  blood  so  injected  is  absorbed  (/V/i/fr/-).  Even  after  tweo^ 
minutes  the  number  of  blood  corpuscles  in  the  blood  of  the  recipient  (rabbit)  is  increased,  aod  the 
number  is  greatest  on  the  lirst  or  second  day.  The  operation,  however,  may  cause  death,  and  one 
fatal  CiL-w,  owing  to  peritonitis,  is  recorded  {Moiler).  It  is  evident  that  this  method  of  transfusion 
is  not  applicable  in  cases  where  blood  must  tje  introduced  into  the  circulation  as  rapidly  as  ponible 
(c.^.,  after  severe  hemorrhage  or  in  certain  cases  of  poisoning).  [Blood  has  been  injected  into  the 
subcutaneous  cellular  tisAuc  of  the  abdomen  in  cases  of  great  debility.] 

Heterogeneous  Blood.— 7*4^  blond  of  animals  ought  nrvfr  to  h<  tram/used  into  tkt  ttotd 
vessels  of  man.  It  is  to  be  remembered,  however,  that  the  blood  corpuscles  of  the  sheep  are 
rapidly  dissolved  by  human  blood,  so  that  the  active  constituents  of  the  blood  are  rendered  uselcv 
[LaHdois).  As  a  general  rule,  the  blood  serum  of  some  mammals  dissolves  the  blood  corpuscles 
of  other  mammals  (^  5.  5). 

Solution  of  the  Blood  Corpuscles. — The  serum  of  dog's  blood  is  a  powerful  solvent,  wliile 
that  of  the  blood  of  the  horse  and  rabbit  dissolves  corpuscles  relatively  slowly.  The  blood  cor* 
pusclcs  of  mammals  vary  veiy  grcMly  with  reference  to  their  power  lo  resist  the  solvent  action  of 
the  serum  of  other  animals.  The  red  blood  corpuscles  of  rabbits'  blood  are  rapidly  dissolved  by 
(he  blood  serum  of  other  animals,  while  those  of  the  cat  and  dog  resist  the  solvent  action  much 
longer.  Solution  of  the  corpuscles  occurs  in  defibrinated  as  well  us  in  oniinary  blood.  When  the 
blood  of  a  rabbit  or  lamb  is  iujeaed  into  the  blood  vessels  of  a  dog,  the  red  blood  corpuscles  are 
dis-soKed  in  a  few  minutes.  If  blood  Ik;  withdrawn  by  pricking  Ine  skin  with  a  needle,  the  par* 
tiatly  dissolved  corpuscles  may  be  detected. 

Liberation  of  Hsemoglobin  and  HKmogloblnuria. — .\s  a  result  of  the  solution  of  the  colored 
corpuscles,  the  blo^xl  plasma  is  reddened  by  ihe  librratcd  iKi-moglobin.  I'art  of  the  dissolved 
material  may  be  used  up  in  the  body  of  the  recipient,  some  of  h  for  the  formation  of  bile,  hut 
if  ihc  solution  of  the  corpuscles  has  been  extensive,  the  hxmc^lobin  is  excreted  in  iht  urine 
(h.Tmoglobinurial,  in  less  amount  in  the  intestine,  the  bronchi,  and  the  serous  cavities.  Bloody 
urine  has  been  observed  in  man  after  the  injection  of  fcx>  grammes  of  lamb's  blood.  Even  some 
of  Ihe  recipient's  blood  corpuscles  are  dissolved  by  the  serum  of  the  transfused  blood,  <.^.,  on 
transfusing  dog's  blootl  into  man.  In  the  rabbit,  whose  corpuscles  are  readily  dissolveoT,  the 
traiufusion  of  the  blooti  strum  of  the  dog,  man,  pig,  sheep,  or  cat  produces  serious  symptoms,  and 
even  death.  The  dog,  whose  corpuscles  are  more  resistant,  bears  transfusion  of  cklier  kinds  of 
blood  well. 

Dangers. — When  foreign  or  heterogeneous  blood  (1.  ^.,  blood  from  a  different  species)  is  trans- 
fused, two  phenomena  which  may  be  dangerous  lo  life  occur: —  ■ 

(1)  Before  the  corpuscles  are  dissolved,  they  usually  run  together  and  form  Micky  masses,  coiw  ' 
sisting  of  10  or  12  corpuscles,  which  are  apt  to  occlude  the  capillaries.     After  a  liroe  they  give 
up  their  haemoglobin,  leaving  the  stroma,  which  yields  a  sticky,  fibrin-like  mass  that  may  occlude 
fine  vessels  ({  31). 

(2j  The  presence  of  a  large  quantity  of  dissolved  h.-emog1obin  may  cau«e  extensive  coagulation 
within  the  blood  vessels.  The  iojection  of  dissolved  harmoglobin  causes  extensive  coagulatioiu 
{^Naunyn  and  Francken). 

The  coagulation  occurs  usually  in  the  venous  system  and  in  the  larger  vessels,  and  may  cause 
death  either  suddenly  or  after  a  considerable  time. 

Dissolved  harmoglobin  seems  greatly  to  increase  the  activity  of  the  ftbrin-fermenl  (J  jo).  perhaps 
by  accelerating  the  disintegration  of  the  colorless  corpuscles.     Hzmoglohin  exposed  to  the  air 
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KTBduAlty  loics  ihis  property;  and  the  fibrin- rerment,  when  in  contact  with  haemoglobin,  is  cither 
acstrojrcd  or  rendered  IrsK  active  [SafAuenJaA/), 

VaftCuUr  SymptomB. — As  a  result  of  the  above- nameH  cau&es  of  occlusion  of  the  vessels. 
there  a,re  often  signs  of  Ilie  circulation  being  impeded  in  various  organs.  In  man,  after  transfusion 
of  larahs*  blood,  the  skin  is  bluishred,  in  consequence  of  the  stagnation  of  blood  in  the  cotaneous 
Teasels.  Difncully  of  breathing  occurs  from  obstruction  in  the  capillaries  of  the  lung;  while  there 
may  be  rupture  of  small  bronchial  vcsseU,  causing  sanguineous  exjiectoraiion.  Tlie  dyspnoea  may 
increase,  especially  when  the  circulation  through  the  medulla  oblongata — the  seal  of  the  respiratory 
centre — is  interfered  with.  In  the  digestive  tract,  for  the  same  reason,  increaud ^trislaiiis^  evacua- 
tion of  the  contents  of  the  rectum,  vnmilini;,  and  alxlnminal  pain  may  occur.  These  phenomena 
arc  explained  by  the  fact  that  disturbances  of  the  circulation  in  the  intestinal  vessels  cause  iticrcostd 
peristaltic  movements.  LJegcncrnticm  of  the  parencliyma  of  the  kidmy  occurs  as  a  result  of  the 
occltuion  of  some  of  the  renal  vessels.  The  uriuiferous  tubules  liecome  plugged  with  cylinder! 
of  coi^uloled  albumin  {^Ponfick').  Owing  to  the  occlusion  of  numerous  small  muscular  branches, 
the  musdcs  may  become  suflf,  or  coagulation  of  their  myosin  may  occur.  Other  symptoms,  refer- 
able to  the  neri'ous  sysirm^  sense  orf^ans^  and  hearty  are  all  due  to  Oie  interference  with  the  circula- 
ttoQ  throngh  tbem.  An  important  symptom  is  the  occurrence  of  a  considerable  amount  of  fever 
half  an  hour  or  so  after  the  tranifusion  of  heterogeneous  blood  \^\  200).  When  many  vessels 
ore  occluded,  rupture  of  some  small  blood  vessels  may  take  place.  This  explains  the  occurrence 
of  slight,  yet  [Krsislcnt  hemorrhages,  which  occur  on  the  free  surfaces  of  the  mucous  and  serous 
membranes,  and  in  the  parenchyma  of  organs,  as  well  as  in  wounds.  The  blood  coagulates  with 
difBculty,  and  imperfectly. 

Transfusion  of  other  Fluids. — Other  substances  have  been  transfused.  Normal  saline  solu- 
tion [0.6  per  cent.  NaCl),  or  serum  from  the  same  species,  aids  the  circulation  in  a  purely 
mechanical  way  {Golti),  and  it  even  excites  the  circulation  (Kronecker).  In  severe  aiucmia  this 
fmd  cannot  maintain  life  {EuUnbHr^  and  Landois).  The  injection  of  peptone,  even  in  moderate 
UBounl,  is  dangerous  to  life,  as  it  causes  paralysis  of  the  vessel!!  (p.  73). 
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103.— I.  THE  SPLEEN.— Slraclure.— The  spleen  is  covered  by  the  periloneum.  except  ■! 
the  hilum.     Umlcr  ihts  BcrouB  covering  ihwc  U  ft  lough,  ihick,  elastic,   fibrons  capsule,  which 

closely  invests  the  organ  and  gives  u  coveriog  to 
Fig.    119.  the  vessels  which  enter  or  leave  it  at  Ihehilum.io 

thai  5brous  tissue  is  carried  into  the  organ  along 
the  course  of  the  vessel.*  (Mg.  1 19).  [The  capsule 
cannot  be  separated  without  tearing  the  splenic 
pulp.]  Numerous  trabeculse  pa.ss  into  the  spleen 
from  the  deep  surface  of  the  capsule,  where  thev 
branch  and  anastomose  so  as  to  produce  a  net wotk 
of  ttustentacular  tissue,  which  is  continuous  with 
the  connective  tissue,  prolonged  inward  and  sur- 
rounding the  blood  vessels  (Fig.  120).  Thus. (he 
oonneciive  tissue  in  the  spleen,  as  in  other  viscera, 
is  continuous  ihroaghout  the  organ.  In  this  way 
an  irregular  dense  network  is  formed,  comparable 
to  (he  meshes  of  a  bath  sponge.  [This  network 
is  easily  demonstrated  by  waMhtng  out  the  pulp 
lying  in  its  tneshes  by  means  of  a  stream  of  water, 
when  a  Iwautiful,  soft,  semi>elastic  network  or 
framework  of  rounded  and  flattened  threads  is 
oUained.]  The  capsule  (Fig.  119)  is  composed 
of  interlacing  bundles  of  connective  tissue  mixed 
with  numerous  (iue  fibres  of  elastic  tissue  and 
M>ine  noH'Striped  muiicular  fibres. 

Reticulum,— Within  the  meshes  of  the  trabe- 
cular framework  there  is  dtsposed  a  very  delicate 
network  or  reticulum  of  adenoid  tiuuc,  which, 
with  the  other  colored  elements  that  fill  up  the 
meshes,  constitutes  the  splenic  pulp  fHg.  iii). 
The  reticulum  is  continuous  with  the  fibres  of  the 
trabccula*.  [If  a  fine  section  of  the  spleen  be 
"penciled"  in  water, so  as  to  remove  the  cellular 
elements,  the  preparation  presents  much  the  same 
characters  as  a  section  of  a  lymph  gland  similarly 
treated,  viz.,  a  very  fine  network  of  adenoid  tissue,  continuous  with,  arid  sarrounding  the  walls  of, 
the  blood  ve:ssels.     The  spaces  of  this  tissue  are  filled  with  lymph  and  blood  corpuscles.] 

The  pulp  is  a  dark,  reddish -colored,  semi-Buid  material,  which  may  be  squeeted  or  washed  oat 
of  the  meshes  in  which  it  lies.  It  contains  a  large  numl)er  of  colored  blood  corpuscles,  and  becomes 
brighter  when  it  is  exposed  to  the  action  of  the  oxygen  of  the  air. 

Blood  Vessels  and  Malpighian  Corpuscles. — The  targe  splenic  artery,  accompanied  by  a 
vein,  5plitJ>  up  Into  several  branches  before  it  enters  the  spleen.  Both  vessels  and  their  branches 
are  enclosed  in  a  fibrous  sheath,  which  becomes  continuous  with  the  trabecule.  The  smaller 
branches  of  the  artery  gradually-lose  this  fibrous  investment,  and  each  one  ultimately  divides  iuto 
a  group  or  pencil  of  arterioles  or  penicilli,  urAicA  do  not  anastomoie  jviih  inch  ether.  [Thus  each 
branch  is  terminal — a  condition  which  is  of  great  importance  in  connection  with  (he  palbology  of 
embolism  or  infarction  of  the  vessels  of  the  spleen.]  At  the  points  of  division  of  ibe  braocbcs  of 
the  anery*  or  scattered  along  their  course,  are  small  oval  or  globular  masses  of  adenoid  tissue  (t^  lo 
3^  inch  in  diameter),  the  Malpighian  corpuscles.  [These  bodies  arc  visible  to  the  naked  eye 
as  small,  round,  or  oval  while  structures,  about  the  size  of  millet  seed,  in  a  section  of  a  fresh 
spleen.  They  arc  very  numerous — [70,000  in  man] — and  are  readily  detected  in  the  dark  re<ldLsh 
pulp.  One  must  be  careful  not  to  mistake  sections  of  the  trabecule  for  them.  These  corpuscles 
consist  of  adenoid  tissue,  whose  meshes  are  filled  with  lymph  corpuscles,  and  they  present  csactly 
the  same  structure  as  the  solitary  follicles  of  the  intestine  \\  197).     I'hey  are  small  lymc 
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■ccDinulations  around  the  arteries — periarterial  masses  of  adenoid  tissue  similar  lo  those  masses 
that  occur  in  a  slightly  different  form  in  other  o^ans,  e.  g.,  the  lungs.  In  a  section  of  the  spleen 
the  artery  may  pass  Lhroogh  the  centre  of  the  tnas!)  or  through  one  side  of  it,  and  in  some  cases  tlie 
tissue  is  collected  unequally  on  opposite  sides  of  the  vessel,  so  that  it  is  lop-sided.  They  are  not 
inrrouiidcd  by  any  special  envelope.  In  some  animals  the  lymphatic  tissue  is  continued  fur  some 
duunce  along  the  small  arteries,  so  that  to  some  extent  it  resembles  a  perivascular  sheath  of  ade* 

Fia.  130. 


Fig.  til:. 


)©; 


rv 


*^^kj^ 
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nold  tiasoe.  In  a  well-injected  S|deen,afew  fine  capillaries  are  to  be  found  within  these  corpuscles. 
The  capillaries  distributed  in  the  substance  of  the  Malpighian  corpuscle  (Fig.  122)  form  a  network, 
ud  ultimately  poor  their  blood  into  the  spaces  in  the  pulp.  According  to  Cadiat,  the  corpuscles 
trcteparucd  from  the  splenic  pulp  by  a  lymphatic  sinus,  which  is  tiavcrsed  by  eifereot  capillaries 
fUROgto  Uie  pulp  (Kig.  122).] 

Connection  of  Arteries  and  Veins. — It  is  very  dllficult  tn  determine  what  is  the  exact  mode 
odcrsiinattonof  the  nrterieswithiii  the  spleen, 
nte  especially  as  it  is  extremely  difficult  to  Fk;.  122. 

iD|(Ct  itw  blood  vessels  of  the  spleen.  Accord- 

iiglo  Stieda  and  others,  the  fine  "  capillary 

intties'*  formed  by  the  division  of  the  sm.-ill 

inchci  do  not  open  directly  into  tlie  cnpillary 

»nni,  bol  the  connectinn  between  the  arteries 

ud  rein»  it  by  means  of  the  *'  intermediary 

iBlcrcellular  spaces"  of   the  reticulum  cf 

i^  ipleen,  to   that,   according   to  this   view, 

t^  is  no  continuous  channel  lined  ihrough- 

*W  by  epithelium  connecting  these  vessels  one 

*ill>  inoihcr.    Thus  the  blood  of  the  spleen 

■>*■  Iflto  the  spaces  of  the  adenoid  reticulum 

]■*  M  the  lymph  stream  6ows  through  the 

'P*ea  in  a  lymph  gland,     .\ccording  to  Bill- 

mbaod  K^lliker,  a  closed  blood  channel  act- 

••Hyiloes  exbt  beiween  the  capillary  arteries 

■^  6e  veins,    consisting   of  dilated   spaces 

{■inilsr  to  those  of  erectile  tissue).     These 

J<WDediary  spaces  are  said  lo  lie  complclely 

■"•d  by  spindle-shaped    epithelium,   which 

•*■••  Oteraally  on  the  reticulum  of  the  pulp.   ,  ,  .  , 

^«j  .0  Frer,  owing  ,o  ,h.  wall,  of  .h.  ""'^'^JiZ^T^^'.^^^^ll^tT.^'V::^;  ^l'^''^^ 

"jnWW  vessels  being  mcomplcle,  there   being  v\a<Xc  r*.mifying  m  iV  lyinphatic  tiuuc  compoaina  «. 

«"■  or  spaces  between  the  cells  composing 

"••.the  blood  passes  freely  into  spaces  of  the  adenoid  tissue  of  the  pulp  "in  the  same  way 
"Ae  water  of  a  river  finds  its  way  among  the  pebbles  of  Its  bed,"  these  '*  tnierniediary  pass- 
Hn"  being  bounded  directly  by  the  cells  andfibresof  the  network  of  the  palp.  From  these  passages 
I"*  *enoas  radical  arise.  At  first,  their  walls  arc  imperfect  and  cribriform,  and  they  often  present 
P^br  mnsrene  markings,  due  lo  the  circular  disposition  of  the  ela.<itic  fibres  of  the  reticulum. 
Tlrt  Mall  veins  have  at  first  a  different  course  from  the  arteries.  They  anastomose  freely,  but  they 
■* become  enshealhed,  and  accompany  the  arteries  in  their  course.] 

'3 
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Elements  of  the  Pulp  (Fig.  123.) — ^The  morphological  cleinenu  are  very  vtrioai — (l)  Lymph 
CoipuBclcs  of  variouK  sizes,  sometimes  |)artly  swollen,  and  at  other  limes  with  granular  conlents.  {2j 
Red  blood  corpuscles.  (3)  Transition  forms  between  1  and  2  falthough  this  is  denied  by  tome 
observers  ({  7,  C}].  (4)  Cells  containing  red  blood  corpuscles  ana  pigment  granules.  [These  cells 
exhibit  amoplmid  movements.]     (Compare  J  8.) 

[Lymphatics  undoubtedly  arise  within  the  spleen,  but  they  are  not  numerous.  There  are  two 
systems — a  superBcial  or  capsular,  and  trabecular  system  ;  and  a  perivascular  set.  The  superflctal 
lymphatics  in  the  capsule  are  rather  more  numerous.  Some  of  them  seem  to  communicate  with  the 
lymphatics  within  the  organ  [Tomsa  KUlliitr).  In  the  horse's  spleen  they  communicate  with  the 
lymphatics  in  the  trabecuLe,  and  with  the  perivascular  lymphatics.  The  exact  mode  of  origin  of 
the  perivascular  system  is  unknown,  but  in  part  at  least  it  begins  in  the  spaces  of  the  adenoid 
tissue  of  the  Malpighian  corpuscles  and  periviscular  adenoid  tissue,  and  runs  along  the  arteries 
toward  the  hilum.  There  jseem  to  be  no  afferent  lymphatics  iu  the  spleen  such  as  exUl  in  a  lym- 
phatic gtand. 

The  nerves  of  the  spleen  arc  composed  for  the  most  part  of  non-mcdullated  nerve  fibres,  and 

run  along  with  the  artery.     Their  exact    mode  of  termination  is  un- 

Ftc.  (23.  known,  but  they  probably  go  to  the  blood  vessels  and  to  the  muscular 

tissue  in  the  cajwule  and  trabeculie.     [They  are  well   seen  in  the 

M''  spleen  of  the  ox,  and  iti  their  course  very  small  ganglia,  placed  wide 

K  |i^    ,        ajmrt,  have  been  found  by  Remak  and  W.  Stirling.] 

H    '    vSht  Chemical  Composition. — Several  of  the  more  highly  oxidixed 

^^fc      w         ^SSf^  stages  of  albuminous  bodies  exist  in  the  spleen.     Besides  the  ordln- 

^O^   J     ^        J-.  ary  constituents  of  the  blood,  there  exist  leucin,  tyrosin,    xanthin. 

I  i^-      »      WW        hypoxamhint  lactic,  butyric,  acetic,  formic,  succinic,  and  uric  acids, 

f_^tr^  ^  ^       \y        ^"''  perhaps  glycero-phosplioric  acid    {^Saiktnvski ) ;    cholcstcriii.  a 

gluten-like  body,  tDosit,  a  pigment  containing   iron,  and   even   free 

iron  oxide  {AVassf).     The  ash  is  rich  in  phosphoric  acid  and  iron  (p. 

195) — poor  in  chlorine  compounds.     The  splenic  juice  is  alkaline  in 

reaction  ;  the  specific  gravity  of  the  spleen  —  1059-1066. 

The  functions  of  the  spleen  are  obscure,  bat  we 
know  .some  facts  on  which  to  form  a  theory.  [The 
spleen  differs  from  other  organs  in  that  no  very  apparent 
effect  is  produced  by  it,  so  that  we  must  determine  its 
uses  in  the  economy  from  a  consideration  of  such  facts 
as  the  following;  (1)  The  effects  of  its  removal  or  ex- 
tirpation. (2)  The  changes  which  the  blood  undergoes 
{3)  Its  chemical  composition.  (4)  The  results  of  experi- 
ments upon  it.     (5)  The  effects  of  diseases.] 

(x)  Extirpation. — The  spleen  may  be  removed  from  an  animal — old  or  young 
— without  the  organism  suffering  any  very  obvious  change  {GaUn).  The  human 
spleen  has  been  successfully  removed  by  Koder/e,  Pfan,  and  othcre.  As  a  result 
(compensatory?)  the  lymphatic  glands  enlarge,  but  not  constantly,  while  the 
blood-forming  activity  of  the  red  marrow  of  bone  is  increased.  Small  brownish- 
red  patches  were  observed  in  the  intestines  of  frogs  after  extirpation  of  the  spleen. 
These  new  formations  are  regarded  by  some  observers  as  compensatory  organs. 
TizKoni  asserts  that  new  splenic  structures  arc  formed  in  the  omentum  (horse, 
dog)  after  the  destruction  of  the  parenchytna  and  blood  vessels  of  the  spleen. 
The  spleen  is  absent  extremely  seldom. 

[The  weight  of  the  animal  (dog)  diminishes  after  the  operation,  hut  afier\vard  increases.  The 
number  of  red  blood  corpuscles  is  lessened,  reaching  its  miaiinum  aL>uut  the  1 50th  to  the  aooth  day, 
while  the  colorless  corpuscles  arc  mcreascd  in  number.  The  lymphatic  glands  (especially  the  in- 
Icmal,  and  those  in  the  neck,  mesentery,  and  groin)  enlarge,  while  on  section  the  conical  substance 
of  these  structures  is  redder,  owing  to  the  great  number  of  red  corpuscles,  many  of  them  are  nu 
cleated  in  the  lymph  spaces  ((/i'^scm).  The  marrow  of  all  the  long  bones  (those  of  the  foot  ex- 
cepted), becomes  very  red  and  soil,  with  the  characters  of  embryonic  bone-mnrmw.  Such  aninub 
withstand  hemorrhage  (to  *4  °^  ^^^  ^''^^^  amount  of  blood)  without  any  specially  bad  results 
(T&som/,  WincpraJew),  Schindeler  observed  that  animals  after  extirpation  of  the  spleco  became 
very  ravenous] 

[Regeneration. — After  entire  removal  of  the  spleen,  nodules  of  splenic  tissue  are  reproduced 
(fox) ;  while  new  adenoid  tissue  is  formed  in  the  lymphatic  glands,  and  in  Peyer's  patches,  tb^ 
renchymaof  the  former  coming  to  resemble  splenic  tissue  (  Tlitoni,  EttrmoJ.)"] 


Eiernenln  of  human  kpleuic  pulp, 
I ,  colorlos  c«tlt ;  3,cnilotbir- 
llum  ;  ),  colarcd  blood  cor- 
puscle* ;  4,  cellt  contuiiiing 
KtoouIm,  the  upper  one  wlin 
a  colorlcH  blood  corpuscle,  h, 
cncloied. 

as  it  passes  through  it. 
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(2)  According  to  Gerlach  and  Funke  the  spleen  Is  a  blood-forming  gland. 
The  blood  of  the  splenic  vein  contains  far  more  colorless  corpuscles  than  the  blood 
of  the  splenic  artery  (p.  55).  Many  of  these  corpuscles  undergo  fatty  degenera- 
tion, and  disappear  in  the  blood  stream.  That  colorless  blood  corijuscles  are 
formed  within  the  spleen  seems  to  be  proved  by  the  enormous  numl>er  of  these 
corpuscles  which  are  found  in  the  blood  in  cases  of  leukiemia  (^/«ni'//f  185a), 
Virchaw).  Bizzozero  and  Salvioli  found  that,  several  days  after  severe  nemor- 
rhage,  the  spleen  became  enlarged,  and  its  parenchyma  contained  numerous  red 
nucleated  hsematoblasts. 
I  (3)  Other  observers  {KolUker  and  Ecker)  regard  the  spleen  as  an  organ  in  which 
colored  blood  corpuscles  are  destroyed,  and  they  consider  the  large  proto- 
plasmic cells  containing  pigment  granules  as  a  proof  of  this  (p.  53^  According 
to  the  observations  of  Kusnetzow,  these  structures  are  merely  lymph  corpuscles, 
which,  in  virtue  of  their  amr^^boid  movements,  have  entangled  colored  blood  cor- 
puscles. [Such  corpuscles  exhibit  similar  properties  when  placed  upon  a  warm 
stage.]  Similar  cells  occur  in  extravasations  of  blood.  The  colored  blood  cor- 
puscles within  the  lymph  cells  gradually  become  disintegrated,  and  give  rise  to  the 
production  of  granules  of  hxmatin  and  other  derivatives  of  haemoglobin.  [The 
spleen  contains  so  mucli  free  iron  that  a  section  of  this  organ,  especially  from  a 
young  animal,  when  treated  with  Tizzoni's  fluid,  /'.  tf.,wiih  potassic  ferrocyanide 
and  hydrochloric  acid,  gives  a  distinct  blue  color  (§  174,  4).]  Hence,  the  spleen 
contains  more  iron  than  corresponds  to  the  amount  of  blood  present  in  it.  When 
we  consider  that  the  spleen  contains  a  large  number  of  extractives  derived  from 
the  decomposition  of  protcids,  it  is  very  probable  that  colored  blood  corpuscles 
are  destroyed  in  the  spleen.  Further,  the  juice  of  the  spleen  contains  salts  similar 
to  those  that  occur  in  the  red  blood  corpuscles. 

The  blocxi  fnsot  the  spleen  i<t  said  to  have  undergone  other  changes,  but  the  following  statement 
out  be  accepted  with  caution :  The  blood  of  the  splenic  vein  coniains  more  water  and  libria.  its 
ted  blood  corpuscles  are  smaller,  brighler,  less  fattened,  more  resistant,  and  do  not  form  rnnlcanx ; 
ill  haFmoglobin  crystalUzes  more  easily,  and  there  is  a  large  propartion  of  O  during  digestioD. 

(The  spleen  has  therefore  very  direct  relations  to  the  blood ;  in  it  colored  blood 
corpuscles  undergo  disintegration,  it  produces  colorless  corpuscles,  and  it  is  said 
lo  transform  white  corpu.scles  into  red.] 

(4!  Contraction. — In  virtue  of  the  plain  muscular  fibres  in  its  capsule  and 
txibcculs,  the  spleen  undergoes  variations  in  its  volume.  Stimulation  of  the  spleen 
ot  its  nerves,  by  cold,  electricity,  quinine,  eucalyptus,  ergot  of  rye,  and  other 
"splenic  reagents"  causes  it  to  contract,  whereby  it  becomes  paler,  and  its 
wrfece  may  even  appear  granular.  After  a  meaty  the  spleen  increases  in  size,  and 
it  is  usually  largest  about  five  hours  after  digestion  has  begun,  i.  a,  at  a  time  when 
>Hc  digestive  organs  have  almost  finished  their  work,  and  have  again  become  less 
WKolar.  After  a  time  it  regains  its  original  volume.  For  this  reason  the  spleen 
*<B  formerly  regarded  as  an  apparatus  for  regulating  the  amount  of  blood  in  the 
(ligcstive  organs.  [The  congestion  of  the  spleen  after  a  meal  is  more  probably 
^led  to  the  formation  of  new  colorless  corpuscles  than  to  the  destniction  of  red 
corptocles.  It  may  be,  however,  that  some  of  the  products  of  digestion  are  par- 
P*lly  acted  upon  in  the  spleen,  and  undergo  further  change  in  the  liver.]  There 
B  »  relation  between  the  size  of  the  spleen  and  that  of  the  liver,  for  it  is  found 
"^  when  the  spleen  contracts — r,  g.,  by  stimulation  of  its  nerves — the  liver 
t'^incs  enlarged,  as  if  it  were  injected  with  more  blood  than  v&M2\{Drosdow  and 
^iichetschkaroiv). 

[Oncograph. — Botkin.  and  more  recently  Roy,  have  studied  various  conditions 
•»'ch  affect  the  size  of  the  spleen.  Roy  enclosed  the  spleen  of  a  dog  in  a  box 
■i'h  ngid  walls,  the  oncograph  (o^x"C,  volume),  and  filled  with  oil  after  the  manner 
oClhc  plethysraograph  (§§  loi,  276}.  Any  variations  in  the  size  of  the  organ 
^'oseda  variation  in  the  amount  of  oil  within  the  box,  and  these  variations  were 
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recorded.  The  blood  pressure  was  recorded  at  the  same  time.  The  circulatioa 
through  the  spleen  is  peculiar,  and  is  not  due  to  the  blood  pressure  within  the 
arteries,  but  is  carried  on  chiefly  by  a  rhythmical  contraction  of  the  muscular 
fibres  of  the  capsule  and  trabcculoe.  The  spleen  undergoes  very  regular  rhyth- 
mical contractions  (systole)  and  dilatations  (diastole).  This  alternation  of 
systple  and  diastole  may  last  for  hours,  and  the  two  events  together  occupy  about 
one  minute  (Fig.  124).  Changes  in  the  arterial  blood  pressure  have  comparatively 
little  influence  on  the  volume  of  the  spiecn.  The  rhythmical  contractions,  although 
modified,  still  go  on  after  section  of  the  splenic  nerves.  This  would  seem  to 
indicate  that  the  spleen  has  an  independent  (nervous)  mechanism  within  itself, 
causing  its  movements.] 

[Influence  of  Nerves. — Section  of  the  splenic  nerves  is  followed  by  an 
increase  in  the  size  of  the  spleen.  The  nerves  have  their  centre  in  the  medulla 
oblongata.  Stimulation  of  the  medulla  oblongata,  either  directly  or  by  means  of 
asphyxiated  blood,  causes  contraction  of  the  spleen,  hence  the  spleen  is  '*  small 
and  contracted"  in  death  from  a.sphyxia.     The  fibres  proceed  down  the  cord, 

Fra.  124. 


UlonH   p! 


Tracirfi  o(  a  iplenic  curve,  reiluced  one-half,  taken  wiih  ihe  oncrarrvph  The  upjjcr  li:>c  wlih  la»^c  wave  l«  ihe 
splenic  curve;  cacti  ascent  toiraMiiMls  lo  an  IncrcaM,  aod  cdch  doc«nt  lu  a  diroitmUuii  iti  the  voluim:  t4  ibe 
■pleen.  TKc  curre  beneath  h  »  blood •presiur*  tracing  from  th«  cairaiui  artery.  The  luwcti  line  indlcaia  the 
lime,  the  inlerruptlont  of  tbe  marit«r  occurring  everv  two  seconds.  The  vertical  liiwt,  a  and  t.  give  the  reUiive 
posliiouorthe  lever  point  oflhc  un<ogriij>h,andof  the  point  of  the  recording  kiylecfthc  kymograpli  mpeclivdy 

and  leaving  it  in  the  dorsal  region,  enter  the  left  splanchnic,  pass  through  the 
semilunar  ganglion,  and  thus  reach  the  splenic  plexus.  Stimulation  of  the  periph- 
eral ends  of  these  nerves  causes  contraction  of  the  spleen,  and  so  does  cold  applied 
to  the  spleen  directly  or  over  the  region  of  the  organ.  In  the  last  case  the  result 
is  brought  about  reflcxly.  Botkin  found  that  the  application  of  the  induced 
current  to  the  skin  over  the  spleen,  in  a  case  of  leukemia,  caused  well-marked 
contraction  of  the  spleen  in  aU  its  dimensions,  and  the  result  lasted  some  time. 
After  every  stimulation  the  number  of  colorless  corpuscles  in  the  blood  increased, 
and  the  condition  of  the  patient  improved.] 

[There  is  a  popular  notion  that  the  spleen  is  influenced  by  the  condition  of  the 
nervous  system.  Botkin  found  that  depressing  emotions  increased  its  size,  while 
exhilarating  ideas  diminished  it.  I'he  causes  of  these  changes  are  referable  not 
only  to  changes  in  the  amount  of  blood  in  the  spleen,  but  also  to  the  greater  or 
less  degree  of  contraction  of  its  muscular  tissue.  And  it  would  appear  that,  like 
the  small  arteries,  the  muscular  tissue  of  the  spleen  is  in  a  state  of  tonic  con- 
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traction.  The  size  of  the  spleen  may  be  influenced  reflexly.  Thus,  TarchanofT 
found  that  stimulation  of  the  /ren/ra/end  of  the  vagus,  when  the  splanchnins  were 
intact,  caused  contraction  of  the  spleen,  while  stimulation  of  the  antral  end  of 
the  sciatic  also  caused  contraction,  but  to  a  less  degree.  It  is  quite  certain  that 
alt  the  phenomena  are  not  due  to  the  action  of  vasomotor  nerves  on  the  splenic 
blood  vessels.  There  is  a  certain  amount  of  independent  action  of  the  muscular 
fibres  of  the  organ,  and  it  is  not  improbable  that  the  innervation  of  the  spleen  is 
similar  to  the  innervation  of  arteries,  and  that  it  has  a  motor  centre  in  the  cord 
capable  of  being  influenced  reflexly  by  afferent  nerves,  while  it  also  sends  out 
efferent  impulses.] 

[Stimulation  ofd)  the  central  end  of  a  sensory  nerve  ;  (2)  of  the  peripheral 
ends  of  both  splanchnics  ;  (3)  of  the  peripheral  ends  of  both  vagi,  causes  contrac- 
tion of  the  spleen.  But  even  after  section  of  the  splanchnics  and  vagi,  stimulation 
of  a  sensory  nerve  still  causes  contraction,  so  that  there  must  be  some  other  channel 
as  yet  unknown  {Roy).  Bochefontaine  found  that  electrical  stimulation  of  certain 
parts  of  the  cortex  cerebri  produced  contraction  of  the  spleen.}  Sensory  nerves 
seem  to  occur  only  in  the  peritoneum  covering  the  spleen. 

Prettwe  on  the  splenic  vein  causes  enlargement  of  the  spleen,  hence,  increased  pressure  in  t!us 
TOO  (ooDgcslion  of  the  [lortal  vein,  cessalion  of  hxmorrhoidal  and  menstrual  discliar^cs)  also  causes 
its  eatargement  With  regard  to  the  action  of  "  splenic  reagents,"  such  as  quinine,  on  ihc  con- 
Inction  of  the  spleen,  Binz  ts  of  ojiinton  that  this  drug  retards  the  formation  of  Ihe  colorless  blood 
corpDSClcs,  io  that  its  chief  function  is  interfered  with  and  the  organ  becomes  less  vascular.  It  is 
twi  definitely  decided,  however,  whether  it  is  contraction  or  dilatation  of  the  spleen  that  alters  the 
proponion  of  red  md  white  corpuscles  in  the  blood. 

Splenic  Tumors. — The  inc[ea$.e  in  si;c  of  (he  spleen  in  various  diseases  early  attracted  the 
al(enl)i:in   of  physicians.     The  healthy  spleen  undergoes  several  variations  in   volume  during  the 

•■ '    ■■  -I  'V,  corresponding  with  the  varying  activity  of  ilie  digestive  orjiaiis.     In  this  respect 

iibles  the  ancrics.     In  many  fevers  the  s-pleen  Ijccomei  greatly  enlaised.  ]irol>al}Iy 

,  :.  of  its  nerves.     It  is  greatly  increased  in  intermittent  fever  or  ague,  ana  often  during 

the  course  nf  lyphus.     When  it  becomes  abnoniiolty  en]argc<],  and  remains  so  alter  re|iealed  nttackil 

o(  lh«   ague.  It   is  greatly  hypcnrophied,  and   constitutes   "  ague  cake."     In   cases  of  splenic 

leuldtrmia  it  i&  {greatly  enlargeJ,  and  at  the  same  lime  there  is  a 
Fl*^  135,  fp^3t  increase  in  the  ntmilwr  of  colurle&s  corpuscles  in  the  l^luod 

and  also  n  decrease  of  the  colored  ones  (H.  10). 

II.  The  Thymus. —  During  ftrlAl  life  this  gland  is  largely  de- 

veloped,  and  it  increases  during   the  first   two  or  three  years  of 

life,  remaining  stationary  until  the  tenth  or  fourteenth  year,  when  it 

Fig.  ia6. 


VtVn  nf  the  ihytniu  gbiHl  of  a  ckI, 

inpktc    Mtulc    Mill)   K 

'.  «ik]  ■*  LCiitrc,^.   It, 
■  lie;  c,  tilood  vc*>cb 
>a|n.ieij;  tf,  ciinncctlvc  ii^kuc 


FJetnentt  of  the  ttiymut 
(V  joo).  tf.  lymph  oir- 
tiiucles  :  t>,  concentric 
cnrpii^clr  orHav^ll. 


bcpns  to  itrophy  snd  undergo  fatty  degeneration.     [The  degencmtion  begins  at  the  outer  part  of 
^  Itibtttc  and  progresses  inward  {//jV}.] 

Structure- — "  It  consists  of  an  aggregation  of  lymph  follicles  (resembling  the  glands  of  PeyerJ 
or  sunn  of  adenoid  tissue  held  together  by  a  framework  of  connective  tissue  which  contains  Mooa 
KMrh,  lymphatics,  and  a  few  nerves  (Kig.  125).  The  framework  of  connective  tiisue  gives  ofT 
*(<•  which  divide  the  gland  into  lobes,  these  being  further  subdivided  by  finer  septa  into  lobules, 
IW lobules  being  separated  by  tine  intrn-Iobular  lamelJE  of  connective  tissue  into  follicles  (0.5-t.S 
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mm.).  These  follicles  make  up  the  gland  subsunce,  and  they  ue  Ufaally  poIygotiAl  when  teen  in 
a  section.  Each  follicle  conslsls  of  o  cortical  and  a  medullary  part,  and  the  mairix  or  frame- 
work of  both  coDsisis  of  a  fine  adcniod  reticulum  whose  micshcs  arc  filled  with  lymph  corpusciri  " 
[Fig.  126,  (7).]  Many  of  these  corpuscles  exhibit  various  stages  of  disintegration.  In  the  medulla 
are  found  \\ii  concentric  corpuscles  of  HasBall.  ["They  consist  of  a  central  cranular  part, 
around  which  are  disposed  layers  of  llatteneJ,  nuclcntetl,  endothelial  cells  arraaged  concenlriadly. 
When  seen  in  a  sccliou  they  rtsemhle  the  *  cell  nests  '  of  epithelioma  (Fig.  126,  d).  They  have  aiao 
been  compared  to  umilor  bodies  which  occur  in  the  prosiaic.  They  are  most  numerous  when  the 
gland  undergoes  its  tclrograde  mctamorptiusis."  Sig.  Mayer  Rnds  that  the  ihymiis  uf  the  frog  con- 
tains structures,  with  transverse  markings,  identical  with  the  stripes  of  striped  muscular  fihtcs. 
The  structures  are  identical  with  those  colled  "  aarcoplaata  "  by  Margo  and  Paneth,  and  "sar- 
colyles"  by  Sig.  Mayer.  They  also  occur  in  large  numtjcrs  in  ihc  tail  of  the  larva:  of  botrachlans, 
when  the  tail  is  undergoing  a  retrograde  metamorphosis.] 

Simon,  His,  and  olIicTs  described  a  convoluted  blind  canal,  the  '*  central  canal,"  as  occxirring 
within  the  gland,  and  on  it  the  foUicles  were  said  to  be  placed.  Other  observers,  Jendra&sJk  and 
Klein,  cither  deny  its  existence  or  regard  it  merely  as  a  lymphatic  or  an  aiti6cial  product.  Numer- 
ous fint  lymphatics  penetrate  into  ^c  interior  of  the  organ,  and  many  ore  diuributed  over  its  sur- 
face, but  Iheir  mode  of  origin  is  unknown.  [They  seem  to  be  channels  through  which  the  lympb 
corpuscles  are  conveyed  away  from  the  gland.]  Numerous  blood  vessels  are  also  distributed  u> 
the  septa  and  follicles  (Fig.  125,  c). 

Chemical  Composition. — Hesides  gelatin,  albumin,  soda  albumin,  there  are  sugar  and  fat. 
leucin,  xanthin,  hypoxanthin,  formic,  acetic,  butyric,  and  succinic  acidi.  Potash  and  phosphoric 
acid  are  more  abundant  in  the  aiA  than  soda,  calcium,  magnesium  (?  ammonium),  chlorine,  and 
sulphuric  acid. 

Function. — As  long  as  it  exists,  it  seems  to  perform  the  functions  of  a  true  lymph  gland.  This 
view  is  supported  by  the  fact  that  in  reptiles  and  amphibians,  which  do  not  possess  lymph  elaadt, 
the  thymus  remains  as  a  permaoeDlly  active  organ.  [Extirpation  gave  few  positive  results,  but 
chemical  investigation  shows  that  the  parenchyma  contains  a  large  number  of  products  indicitili^ 
considerable  metabolic  activity  {Frudfihfn).~\ 

III.  The  Thyroid. — Structure. — The  gland  consists  of  lobes  and  lobules  held  together  by 
connective  tissue  rich  in  cells.     Each  lobale  is  made  up  of  numerous  completely  closed  sacs 

(C.04   to  0.1    mm.   in  diameter),  which  in 


Fii:.  137. 
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Seciioa  ol  tlic  Uiyroid  kUiimI.  »,  closed  ve«id«s;  i,  distended 
by  colloid  miiun  and  lined  by  low  columiur  epithelium  ; 
C,  Inter- vc« leu Ur  connective  tibftue. 


the  embryo  and  the  newly  bom  animal  are 
composed  of  a  membrana  propria  lined  by 
a  single  layer  of  nucleated  cells  f  Fig.  iz*). 
The  sacs  contain  a  transparent,  viscid, 
albuminous  fluid.  fNot  unfrequently  the 
sacs  contain  many  colored  blood  corpuscles 
{B(tber)A  Each  sac  is  surrounded  by  a 
plexus  of  capillaries  which  do  not  penetrate 
the  membrana  propria.  There  are  also 
numerous  lymphatics.  At  an  early  period 
the  sacs  dilate,  their  cellular  lining  aln^ 
phies,  and  their  contents  undergo  coUoid 
degeneration.  When  the  gland  vesicles  are 
greatly  enlarged,  "goitre"  is   produced. 

The  chemical  composition  of  this 
gland  has  not  been  much  itivestit^oted.  In 
addition  to  the  ordinary  con5tituenia,leDcin, 
xanthin,  sarkin,  lactic,  succinic, and  volatile 
fatty  acidi  have  been  found. 

[  Excision. — The  effects  differ  acoordiog 
to  the  animal  operated  on.  This  gland  baa 
been  excised  in  the  human  subject  in  cases 
of  goitre.  Rererdin  pointed  nut  thai  a  pe- 
culiar  condition   results,  called  cactaexiA 


stumiptiva,  and  practically  the  human  being  becomas  a  cretin.  This  operation,  therefore,  is  highly 
fjuestionable  when  performed  on  man.  Rabbits  endure  the  operation  well,  and  so  do  the  sheep, 
calf,  and  horse.  Of  dogs,  cats,  and  foxes,  only  a  very  small  number  survive,  nearly  all  die.  It 
appears  therefore  that  herbivora  bear  the  operation  and  suffer  fewer  after-effects  than  camivora  {Sam- 
^uiriio  and  OreaAia).  The  immediate  effects  are  fibrillar  contractions,  which  ultimately  intlnence 
the  gait  of  the  animal.-i,  convulsions,  ancesthcsia,  great  diminution  of  sensibility,  loss  of  Hcsh,  redness  of 
the  cars  and  intense  heat  of  the  skin  (which  disappear  after  several  days),  difficulty  in  seizing  and 
eating  food,  kerato-conjunctivills,  and  freijuently  di^turluincc  of  the  rhythm  of  respiration  with  dysp- 
naa  and  spasms  of  the  atxlnminal  muscles  (S.Ai^ ).  I'he  arterial  blood  contains  about  the  same 
amount  of  O  as  venous  blood.     Certain  parts  of  the  peripheral  nerves  undergo  a  kind  of  degenera- 
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I  lion  HinUar  to  Ibat  found  after  serve  stretching.  There  is  alhaminurU  and  fall  of  the  blood  pressure. 
I>eath  uiually  occurs  between  the  third  aiid  fourth  day,  the  ammals  being  comatose  ( tVa^n^V 
Schiff  foand  that  if  one-half  of  the  gland  was  exciicd  nt  once,  and  the  other  half  a  month  afterward, 
death  did  not  occur ;  but  Wagner  denies  this,  for  he  asserts  that  the  remaining  half  hypertrophies, 
and  if  it  be  excised,  death  occurs  with  the  usual  symptoms.  In  nnonkeys,  five  da>'s  after  the  opera* 
tioD,  there  are  symptoms  of  nervous  disturbance.  I'he  animals  have  lost  their  appetite,  there  are 
fibrillar  contractions  of  the  muscles  of  the  face,  hands,  and  feet,  but  the  tremors  disappear  on  volun- 
tary effort.  The  appetite  returns  and  is  increased,  hut  notwithstanding,  the  animal  grows  tliiii  ODd 
paJc  ;  while  the  tremors  increase  and  affect  all  the  muscles  of  the  body.  These  tremors  are  ot  central 
origin,  because  they  disappear  on  dividing  the  nerve.  Thus  there  is  profound  alteration  of  the 
motor  powers.  Among  the  outward  symptoms  are  puffiQcss  of  the  eyelids,  swelling  of  (he  abdo- 
men, increased  hebetude,  ami  dyspno-a,  while  afterward  there  is  a  fall  of  the  temperature  and  im- 
becility ;  the  tremors  disappear,  there  is  a  pallor  of  the  skin,  and  ultimately  after  five  to  seven  weeks 
the  animals  die  ciunatose.  Thus  there  is  a  slow  onset  of  hebetude,  terminating  in  imbecility.  Very 
remarkable  changes  occur  in  the  blood.  There  is  a  steady  fall  of  the  blood  pressure  ;  a  diminution 
of  the  red  blood  corjiuscles,  or  rather  profound  anicmia;  leucocythxmia,  the  colorless  corpusdei 
bcirig  increased  to  the  ratio  of  four  to  K>uneen;  and  lastly  mucirt  is  present  in  the  blood,  although 
normally  it  is  not  so.  'I'he  salivary  glands  are  hypertrophicd,  owiog  to  the  presence  of  mucin, 
which  is  found  even  in  the  parotid,  although  this  is  normally  a  serous  gland  (^  141)-  The  swelling 
of  the  abdomen  is  due  to  hypertrophy  of  the  great  omentum.  Mucin  is  found  in  the  |>critoncal  fluid, 
and  the  spleen  is  also  enlarged.  Thus  these  symptoms  present  many  features  in  common  with  those 
of  myxoederoa  as  described  by  Ord  [i>.  //prj/nyj.] 

[Sta^cB. — Horalcy  distinguishes  three  stages.  In  the  first  or  neurotic  stage  the  animals  exhibit 
constant  tremors,  8  per  second,  and  young  animals  do  not  appear  to  survive  this  stage.  In  the  sccood 
or  tnucinoid  stage,  mucin  is  deposited  in  the  tissues  and  blood;  this  change,  however,  is  only 
seen  to  perfection  in  monkeys.  If  these  animals  l>e  kept  at  a  high  artificial  temperature,  their  life  is 
considerably  prolonged.  In  the  third,  atrophic,  or  maraanaic  period,  the  animals  die  of  marasmus, 
while  they  lose  their  excess  of  mucin.  Age  seems  to  exert  an  important  influence  in  thyroidectomy ; 
yoQDg  dogs  survive  but  a  short  time,  while  old  dogs  merely  exhibit  symptoms  of  indolence  and 
incapacity;  and,  as  a  mailer  of  fact,  the  activity  of  the  gland  seems  to  l>e  most  active  when  tissue 
metabolism  is  most  aaive.] 

[The  fnlloviin^r  table,  after  Honley,  indicates  the  symptoms  that  follow  loss  of  the  function  of 
Ibe  thyroid  gland : — 


Stafcs. 
I.  Neurotic. 

II.  Muclnoid. 
[III.  Atrophic. 


Doralion. 


Symptoms, 


Reaaiks. 


to  3  weeks  in  dogs; 'Tremors,  rigidity,  dysp- 
I    to    3     weeks     in      noea. 


monkeys. 
'^^  to  I  week  in  dogs; 
j     3    10    7    weeks     in 

monkeys. 

,5  to  8  weeks  in  mon- 


Voung  dogs    and  monkeys 
alike  die  in  this  stage. 


Commencing  hebetude  Dogs  survive  only  to  the 
and  mucmoid  degen-  beginning  of  this  stage; 
eration  of  the  connec.  monkeys  die  at  the  end, 
live  tissues.  if  not  treated. 

Complete  imbecility  and  Monkeys  survive  according 
atrophy  of  all  tissues,  to  Uie  temperature  of  the 
especially  muscles.  air^botK] 


Panctions. — The  functions  of  the  thyroid  gland  are  very  obscure.  Perhaps  It  may  be  an  appa- 
nciu  tor  rcf^laiing  the  blood  supply  to  the  head  {?).  It  become.-i  enlarged  in  Basedow's  disease, 
in  abich  there  is  great  palpitation,  as  well  as  protrusion  of  the  eyeball  or  exophthalmos,  which  seem 
to  depend  upon  a  simultaneous  stimulation  uf  the  accelerating  nerve  of  the  heart,  and  the  sympa- 
tiMtic  fibres  of  the  smooth  muscles  in  the  orbital  cavity  and  the  eyelids,  as  well  as  of  the  inhibitory 
ftnsof  the  vessels  of  the  thyroid.  In  matiy  localities  it  is  common  to  find  swclUug  of  the  thyroid 
''°ii*lihiting  goitre,  which  is  sometimes,  but  far  from  invariably,  associated  with  idiocy  and  cretinism. 
[Honley  finds  that  its  removal  is  the  essential  cause  of  myxnrdema  and  cretinism.  He  regards  it 
ll)ua  blood-forming  gland,  so  that  it  has  a  hwmapoietic  fuoctiim,  but  Gibson  fmiU  no  grounds 
fotispporting  this  view.  During  the  anemia  resulting  from  its  removal,  the  blood  of  the  thyrcnd 
•els  cnatains  7  per  cent,  more  red   blood    cor|>uscles  thaw   the   corresponding   artery  (Horsley)» 

alt leems  to  regulate  the  formation  of  mucin  in  the  body.     After  its  removal  the  normal  meta- 
iim  is  no  longer  maintained,  and  there  Is  a  corresponding  increasingly  defective   condition  of 
Wntion.l 

In  the  Tunicata,tlHS  gland,  represented  by  a  groove,  secretes  a  digestive  Buid.  Invertebrates,  it  is 
incrgan  which  has  undergone  a  retrograde  change  {^GigrnbauT). 
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Fic.  128. 
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IV.  The   Suprarenal   Capsules.— Structure. — These  organs  are  invested  by  ■  thin  capsule 
which  sends  processes  into  the  substance  of  the  oi^an.  They  consi&t  of  an  outer  (broadj  or  cortical^— 
layer  and  an  inner  (narrovr)  or   meduUary  taycr.     The   former  is  yellowish  in  color,  firm  u4|^| 
striated,  while  the  latter  is  softer  and  deeper  in  tint.  Id  the  outermost  zone  of  the  cortex  (Fig.  128,  ^)^H 
the  trabeculx  form  polygonal  meshes,  which  contain  the  ccllsof  the  gland  substance ;  in  the  broader 
middle  zone  the  meshes  are  elongated,  ant^  the  cells  filling  them  are  arranged  in  columns  radiating 
outward.      Here  the  cells  are  transparent  and  nucleated,  orten  containing oiJ  globules;  in  ihcinncr< 
most  narrow  zone  the  |x>ly^ana1  arrangement   prevails,  and  the  cells  often  contain  yellowiah-brovn 
pigment.  In  the  medulla  (c),  the  stroma  forms  a  reticulum  containing  groupsof  cells  of  very  irregu- 
Inr  shape.     Numerrjus  blood  vessels  occur  in  the  gland,  cspcdally  in  the  cortex.     [The  nerves 
are  extremely  numerous;,  and  are  derived  from  the  renat  and  solar  plexuses.     Many  ofthe  fibres  ue 
medultated.     After  tlicy  enter  the  gland,  numerous  ganglionic  celts  occur  in  the  plexuses  which 
they  form.     Indeed,  some  observers  regard  the  cells  of  the  medulla  as  nervous.     Undoubtedlf, 
numerous  multipolar  nerre  cells  exist  within  the  gland.] 

Chemical  C5omposition. — The  suprarenals  contain  the  constituents  of  connective  and  nerve 
tissue;  also  Icucia,  hypoxaiithin,  benzoic,  hippuric,  and  taurocholic  adds,  taurin,  iuosit,  fats, and i^h 
body  which  liccomcs  pigmented  by  oxidation.     Among  inorganic  substances  jtoiash  and  pho^horiQ^H 
add  arc  most  abundant.  ^^ 

The  function  of  the  saprarenal  bodies  is  very  obscDre 
It  is  noticeable,  however,  that  in  Addison's  diseaw 
("  hronrcd  skin  "),  which  is  perhaps  primarily  a  ne 
affiection,  these  glands  have  frequently,  but  not  invariably 
been  fouiKl  to  be  diseased.  Owingto  the  injury  to  adja 
abdominal  oi^ans,  extirpation  of  these  organs  is  od 
although  not  always,  fatal;  in  dogs  pigmented  patches  bavcl 
been  found  in  the  skin  near  the  mouth.  Brown -5}^quard 
thinks  they  may  be  concerned  in  preventing  the  over-pro- 
dudion  of  pigment  in  the  blood. 

[Spectrum. — MacMunn  finds  thu  the  medulla  of  the 
suprarenal  iKxlies  (in  man,  cat,  ilog,  guinea  pig,  rat,  etc  I 
gives  the  spectrum  of  hiemochromogcn  (^  18),  while  the 
cortex  sliows  that  of  what  he  caIL<i  histohzmatin,  the 
latter  being  a  group  of  respiratory  pigments.  He  finds  that 
lijrniochromogen  is  only  found  in  excretory  organs  (the 
bile,  the  liver],  hence  be  regards  the  medulla  as  excre- 
tory, so  that  part  of  the  function  of  tlie  adreimls  may  be 
*'  to  metamorphose  effete  hremoglobin  or  hxmatin  imo 
hiemochromogcn,"  and  when  they  are  diseased,  the  efietc 
pigment  is  not  removed,  hence  the  pigmentation  of  the 
skin  and  mucous  membranes.  Taurocholic  acid  has  been 
found  in  the  medulla  by  Vulpian,  and  pyrocalechin  by 
Krukenberg.  MacMunn  believes  that  "they  have  a 
large  share  in  the  downward  metamorpboab  of  coloring 
marter."] 

V.  Hypophysis  Cerebri — Coccygeal  and  Carotid 
Glands.— The  hypophysis  cerebri,  or  pituitary  body, 
Cdiiiislsof  an  anterior  lower  or  larger  lobe,  [wirtly  embrac- 
ing the  posterior  lower  or  smaller  lobe.  These  two  lobes 
are  distinct  in  their  Mructure  and  develoj>ment.  TTic 
posterior  lobe  is  a  part  of  the  brain,  and  belongs  to  the 
infundibuhim.  The  nervous  elements  are  displaced  by  the 
SMtkm  of  a  hiimar.  Mj(irarrnai  ta|wiile.    a.  ingrowth  of  conncclivc   li&suc   and    blood   vessels.     The 

the  modiilts :  d,  blacKTvetMck.  {Kirtion  of  ectoderm,  from  which  it  is  developed.     It  con- 

tains gland-like  structures,  with  connective  tissue,  lym- 
phatics, and  blood  vessels,  the  whole  being  surrounded  by  a  cap«ule.  According  to  Ecker  and 
Mihalkowicz,  it  resembles  the  suprarenal  capsule  in  its  structure,  while,  according  to  other  ol^servers 
in  some  animals  it  is  inure  like  the  thyroid.  Its  functions  arc  entirely  unknown.  [Excision. — 
Horsley  has  removed  this  gland  twice  successfully  in  dogs,  which  lived  from  five  to  six  months.  No 
nervous  or  other  symptoms  were  noticed,  but  when  the  cortex  of  the  brain  was  exposed  and  stimo- 
lalcd,  a  great  increase  in  the  exdialnlity  of  the  motor  regions  was  induced,  even  slight  stimulation 
being  followed  by  violent  tetanus  and  [^olonged  epilepsy.] 

Coccygeal  and  Carotid  Glands. — The  former,  which  lies  on  the  tip  of  the  coccyx,  is  composed  to 
a  large  exlenl  of  plexuses  of  small,  more  or  less  cavernous,  arteries,  .supported  and  enclosed  by  septa 
and  a  capsule  of  connective  tisauc  {Luschka).     Between  these  lie  pr>lylicdra!  granular  cells  arranged 
in  networks.    The  carotid  gland  has  a  similar  structure  (p.  i  iS).  Their  functions  are  quite  unkaov 
Perhaps  Ixjib  organs  may  be  regarded  as  the  rcmairu  of  cmbryonali  bloo<l  veaicls  {^Arnold), 
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104'  COMPARATIVE.— The  heart  in  fishes  (Fig.  139,  I)»  as  well  as  in  the  larva:  of  amphi- 
bians wiih  gills,  is  a  simple  venous  heart,  consisting  of  an  aaricie  and  a  ventricle.  The  ventricle 
propels  ihe  blood  to  ilie  gill*,  where  it  is  oxygenated  ^artcrialized) ;  thence  it  passes  into  the  aorta 
lo  be  distributed  la  all  parts  of  the  body,  and  returns  tnrnugh  the  capillaries  of  ihr  body  and  the 
Veins  to  the  heart.  The  amphibians  (frogs)  have  two  auriclea  and  one  ventricle  (Frog,  II). 
From  the  latter  there  proceed.i  ont  vessel  which  gives  off  the  pulmonary  aneric*;,  and  as  the  aorta 
supplies  the  rest  of  the  body  with  blotKl,  the  veins  uf  the  systemic  circulation  carry  itieir  blood  lolhe 
right  auricle,  those  of  the  iung  into  the  left  auricle.  In  tishes  antl  amphibians  there  is  a  dilatation 
«  tbe  commencement  of  the  aorta,  the  bulbus  artcriociu,  which  is  partly  provided  with  strong 
amscles.  The  reptiles  (III)  possess  two  separate  auricles,  and  two  imperfectly  separated  ventriclei. 
The  aofta  and  pulmonary  artery  arise  separately  from  the  two  latter  chambers.     The  venous  blood 

Fig.  129. 


"^U'' 


UmiMflfifaccuculBiion.  I. /'ffJi.— .4,  anncic;  .^.  linut  ventmit:  ^.ventricle:  A.  bulbus  sorts :  r,  braocMsl 
•nerio;  ■.branchial  r««»el»;  f*r.  branchial  y*in«  f ,  clrculim  (-«phallcu«  aortJB  :  /■',  eominon  aorl»;  C,  caudal 
Mitiy.  //,  duct  of  Cuvwr-  /,  anterior,  And  A',  posterior  cardinal  veins  ;  /..caudal  rdn  ;  JV,  ^/,  kidney*.  1 1 
fr^.~l,%itmt  wnwo*:  II  and  III, right  and  lefl  Buricl«;  IV,  vfniricle;  V.aoftawilh  the  bulb;  1.  put- 
anaary  arteries;  a,  arch  of  thr  aorta;  3,  carotid  ;  4,  Imgual ;  5,  carotid  iiiAn<I>  ^^d  ^>  ■taili->ry  arteriet :  7, 
•anUHi  aorta:  8,  c«rli»c  artery  :  9,  cnlaneous  artery:  ('r-.  jitUmonary  veins;  A/',  lunes.  111.  Sauriam.— 
Iiiigbt  Jurkle,  with  the  ven»  caw;  Il.risht  venlricle ;  III.  left  auricle;  IV,  left  vcntricl»i.  V,  -uitcriot 
COBMion  aorta;  1,  pulroonary  Artery  ;  a.arcii  of  (he  aorta:  3,  carotid  artery  ;  4^  (►owtertor  commtin  aorta  ;  S, 
akltac.a»d  6,  «ul>cIa»Un,  artcric*  ;  7,  piilmunary  vein*  :  8,  lung«.  IV.  Tfrtmtt. — 1,  right  auricle  with  the  venc 
«•«:  II.  right,  and  IV,  left  vBiitricle*;  III, left  auricle;  i  and  «,  right  andleftaorl*:  3.  posterior  common 
**tu.  ^.coiliac;   5,aut>cbvuB:   6,  carotid,  and    7.  pulmonary  artcriea;  8,  ptilraomry  vcliu. 

of  tfce  ijrsteroic  and  pulmonary  circulations  flows  separately  into  the  right  and  left  auricles,  and 
"^'■o  streams  are  mixetl  in  the  ventricle.  In  some  reptiles  the  opening  in  the  ventricular  septum 
WOucatiable  of  bctng  closed.  The  complete  separation  of  the  ventricle  into  two  is  seen  in  Fig.  IV, 
■"'be  tortoise.  The  lower  vertebrates  have  valves  a!  llie  orifice*  of  the  venic  cav»,  which  are 
'VduBcntsry  in  birds  and  some  mammals.  All  birds  and  mammals  have  two  completely  separate 
wtdcaiod  two  separate  ventriclc-t.  In  the  Kalicorc  the  apex  of  the  ventricles  is  deeply  cleft. 
^eaumals  have  accessory  hearts,  t.g.,  Iht  eel  in  its  caudal  vein.  They  are  very  jirobably  lympli 
^•uti  {Robin).  Tlic  veins  of  the  wing  of  the  bat  pulsate  [Sfhiff).  The  lowest  vertebrate, 
OBphioxtts,  has  no  heart,  but  only  a  rhythmically  pulsating  vessel. 

Amot^  blood  glands,  tlie  thymus  aiid  spleen  occur  throughout  the  venebrala.  the  latter  being 
t^Katofily  io  amphioxos  and  a  few  fishes. 
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HISTORICAL   RETROSPECT   OF   THE   CIRCULATION. 


Among  invertebrate  a  thsed  vaseular  ^sttm^  with  pululile  raovemeDl,  occurs  here  uid  there, 
e.g,t  amoiiE  echinodermata  (star  fiBheK,  sea  urchins,  holoihurians)  and  the  higher  worms.  The 
insects  have  a  pulsating  '*  dorsal  vessel"  as  the  central  organ  of  the  circulation,  which  is  a  contractile 
lubv  provided  with  valves  and  dilated  by  muscular  aaion ;  the  blood  being  pn^xllcd  rhythmically 
in  one  direction  into  the  spaces  which  lie  among  the  tissues  and  organs,  so  that  these  animals  do 
not  possess  a  closed  vascular  system.  The  mollusca  have  a  heart  with  a  laranar  vascular  systnn. 
The  cephalopoda  (cattle  fish)  have  three  hearts — a  simple  arterial  heart,  and  two  venous  limple 
gill  hearts,  each  placed  at  the  base  of  the  gills.  The  vessels  form  a  completely  dosed  circuit.  The 
lowest  animals  have  either  apulsntile  vesicle,  which  propels  the  colorless  juice  into  the  tissues  (ifr^H 
fiisoria),  or  the  vascular  apparatus  may  be  entirely  absent.  ^| 

105.  HISTORICAL  RETROSPECT. — The  ancients  held  various  theories  regarding  the 
movement  of  the  blood,  but  they  knew  nothing  of  its  drculation.  According  to  Aristotle  (384  n.c), 
the  heart,  the  acro)x>lis  of  the  body,  prepared  in  its  cavities  the  blood,  which  streamed  through  the 
arlcricK  as  a  nutricirt  fluid  to  all  parts  of  the  boijy,  hut  never  rctomcd  lo  the  heart.  With  llpruphilus 
and  Erasistratus  (3.00  B.C.),  the  celebrated  physicians  of  the  Alexandrian  school,  originated  the 
erroneous  view  that  the  arteries  contain  air,  which  was  supplied  to  them  by  the  respiration  (hence 
the  name  artery).  They  were  led  to  adopt  this  view  from  the  empty  condition  of  the  arteries  after 
death.  Uy  experiments  upon  animals,  ijalcn  disproved  tins  view  (i3i-'20t  a.d.) — "Whenever  I 
Injured  an  artery,"  he  says,  "blood  always  flowed  from  the  wounded  vessel.  On  tying  pan  of  tn 
artery  between  two  ligatures,  the  j^art  of  the  artery  so  included  is  always  filled  with  blood." 

Still,  the  idea  of  a  single  centrifugal  movement  of  the  blood  was  retained,  and  it  was  assnined 
that  the  right  and  left  sides  of  the  heart  communicated  directly  by  means  of  openings  in  the  septom 
of  the  heart,  until  Vesalius  showed  that  there  are  no  openings  in  the  septum.  Michael  .Serveliis  (a 
Spanish  monk,  burned  at  Geneva,  at  Calvin's  instigation,  in  1553)  discovered  the  pulmonary  cirenla* 
tion.  Cesalpinus  confirmed  this  ubservation.  and  named  it  "  Circulaiio."  Fabricius  ab  Aqna- 
pendente  (Padua,  1574)  investigated  the  valves  in  the  veins  more  carefully  < although  they  were 
known  in  the  5lh  century  to  Theodoretus,  Uishop  in  Syria),  and  he  was  acquainted  with  the  <entn- 
Mai  movement  of  (he  blood  in  the  veins.  Cp  to  this  time  it  was  imagined  that  the  veins  carried 
blood  (torn  the  centre  to  the  periphery,  although  Vesalius  was  acquainted  with  the  centripetal  direc- 
tion of  the  blood  stream  in  the  large  venous  trunks.  At  length  William  Harvey,  who  was  x 
pupil  of  Fabricius  (1604},  demonstrated  the  complete  circulation  (1616-1619),  and  published  his 
great  discovery  in  i6aS.  fFor  the  history  of  the  discovery  of  the  circulation  of  the  blood,  sec  the 
works  of  Willis  on  ••  W.  Harvey,*'  '*  Scrvetus  and  Calvin,"  those  of  Kirchner,  and  the  various 
Harveian  orations.] 

According  to  Ilipptjcrales,  the  heart  is  the  origin  of  all  the  vessels;  he  was  acquainted  with  the 
large  vessels  arising  from  the  heart,  the  valves,  the  chorda.'  tendineie,  the  auricles,and  the  clocare  of 
the  semilunar  valves.  Aristotle  was  the  first  to  atiply  the  terms  aorta  and  ven.'c  cane;  the  school 
of  Erasistratus  used  the  term  carotid,  and  incJicated  the  functions  of  the  venous  valves.  In  Gcero  a 
distinction  is  drawn  Iwlween  arteries  and  veins.  Celsus  mentions  that  if  a  vein  be  struck  below  the 
spot  where  a  ligature  has  been  applied  to  a  limb,  it  bleeds,  while  Aretneus  (50  a.d.)  knew  that 
arterial  blood  was  bright  and  venous  dark.  Pliny  {iy^  a.d.)  described  the  pul^i^  (bntaoelle  in 
the  child  Ga?cn  ( 131-205  A.D.)  was  acquainted  with  the  existence  of  a  Ixmc  in  the  septum  of  the 
heart  of  large  animals  {ox,  deer,  elephant).  He  also  surmised  that  the  veitis  communicated  with 
the  arteries  by  fine  lobes.  The  demonstration  of  the  capillaries,  however,  was  only  possible  by  the 
ust  of  the  microscope,  and  employing  this  instrument,  Malpighi  (1661)  was  the  first  to  demonstrate 
the  capillary  circulation.  Lcuwenhoek  (1674)  described  the  capillary  circulaiioo  more  carefully,  as 
it  may  («  seen  in  the  web  of  the  frog's  foot  and  other  transparent  membranes.  Blancard  (1676) 
proved  the  existence  of  capillary  passages  by  means  of  injections.  William  Cooper  M697)  |)roved 
that  the  same  condition  exists  in  warm-blooded  animals,  and  Ruysch  made  umilar  injections. 
Stenson  {born  1638)  established  the  muscular  nature  of  the  bean,  although  the  llippocraiic  and 
Alexandrian  schools  had  already  surmised  the  fact.  Cole  proved  that  the  sectional  area  of  the 
blood  stream  became  widertoward  the  capillaries  (1681}.  Jon.  Alfons  BorelU  (1608-1679)  was  the 
fintlo  ealim^e  the  amount  of  work  done  \ty  the  heart.  ^^ 


Physiology  of  Respiration. 


The  object  of  respiration  is  to  supply  the  oxygen  necessary  for  the  oxidation 
processes  that  go  on  in  the  body,  as  well  as  to  remove  the  carbon  dioxide  formed 
within  the  body.  The  most  important  organs  for  this  purpose  are  the  lungs. 
There  is  an  outer  and  an  inner  respiration — the  former  embraces  the  f  xchange 
of  gases  between  the  external  air  and  the  blood  gases  of  the  respiratory  organs 
(longs  and  skin) — the  latter,  the  exchange  of  gases  between  the  blood  in  the 
capillaries  of  the  systemic  circulation  and  the  tissues  of  the  body. 

[The  pulmonary  apparatus  consists  of  (i)  an  immense  number  of  small  sacs — 
the  air  vesicles — filled  with  air,  and  covered  externally  by  a  very  dense  plexus 
of  capillaries;  (2)  air  passages—the  nose,  pharynx,  larynx,  trachea,  and 
bronchi  communicating  with  (i) ;  (3)  the  thorax  with  its  muscles,  acting  like  a 
pair  of  bellows,  and  moving  the  air  within  the  lungs.] 

to6.   STRUCTURE   OF   THE   AIR    PASSAGES    AND    LUNGS.— The  lungs  are  1 
CQmpound  tnbolar  glands,  which  separate  CO,  from   the  blood.     Kach  lung  is  provided  with  an 
excretory  duct  (bronchus)  which  joins  the  common  respiratory  passage  of  both  lungs — the  trachea. 
Tracbea. — The  trachea  and  extra -pulmonary  bronchi  are  similar  in  stnicture.     The  tiasis  of  the 
IXBchem  consists  of  16-20  C-^haped  incomplete  cartilaginous  hoops  placed  over  each  other.    These 
rings  consiM  of  hyaline  cartilage,  and  are  united  to  each  other  by  means  of  tough  fil^rous  tissue 
containing  much  elaitic  tissue,  the  latter  being  arranged  chiefly  in  a  longitudinal  direction.     The 
function  of  the  cartilages  is  to  keep  the  tube  open  under  varying  conditions  of  pressure.    Pieces 
of  cartilage  having  a  similar  function  occur  in  the  bronchi  and  their  branches,  but  ihey  are  absent 
from  the  bronchioles,  which  are  less  than  I  mm.  m  diameter.     In  the  smaller  bronchi,  the  carti- 
lages are  fewer  and  scattered  more  irregularly.     [  In  a  transverse  section  of  a  large  intra-pulmo- 
naty  bronchus,  two,  three,  or  more  pieces  of  cartilage,  each  invested  by  its  perichondrium,  may 
be  found.]      At  the  points  where  the  bronchi  subdivide,  the  cartilages  assume  the  form  of  irregnlar 
pities  embedded  in  the  bronchial  wall. 

An  txiernal  fihrous  layer  of  connective  tis.sue  and  elastic  fibres  covers  the  trachea  and  the  extra* 

pultnooary  bronchi  externally.     Toward  the  a^ophagus,  the  elastic  elements  arc  more  nunicrous, 

sod  there  are  also  a  few  bundles  of  plain  muscular  fibres  arranged  longitudinally.     Within  this 

Ujer  there  are  bundles  of  nen-Uripid  muscular  Jibres  which  pass  transversely  l>etween  the  carti- 

^tVx  behind,  and  also  in  the  intervals  between  the  cartilages.    [These  pale  reddish  fibres  constitute 

I)k  tracbealis  muscle,  and  are  attached  to  the  inner  surfaces  of  the  cartilages  at  n  little  distance 

'^001  their  free  ends.     The  arrangement  varies  in  different  animals — thus,  in  the  cat,  dog,  rabbit, 

*'*d  rat  the  muscular  fibres  arc  attached  to  the  txtemai  surfaces  of  the  cartilages,  while  in  the  pig, 

•^^ep,  and  ox  they  are  atuched  to  their  iMternal  surfaces  (Stirling).'\     Some  muscular  fibres  are 

.^^**nged  longitudinally  external  to  the  transverse  fibres.     The  function  of  these  muscular  6bres 

■  *o  prevent  too  great  distention  when  there  is  great  pressure  within  the  air  |iassagcB. 

"l"he  mucous  membrane  consiMs  of  a  basis  of  very  5ne  connective  tissue,  containing  much 
*^*«K>id  tissue  with  numerous  lymph  corpuscles.     Numerous  elastic  fibres  are  arranged  chiefly  in  a 
''^T^itudinal  direction  under  the  bascmcDt  membrane.     They  are  also  abundant  in  the  deep  layers 
*"    Ihe  poslcrior  part  of  ihe  membrane  opposite  the  intervals  between  the  cartilages.     A  imall  quan- 
"*7  of  loose  aubniacous  connective  lissuecontaining  the  large  blood  vessels,  glands,  and  lymphatics 
'''^tjcs  the  mucous  membrane  to  the  {perichondrium  of  the  cartilages.     The   epithcHum   consists  of 
^  layer  of  columnar  ciliated  cells  with  i^cvcmI  layers  of  immanire  cells  under  them.     [The  super- 
°c»*l  layer  of  cells  is  columnar  and  ciliated  (Fig.  130,  A),  while  those  lying  under  them  present  a 
**TactT  of  fbrmi,  and  below  all  if  a  layer  of  somewhat  flattened  s<iuames,  r,  resting  on  the  basement 
*^«titbnne,  d.     These  squames  constitute  a  layer  quite  distinct  from  the  basement  membrane,  and 
1^*7  form  the  layer  descnbed  as  Dibove's  membrane.      They  are  active  germinating  cells,  and 
V^Ay  •  most  important  part  in  connection  with  the  Tegcnernlion  of  the  epithelium,  after  the  super- 
nal layeis  have  been  shed,  in  such  conditions  as  bronchitis.     Not  unfrequently  a  little  viscid 
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STRUCTURE   OF  THE   TRACHEA   AND   BRONCHI. 


macas  (a)  lies  on  the  ft-ee  ends  of  the  cilia.  In  the  inicmediate  Uyer,  the  cells  ire  more  or  le» 
pjrriform  or  bAttIedore-6ha|>cd,  M-ith  ttieir  long  tapering  process  inseited  among  the  decpot  layer 
of  K|names.  According  to  Dra«ch.  this  long  process  is  attached  to  one  of  these  cells  and  is  ao 
oulgTovth  from  it.  the  wliule  constitutltig  a  '-foot  cell."] 

Under  the  epiihelium  is  the  homogeneous  basement  membrane,  through  which  fine  canals 
past,  cotmecUng  the  cement  of  the  epithelium  with  s|;ace!>  in  the  mucosa.  [This  membrane  is 
well  marked  in  the  human  trachea,  where  it  plays  an  important  part  in  many  pathol<^ical  coodi- 
tioDS,  e.g.,  bronchitis.     It  is  stained  bright  red  with  pcrocarminc]     The  cilia  act  w  as  to  carry 

any  secretion  toward  the   larynx.     Goblel 
Flc.  130.  ^iij  gj(i5(  between  the  ciliated  colamnar 

cells.  Numerous  small  conijioand  tubolaE 
mucous  glanda  occur  in  the  maoooi 
memtirane,  chiefly  l>etweeD  the  cartilafcs. 
Their  ducts  open  00  the  surface  by  means 
of  a  slightly  funnel  •  shaped  apcnnre, 
into  which  the  ciliated  epiineliam  is  pro- 
longed for  a  short  distance.  [The  achu 
nf  some  of  these  glands  lie  outride  the 
trachealis  muscle.  The  acini  are  lined  by 
cubical  or  columnar  secretory  cptthcUuni. 
In  some  animals  (dog)  these  cells  are  clear, 
anii  present  the  usual  characters  of  a  mucus- 
secrcting  gland ;  In  man,  some  of  the  cells 
may  be  clear,  and  others  'Agranular,"  bat 
the  appearance  of  the  cells  depends  npoa 
,p  the  physiological  state  of  activity.]  The« 
*^  glands  secrete  the  mucus,  which  enlangles 
particles  inspired  with  the  air,  and  is  car* 
ried  toward  the  litr\'nx  by  cilury  acttoit 
[Numerous  lymphatics  exist  in  the  mu- 
cous and  submucous  coal,  and  not  unfre- 
quently  small  aggregations  of  adenoid  ttMue 
occur  (especially  in  the  cat)  in  the  mucous 
coal,  usually  around  the  ducts  of  the  glands. 
They  are  comparable  to  the  solitary  follicles 
nf  the  alimentary  tract.  The  blood  vea- 
selis  are  not  so  numerous  as  in  some  other 
mucou*  membranes.  [A  plexus  of  aerves 
containing  numerous  ganglionic  cells  at  the 
nodes  exists  on  the  posterior  surface  of  the 
trachealis  muscle.  The  tibres  are  derived 
from  the  vagus,  recurrent  laryikgeal,  and 
Transverse  tecrion  of  pari  (if  J  human  brcmrliiis  (V4C0),  a.urc-  sympathetic  {C.  /■'ran  ten  ha  user,  iV.  Stir- 
cipit.iM«i    miiciui  ;    {',    ciliuUil    culumn^r  cpithrliiim;   {,   Jeep     Uttt'    A'nitiiiJfOZt]  1 

gcimmal  layer  of  cell*  ( WV^ve's  memlimoi:);  il^  cImCic  ba»c-         ,r4-i .„„„^,.«   „.,«i.«««.  „c  th..  »»« 

mc.ll  membrane:  *.  cia.lic   6l.t«  divi.ied  transwnciy  (inn.r        J ''"=  MUCOUS   mciTlbrane  of  the  tM- 

fibrouft  Uy«r) :  /  bronciiutl  muicic ;  g,  outer  librauK  Uycrwlih  cnca  and  extra  -  pulmonary  broncht. 
tctjcontcs  >n.f  i>igtne«t  jrjuuic*  (bia.:V);  below  »  imju*  uf  ibercfore,  couusts  of  the  followmg  laycTS 
*dei«>rj  ii«»e.  ^^^^  ^jl,jj,  outward :  -  J 

(i)  Siratitied  columnar  ciliated  epitheUnm. 

(2)  A  layer  of  Battened  cells  (D^l>o%-c's  membrane). 

(3)  A  clear  homogeneous  basement  membrane. 

(4)  A  basis  of  areolar  tissue,  with  adenoid  tissue  and  blood  vessels,  and  outside  this  a  layer  of 

longitudinal  elastic  Rbrcs. 

Outside  this,  again,  is  the  submucous  coat,  consisting  of  loose  areolar  tissue,  with  the  larger 
vessels,  lymphatics,  nerxes,  and  mucous  glands,] 

[Tlie  Bronchi.— In  structure  the  extrapulmonary  bronchi  resemble  the  trachea.  As  they 
pass  into  the  lung  they  divide  very  frequently,  and  the  branches  do  not  anastomose.  In  the  intra 
pulmonary  bronchi  the  subdivisions  become  finer  and  liner,  the  Bnest  branches  being  called 
terminal  bronchi,  or  bronchioles,  which  open  separately  into  clusters  of  air  vcsides.] 

[Eparterial  and  Hyparterial  Bronchi. — .^^  the  bronchi  proceed,  one  main  trank  possei  into 
the  lung,  running  toward  its  base,  and  from  it  arc  given  off  branches  donally  and  ventrally,  aod 
these  branches  again  sulnlivide.  In  man  one  main  l>ranch  comes  off  from  the  right  bronchus  and 
proceeds  to  the  upjier  right  lube,  ^li'ove  the  place  where  the  pulmonary  artery  crosses  the  bronchos. 
Such  branches  are  called  rpiifteriii/.jtntX  they  are  more  numerous  in  birds.  In  man,  all  the  branches, 
both  on  the  right  and  left  side,  come  off  below  the  point  where  the  pulmonary  artery  crosses  tbc 
bToachas,  and  are  called  hyparieriai bronchi  {^C.  Aeby)C\ 
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[In  (he  midtlle-sieetl  intra-putroonary  bronchi,  the  usual  characters  of  the  mucoas  membrane 
|.»re  retained,  only  it  u  thinner;  the  cartilages  OAsume  the  form  of  irregular  plates  situated  in  the 
cuter  wait  of  the  bronchus;  while  the  muscular  fibres  arc  disposed  in  a  complete  circle,  constituting 
the  bronchial  muscle  (Fig.  130,/).  When  this  muscle  is  contracted,  i>r  when  the  hronchus  as  a 
wliole  i«  coutracied,  the  mucous  membrane  Is  thrown  intu  luiigiiudinal  folds,  2nd  u[>))0!iite  these 
bids  the  elastic  fibres  form  large  elevations.  This  muscle  is  particularly  well  developed  in  the 
■nailer  microscopic  bronchi.  Numerous  elastic  libres.  c,  disposed  longitudinally,  exist  under  the 
basement  roembriine,  d.  They  are  continuous  with  those  of  tiie  trachea,  and  are  |>rolonged  onward 
into  tbe  lung.  The  mucous  membrane  of  the  larger  intra-pulmonary  bronchi  consists  of  the  fol- 
lowing layers  from  witbio  outward  : — 

(1)  Stratified  columnar  ciliated  epithelium  (Fig.  130,  i). 

Dibore's  membrane  (Fig.  130,  c). 

Transparent  homngeoeous  basement  membrane  (Fig.  130,  d). 

Areolar  tissue  with  longtludioAl  elastic  fibres  (Fig.  130,  t). 

A  continuou<i  layer  of  non-striped  muscular  fibres  disposed  circularly  {bronekinl  tnitscU,  Fig. 

Oitfadc  this  is  the  submucous  coat,  consisting  of  areolar  tissue  mixed  with  much  adenoid  tissue 
(Fig.  130,^),  sometimes  arranged  in  the  form  of  cords,  the  lymph- follicular  cords.  It  also  con- 
tains the  acini  of  the  numerous  mucous  glands,  blood  vessels,  aod  lymphatics.  The  ducts  of  the 
glands  perforate  the  muscular  layer,  and  0[>en  on  the  free  surface  of  the  raucous  membrane.  The 
submucous  coat  is  connected  by  areolar  tissue  with  the  perichondrium  of  the  cartilages.  Outside 
ilie  cartilages  are  the  nerves  and  nerve  ganglia  accomiianying  the  bronchial  vessels.  The 
branches  of  the  pulmonary  artery  and  of  the  pulmonary  vein  usually  lie  on  opposite  sides  of  the 
Innchtts,  white  there  are  several  branches  of  the  bronchial  arteries  and  veins.  Fat  cells  also 
occur  in  the  peribronchial  tissue.] 

In  the  small  bronchi  the  cartilages  and  elaiids  disappear,  but  the  circular  muscular  fibres  are 
well  developed.     They  are  lined  by  lower  columnar  ciliated  epithelium,  containing  goUlet  celU- 

BroDchkiles. — After  repeated  subdivision,  the  bronchi  form  the  "  imalUsi  broHt:hi  "  (about  0.5 
to  I  mm.)  oT  U&ttlar  hronckialtubes.     Each  lube  is  lined  by  a  layer  of  ciliated  epithelium,  but  the 
{landft  and  cartilages  have  duappearcd.    These  tubes  have  a  few  lateral  alveoli  or  air  cells  cont- 
aonicatiug  with  them.  Each  imaUest  bronchus  ends  in  a"  respiratory  lironchiolc  (A7>//Ufr),  which 
gndoally  becomes  beset  with  more  air  cells,  and  in  which  squamous  epithelium  begins  to  appear  be- 
tween the  ciliated  epithelial  cells.     [Each  bronchiole  opens  into  several  wider  alveolar  or  lobular 
passages.     Each  passage  n  completely  surrounded  with  nir  cells,  and  from  it  are  given  off  several 
■nulai  but  wider  blind  branches,  the  infundibula,  Mhich,  in  their  turn,  arc  beset  on  all  sides  with 
aJiY*/i  or  air  aits.     Several  infundibula  arc  connected  with  each  bronchiole,  and  the  former  are 
vvdet  than  the  latter.     Each  bronchiole,  with  its  alveolar  passages,  infundibula,  and  air  vesicles,   is 
lenned  a  Jobule.  whose  base  is  directed  outward,  and  whose  apex  may  be  regarded  as  a  terminal 
bnochos.     The  lung  is  made  up  of  an  immense  number  of  these  lobules,  separated  from  each  other 
bftcptaof  connective  tissue,  the  interlobular  septa  (Fig.  133,  e\  which  arc  continuous  on  the 
DM  und  with  the  sub-pleoral  connective  tissue,  and  on  the  other  with  the  peribronchial  connective 
tiBoe.] 

pMre  is  an  alteration  in  the  structure  of  the  bronchi,  as  we  proceed  from  the  larger  to  the 
nailer  tubes.  The  cartilages  and  glands  are  the  first  structures  to  disappear.  The  circular  broo- 
dttl  miucle  is  well  developed  in  the  smaller  bronchi  and  bronchioles,  and  exists  as  a  couGnuous 
tbinbyCT  over  the  alveolar  passages,  but  it  is  not  continued  over  and  between  the  air  cells.  Elastic 
fi>in,cofltinuoas,on  the  one  hand,  with  those  in  the  smaller  bronchi,  and  on  the  other  with  those 
Ik  the  wills  of  the  air  cells,  lie  outside  the  muscular  fibres  in  the  bronchioles  and  infundibula.  In 
I)n  respiratory  bronchioles,  the  ciliated  epithelium  is  reduced  to  a  single  layer,  and  is  mixed  with 
llMStuified  form  of  epithelium,  while,  where  the  alveolar  passages  open  into  the  air  cells  or 
il»enli,  the  epithelium  is  non-ciliated,  low,  and  polyhedral.] 

Alveoli  or  Air  C«Ua. — The  form  of  the  cells,  which  arc  350  p  U\^  inch)  in  diameter,  may  be 
^*^  or  IcM  spherical,  polygonal,  or  cup-shaped.  They  ore  disposed  around  and  in  communication 
**h  the  slveolar  paasaees.  Their  form  is  determined  by  the  existence  of  a  nearly  structureless 
■•■Iwne,  composed  of  slightly  fihrillatcd  connective  tusue  containing  a  few  coqiiwcles.  This  is 
"■nwlcd  by  numerous  fine  elastic  fibres,  which  give  to  the  pulmonary  parenchyma  its  well-marked 
''"tic  daractcrs  (Fig.  132,  e,  e).  These  fibres  often  bifurcate,  and  are  arranged  with  reference  to 
ueilteoju'  wall,  lliey  are  very  resistant,  and  in  some  cases  of  lung  disease  may  be  recognized 
ntkiipatum.  A  few  nnn-striped  muscular  fibres  exist  in  the  delicate  connective  tissue  between 
"y iiini  sir  vesicles.  These  muscular  fibres  sometimes  become  greatly  devel<^)ed  in  certain  diseases 
Mnu£/,  W.  Sftrlinr).  The  air  cells  arc  Uned  by  two  kinds  of  cells;  (i)  lai^c,  transparent,  clear, 
P'^lyiQtwl  (nucleated  ?)  squames  or  placoids  (32-45  /')  'yi"K  °*^'  '°'^  between  the  capillaries  in 
the  iheoiar  wall  (Kig.  131,  .j);  (2)  small,  irregular,  "  granular,"  uucleated  cells  (7- IS/*)  arranged 
■"Ely  or  in  groups  (two  or  three)  in  the  interstices  between  the  cnpiHaries.  They  are  well  seen  in 
•  Oi'i  hag  ( Kig.  131,(1}.  [When  acted  on  with  nitrate  of  silver  the  cement  substance  bounding 
(Re  dnr  cells  is  stained,  but  the  small  cells  become  of  a  nnifotm  brown,  granular  appearance,  so 
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thai  (hey  are  readily  recognized.  Small  holes  or  "  pseudo-stomAia  "  seem  to  exist  in  ihe  cement 
subMance,  and  ate  most  obvious  in  distended  alveoli.  They  open  into  the  lymph-can&HcuIar  cystcm 
ol  ihr  alveolar  wall  (A7ri'n),Bnd  through  them  the  lymph  corpUBcIcs,  which  are  always  to  be 
found  on  the  surface  of  the  air  vesicles,  migrate,  and  carry  with  them  into  the  lymphatics  panicles  of 

carbon  derived  from  (he  air.]    In  the  alre- 
Fic  131.  olar  walls  is  a  very  dense  plexus  of  fine 

capillaries  (Fig.  132,  c),  which  lie  more 
toward  the  cavity  of  the  air  vesicle,  bein£ 
covered  only  by  the  epithelial  lining  <A 
the  air  cells.  Between  two  adjacent  alve- 
oli there  is  only  a  single  layer  of  capilloricf 
(man),  and  on  the  lx>undary  line  between 
two  air  cells  the  course  uf  the  capillaries 
is  twisted,  thus  projecting  sometimes  into 
the  one  alveolus,  sometimes  into  the  other. 
[The  number  of  alveoli  is  slated  to  be 
about  725  millions,  a  result  obtained  by 
measuring  the  size  of  the  air  vesicles  and 
ascertaining  the  amount  of  air  in  ibc  lung 
after  an  nrdinary  inspiration,  determining 
how  much  of  this  air  Is  in  the  air  veiidct 
and  bronchi  respectively.  Tlic  superficial 
area  of  the  air  vesicles  is  about  90  K^uare 
metres,  or  too  times  greater  than  the  sur- 
face of  the  body  (.8  to  .9  sq.  metre).] 

The  Blood  vessels  of  the  long  belong 
to  two  different  systems;  (A)  Pulmonary 
vessels  (lesser  circulation).  The  branchcc 
of  the  pulmonary  artery  accompany  the 
bronchi  and  are  closely  applied  to  them. 

f'As  they  proceed  they  branch,  but  the 
iranchesdo  not  anastomose,  and  ultimately 
they  terminate  in  small  arterioles,  which 
BUpi}ly  several  adjacent  alveoli,  each  arteri- 
ole splittiag  up  into  capillaries  for  sevtrai 
air  celts  (Fig.  132,1',  r).  An  efferent  vein  usually  arises  at  the  opposite  side  of  the  air  cells,  and 
carries  away  the  purihed  blood  from  the  capillaries.  In  their  course  these  veins  unite  to  form  the 
pulmonary  veins,  which,  again,  are  joined  in  their  course  by  a  few  small  bronchial  veins.  The  veins 
usually  anastomose  in  the  earlier  part  of  their  course,  while  the  corresponding  arteries  do  dol] 
Although  the  capillary  plexus  is  very  Bne  and  dense,  its  sectional  area  is  less  than  the  sectional  area 
of  the  systemic  capillaries,  so  that  the  blood  stream  in  the  pulmonary  capillaries  must  lie  more  rapid 
than  that  in  the  capillaries  of  the  body  generally.  The  pulmonary  veins,  unlilce  veins  generally, 
are  collectively  narrower  than  the  pulmonary  artery  fwatcr  is  given  off  in  the  lung),  and  they  have 
no  valves.  [The  pulmonary  artery  contains  venous  ulood,  and  the  pulmonary  veins  pure  or  arterial 
blood.] 

(B)  The  bronchial  vessels  represent  the  nutrient  system  of  the  lungs.  They  (1-3)  arise  from 
the  aorta  (or  intercostal  arteries)  aiul  accompany  the  bronchi  without  anastomosing  «-ith  the  brancho 
of  the  pulmonary  artery.  In  their  course  they  give  branches  to  the  lymphatic  glands  at  the  hilum 
of  the  luiQg,  to  the  walls  of  the  large  blood  vessels  (vasa  vasorum),  the  pulmonar)-  pleura,  the  bron- 
chial walls,  and  the  interlobular  septa.  The  blood  which  issues  from  (heir  capillaries  is  returned 
—partly  by  the  pulmonary  vcinB — hence,  any  considemble  interference  with  Ihe  pulmonary  circula- 
tion causes  congestion  of  the  bronchial  macous  membraoe,  resulting  in  a  caurrhal  condition  of  that 
membrane.  The  greater  part  of  the  blood  is  returned  by  the  bronchial  nins,  which  a]icn  into  the 
vena  a2ygos,  intercosul  vein,  or  superior  vena  cava.  The  veins  of  the  smaller  bronchi  (founh 
order  onward]  open  into  the  pulmonary  veins,  and  the  anterior  bronchial  alao  conununicate  with 
the  pulmonary  vein  {Zucitrkaw/t.) 

[The  Pleura. — Each  pleural  cavity  is  distinct,  and  is  a  Urge  serous  sac,  which  really  belongs  to 
the  lymphatic  system  of  the  lung.  The  pleura  consists  of  two  layers,  visceral  and  parietal.  The 
vi.«ceral  pleura  covers  the  lung;  the  parietal  portion  lines  the  wall  of  the  cbe&t,  and  the  two  layers 
of  the  corresponding  pleura  are  continuous  with  one  another  at  the  root  of  the  lung.  The  visceral 
pleura  is  the  thicker,  and  may  readily  l>e  separated  from  the  inner  surface  of  the  chest.  Stnicturally, 
the  pleura  resembles  a  serous  membrane,  and  consisU  of  a  thin  layer  of  fibrous  tbmie  covered  liy  a 
layer  of  endothelium.  Under  this  layer,  or  the  pleura  proper,  is  a  deep  or  tufi-terous  layer  of  looser 
areolar  tissue,  containing  many  elastic  tibres.  The  layer  of  the  pleura  pulmonatis  of  some  animals, 
as  the  guinea  pig,  contains  a  network  of  non-striped  muscular  fibres  {A'/Hn).  Over  the  lung  it  is 
also  continuous  with  the  interlobular  septa.     The  interlobular  septa  (Fig.  133,  /)  consist  of  bands 
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of  fibrous  tissue  tcptraling  adjoUing  lobules,  And  they  become  conttauons  with  the  peribroucbial 
ooBoective  tissue  entering  the  lung  aX  itit  hilum.  Ttiua  the  fibrous  framework  uf  tlie  lung  is  cuii> 
tisoons  throughout  the  lung,  just  as  in  other  organs.  The  connection  of  the  sub- pleural  hbrous  tissue 
wilb  the  connective  li&sue  within  the  substance  of  the  lung  has  most  important  [lathulogical  bearings. 
The  inieriobular  scpu  contain  lymphatics  and  hlood  vessels.  The  endothelium  covering  the  parietal 
Uyer  is  of  the  ordinary  squamous  type,  but  on  the  pleura  pulinoualis  the  cells  are  less  flaUened, 
nore  polyhedral,  and  gniniilar.  They  must  necessarily  vary  in  shape  with  changes  in  the  vohime 
of  the  lung,  so  that  they  are  more  flatteoed  when  the  lung  is  distended,  as  during  inspiration.  The 
pleura  contaios  many  lymphatics,  which  communicate  by  means  of  stomata  with  the  pleural 
cavity.] 

[The  Lymphatics  of  llie  lung  ore  numerous,  and  are  arrange^  In  several  systems.  The  various 
kir  cells  are  connected  with  each  other  by  very  delicate  connective  tissue,  and,  according  to  J. 
Arnold,  in  some  parts  this  inter>ititial  tissue  presents  characters  like  those  of  adenoid  tis.<iue ;  so  that 
the  lung  is  traversed  by  a  system  of  juice  canals  or  "  SaftcanRlchen."]  [In  the  deep  layer  of 
the  pleura  there  is  a  {a)  sub-pleural  plexus  of  lymphatics  panly  derived  from  the  pleura,  but  chiefly 
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rcprocsUlloc  of  the  xir  vcsklo  of  the  lung,  v,  v,  blood  vcucli  at  Ihc  margiiiK  of  «n  alveolus : 
•M( in  blood  capilLincs :  K,  relalioo  or  the  Miuamoiu  epiuieltusti  of  ■«  alveolus  to  the  capillaries  In  lu  wall :  y, 
winliT  epi^eUiira  kbowo  lUooe;  e,  t,  etuUc  Uuuc  of  inc  lunj. 

^  Itie  lymph- canalicular  system  of  the  pleural  alveoli.  Some  of  these  branches  proceed  to  the 
|"*)diitl  glaods,  but  others  iMss  into  the  interlobular  septa,  where  they  join  {b)  the  perivascular 
fl^pfcsiics  which  arise  in  tne  lymphcanalicular  system  of  the  alveoli.  These  trunks,  pro\-ide<i 
"ntalvts,  run  alongside  the  pulmonary  artery-  and  vein,  and  in  their  course  they  form  frequent 
"••wsotcs.  special  vessels  arise  within  the  w alls  of  the  bronchi,  nnd  occur  chiefly  in  the  outer 
wwcf  the  latter,  constituting  (•:)  the  peri-bronchial  lymphatics,  which  anastomose  with  b.  The 
'■'nclitj  of  these  two  sets  run  toward  the  bnsncliial  glands.  Not  unfre^juently  (cat)  masses  of 
'™'«id  itssac  arc  found  in  the  course  of  these  lymphatics.]  The  lymph-canalicular  system  and  the 
?'*pWics  become  injected  when  Rnc-colorcd  particles  arc  inspired,  or  are  introduced  into  the  air 
*"»«fli6cially.  The  pigment  particles  pfi'^s  through  the  scmi-iliiid  cement  substance  into  the  lymph- 
^Hlicnlir  system  and  thence  into  the  lymphatics;  or,  according  to  Klein,  they  pa-ss  through  actual 
"^w  pores  in  the  cement  {p.  206).]  [This  pigmentation  is  well  seen  in  coal-miner's  lung  or 
uUttacoais,  where  the  particles  of  carbon  pass  into  and  are  found  in  the  lymphatics.  Sikorski 
''4  KStiner  showed  that  pigment  reached  the  lymjihaticB  in  this  way  during  life,     K  pigment, 
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Oiina  ink,  or  indigo  carmine  be  introduced  into  a  fro^s  long,  it  ii  found  in  the  lymphatic  ^Mem  of 
die  lung.  Rappeit,  and  also  Schoiiellus,  .thowed  that  the  same  result  occurred  in  dogs  after  the 
inhalation  of  cttarcoalr  cinnabar,  or  precipitated  Rerlin  blue,  and  voa  Ins  arier  the  it^alajion  of 
silica.  Schestopal  used  China  ink  and  cinnabar  suspended  in  }(  percent,  salt  solution.]  Exces- 
sively ^ne  lymph  canals  lie  in  the  wall  of  the  alveoli  in  the  interspaces  of  the  capillaries,  and  there 
are  slight  dilalations  al  the  jwlnts  of  crossing.  According  to  Pierret  and  Renaut  every  air  cell  of  the 
lung  of  the  ox  is  surrounded  by  a  targe  lymph  space,  such  as  occurs  in  the  salivary  glands.  When 
a  large  riuaniity  of  fluid  is  injected  into  the  lung,  it  is  absorbed  with  great  rapidity ;  even  blood 
corpuscles  rapidly  pass  into  the  lymphatics. 

The  superftcial  lym{>hatics  of  ihe  pulmonary  pleura  communicate  with  the  pleural  cavity  by 
means  of  free  upeningb  ur  storaa^a,  and  the  same  is  true  of  the  lymphatics  of  the  parietal  pleura, 
but  these  stomata  are  confined  to  limited  areas  over  the  diaphragmatic  pleura.     [The  ]>-mphatici  in 

the  costal  pleura  occur  over  the  intercostal 


Fig.  133. 


spaces  and  not  over  the  ribs  (/y^ifoTpj'ft).] 
The  large  arteries  of  the  lung  are  provided 
with  lymphatics  which  lie  between  tbe 
middle  and  outer  Coats.  [The  movements 
of  the  lung  during  respiration  are  most 
important  factors  in  moving  the  lymph 
onward  in  the  pulmonary  lyinphilics. 
The  reflux  of  the  lymph  is  prevented  by 
the  presence  of  valves.] 

[The  nerves  of  the  lung  are  derived 
from  tlie  anterior  and  posterior  pulmonary 
plexuses,  and  consist  of  branches  from  tbe 
vagus  and  sympathetic.  They  enter  the 
lungs  and  follow  the  distn'hulinn  of  the 
bronchi,  several  sections  of  nerve  trunks 
being  usually  found  in  a  transverse  section 
of  a  large  bronchial  tube.  The  nerves 
lie  outside  the  cartilages,  and  are  in  close 
relation  with  the  branchesof  the  V^ronchial 
arteries.  Medullated  and  non-medullated 
nerve  fibres  occur  in  the  nerves,  which 
also  contain  numerous  small  ganglia 
{^Htmak,  A'/ein,  Stiriing).  In  the  lung 
of  the  calf  the  ganglia  are  hu-ge.  The 
exact  mode  of  termination  of  the  nerve 
fibres  within  the  lung  has  yet  to  be  ascer- 
tained in  mammals,  but  some  fibres  pasa 
In  the  bronchial  muscle,  others  to  the 
large  blixxi  vessels  of  the  lung,  and  it  is 
highly  prot>abIe  that  the  mucous  glands 
are  also  supplied  with  ner*-c  ^laments. 
In  the  comparatively  simple  lungs  of  the 
frog,  nerves  with  numerous  nerve  cetia 
in  their  course  are  found  {Amo/d,  Stir- 
ling), and  in  the  very  simple  lung  of  the 
newt, there  are  also  numerous  nerve  cells- 
disposed  along  the  course  of  the  imra- 
pnlmoiiary  nerves.  Some  of  these  fibres 
terminate  in  the  uniform  layer  of  non-striped  muscle  which  forms  ].iart  of  the  pulmonary  wall  in  tbe 
frog  and  newt,  and  others  end  in  the  muscular  coot  of  ihe  pulmonary  blood  vessels  (Siirlinj;).  The 
functions  of  these  gaitglia  are  unknown,  but  they  may  be  compared  to  the  nerve  plexusci  < 
in  the  walls  of  the  digestive  tract.] 
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Human  lung  t-'i  5"  •"^■'  nKluteii  ^).  «,  (mall  bnjnclius;  k,  b, 
pulmonAry  artery-  f ,  palmoiuiry  vein;  r,  tnlerlobular  »epU, 
continuous  with  the  deep  layer  of  the  jilcuni,^. 


.  existing 
system^ 


The  Function  of  the  non-striped  muscle  of  the  entire  bronchial  sys 
seems  to  be  to  offer  a  sufficient  amount  of  resistance  to  increased  pressure  within 
the  air  passages;  as  in  forced  expiration,  speaking,  singing,  blowing,  etc,  Tlie 
vagus  is  the  motor  nerve  for  these  fibres-,  and  according  to  Longet,  the  *'  lung- 
loniis  "  during  increased  tension  depends  upon  these  muscles. 

[Effect  of  Nerves. — By  connecting  the  interior  of  a  small  bronchus  with  an  oncograph  (|  103) 
in  airarized  dogs  (the  thorax  being  opened),  Grabam  Brown  and  Roy  found  that  section  of  one 
vagus  causes  a  marked  expan«on  of  the  bronchi  of  the  corresponding  lung,  while  stimulation  of 
the  peripheral  end  of  a  divided  vagus  causes  a  powerful  contraction  of  the  bronchi  of  iotk  lungs. 
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Stiranlation  of  the  cenlnl  end  of  one  vagus,  the  other  being  intnct.alH)  causes  a  contrsiclion  (feebler) 
under  the  same  circumstances.  Especially  in  etherized  dogs,  expansion  nnd  not  contraction  results. 
If  both  vayi  be  divided,  no  effect  is  protJuced  by  stimulation  of  lite  ccnttal  end  of  either  vagus.  It 
seems  plain  ihai  the  vagi  contain  centripetal  or  afferent  t^bres,  which  can  cause  both  expansion  and 
oouirsction  of  the  bronchi.  Asphyxia  causes  contraction  provided  the  vagi  are  intact,  but  uotic  if 
they  are  divided,  although  in  etberi/ed  dogs  expansion  frcf|ueotly  occur*,  while  stimulation  of  ihe 
central  end  of  other  sensory  nerves  has  very  rarely  any,  or,  if  any,  but  a  slight,  effect  on  the  calibre 
of  the  bronchi,  so  that  in  the  dog  the  only  connection  between  the  cerebro  spinal  centres  and  the 
bronchi  is  throuch  the  vagi.] 

Pathological. — Siimulaiion  of  the  smooth  muscles,  whereby  a  spasmodic  iiarrowiog  of  the 
smaller  bronchi  is  produced,  may  excite  asthmatic  attacks.  If  the  expiratory  bla&t  be  interfered  with, 
iccte  cmphyicma  may  take  place  {IHfrnier). 

Cberotstry. — In  addition  to  connective,  clastic,  and  muscular  tissue,  the  lungs  contain  lecithin, 
ioosii,  uric  acid  (laurin  and  Icucin  in  the  ox),guanin.xa!iihin  (?),hypox8nthin  (dog) — sods,  potash, 
magnevium,  oxide  of  iron,  much  phosphoric  acid,  also  chlorine,  sulphuric  and  silicic  acids — in  dia- 
betes sugar  occurs — in  purulent  inhltrotion  glycogen  and  sugar — in  renal  degeneration  urea,  oxalic 
aod^  knd  ammonia  salts ;  and  in  diseases  where  decomposition  takes  place,  leucin  and  lyrosin. 

[Physical  Properties  of  the  Lungs. — The  lungs,  in  virtue  of  the  large 
aonouDt  of  elastic  tissue  which  they  contain,  are  endowed  with  elasticity;  and 
when  the  chest  is  opened  they  collapse.     If  a  cannula  with  a  small  lateral  opening 
be  tied  into  the  trachea  of  a  rabbit's  or  sheep's  lungs,  the  lungs  may  be  inflated 
with  a  pair  of  bellows,  or  elastic  pump.     After  the  artilicial  indalion,  the  lungs, 
owing  to  their  elasticity,  collapse  and  expel  the  greater  part  of  the  air.     As  much 
air  remains  within  the  light  spongy  tissue  of  the  lungs,  even  after  they  are  removed 
from  the  body,  a  healthy  lung  floats  in  water.     If  the  air  cellsare  filled  with  patho- 
logical fluids  or  blood,  as  in  certain  diseased  conditions  of  the  lung  (pneumonia), 
then  the  lungs  or  parts  thereof  may  sink  in  water.     The  liings  of  the  fcetus,  before 
respiration  has  taken  place,  sink  in  water,  but  after  respiration  has  been  thoroughly 
raiablishcd  in  the  child,  the  lungs  float.     Hence,  this  hydrostatic  test  is  largely 
iBcd  in  medico-legal  cases,  as  a  test  of  the  child's  having  breathed.     If  a  healihy 
lung  be  squeezed  between  the  fingers,  it  emits  a  peculiar  and  characteristic  fine 
crackling  sound,  owing  to  the  air  within  the  air  cells.     A  similar  sound  is  heard 
on  cutting  the  vesicular  tissue  of  the  hing.     The  color  of  the  lungs  varies  much ; 
to  a  young  child  it  is  rose-pink,  but  afterward  it  becomes  darker,  especially  in 
persons  living  in  towns  or  a'^moky  atmosphere,  owing  to  the  deposition  of  gran- 
ules of  carbon.     In  coal  miners  the  lungs  may  become  quite  black.] 

[Excision  of  the  Lung. — Dogs  recover  afier  the  excision  of  one  entire  lung,  atvd  Ihey  even  sur- 
me  the  removal  of  ponions  of  lung  infected  with  tubercle  [Bisndi).'] 

107.  MECHANISM  OF  RESPIRATION.— The  mechanism  of  r«spi. 
raiiOQ  consists  in  an  alternate  dilatation  and  contraction  of  the  chest.  The  dila- 
Ution  is  called  inspiration,  the  contraction  expiration.  As  the  whole  external 
mrfaccs  of  both  elastic  lungs  are  applied  directly,  and  in  an  air-tight  manner,  by 
Ibcirsmooth,  moist,  pleural  investment,  to  the  inner  wall  of  the  chest,  which  iscov- 
Wd  by  the  parietal  pleura,  it  is  clear  that  the  Jungs  must  be  distended  xvith  every 
dilatation  of  the  chest,  and  diminished  by  every  contraction  thereof.  The  move- 
ments of  the  lungs,  therefore,  are  entirely  passive,  and  are  dependent  on  the 
ilwracic  movements. 

On  account  of  their  complete  elasticity  and  Ihcir  great  extensibility,  the  lungs 
*reable  to  accommodate  themselves  to  any  variation  in  the  size  of  the  thoracic 
^*ily,  wiihotit  the  two  layers  of  the  pleura  becoming  separated  from  each  other. 
As  the  capacity  of  the  non-distended  chest  is  greater  than  the  volume  of  the  col- 
'^ivd  lungs  after  their  removal  from  the  body,  it  is  clear  that  the  lungs,  even  in 
llieir  natural  position  within  the  chest,  are  di.stendcd,  /.  e.,  they  are  in  a  certain 
s^lcof  clastic  tension  (§  60).  The  tension  is  greater  the  more  distended  the 
thoracic  cavity,  and  /vV/  versd.  As  soon  as  the  pleural  cavity  is  opened  by  per- 
'oraiioD  from  without,  the  lungs,  in  virtue  of  their  elasticity,  collapse,  and  a  space 
<4 
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filled  with  air  is  formed  between  the  surface  of  the  lungs  and  the  inner  surface  of 
the  thoracic  wall  (pneumothorax),  The  lungs  so  a^ected  are  rendered  uselea 
for  respiration  ;  hence  a  double  pneumothorax  causes  death. 

Pneumothorax. — It  b  alto  dear  that,  if  the  pulmonary  pleura  be  perronUed  from  wJlhin  the 
lung,  air  will  pass  froiD  the  respiratory  passages  into  the  pleural  sac,  and  also  give  rite  lo  pneumo- 
thorux.  [Not  unfre^juently  tlic  suigcon  is  called  on  to  open  the  chest,  say  by  removing  a  portion 
of  a  rib,  to  allow  of  tlic  free  exit  of  pus  from  the  pleural  cavity.  If  this  be  done  witb  prD]>er 
prccautiDm,  and  if  the  external  wound  be  alloM-ed  In  heal,  after  a  lime  the  air  in  the  pleamt 
cavity  becnmes  fthsorbed,  the  collapsed  lung  tends  lo  reign  its  original  form,  and  acain  become* 
funciionally  active.] 

Estimation  of  Elastic  Tension. — If  n  manometer  be  introduced  through  an  intercostal  ipacc 
into  the  pleural  cavity,  in  a  dead  subject,  ue  con  measure,  by  meaus  of  a  column  of  mercury,  the 
■mount  of  the  elastic  tension  required  lo  keep  the  lung  ia  its  position.  This  is  equal  to  6  tnin,  in 
the  dead  subject,  as  we]l  as  in  the  condition  of  expiraiiou.  If,  however,  the  thoraii  t>c  brought  into 
the  position  of  inspiraiion  by  the  ajiplicatiun  of  traction  from  without,  the  clastic  tension  may  be  in- 
creased to  yn  mm.  Hg  {DoHders), 

If  the  glottis  be  closed  and  a  deep  inspiration  taken,  the  air  within  the  lungs 
must  become  rarefied,  because  it  has  to  fill  a  greater  space.  If  the  glottis  be  sud- 
denly opened,  the  atmospheric  air  passes  into  the  lungs  until  the  air  within  the 
hings  has  the  same  density  as  the  atmosphere.  Conversely,  if  the  glottis  be  closed, 
and  if  an  expiratory  effort  be  made,  the  air  within  the  chest  must  be  compressed. 
If  the  glottis  be  suddenly  opened,  air  passes  out  of  the  lungs  until  the  pressure  out- 
side and  inside  the  lung  is  equal.  As  the  glottis  remains  open  during  ordinary 
respiration,  the  equilibration  of  the  pressure  within  and  without  the  lungs  will  taltf 
place  gradually.  During  tranquil  inspiration  there  is  a  slight  negative  pressure, 
during  expiration,  a  slight  positive  pressure  in  the  lungs;  the  former=i  mm.. 
the  latter  2-3  mm.  I^g  in  the  human  trachea  (measured  in  cases  of  wounds  of  the 
trachea). 

108.  QUANTITY  OF  GASES  RESPIRED.— As  the  lungs  within  the 
chest  never  give  out  alt  the  air  they  contain,  it  follows  that  only  a  jart  of  the  air 
of  the  lungs  is  changed  during  inspiration  and  expiration.  The  volume  of  this  air 
will  depend  upon  the  depth  of  the  respirations.  m 
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Hutchinson  defined  the  following  : —  ^ 

(1)  Residual  air  is  the  volume  of  air  which  remains  in  the 

chest  ei/fer  thg  mou  comptefe  expiratioH.     U  is  =  1230-1640  c.  c 

[100-130  cubic  inches]. 
(2>  Reserve  or  supplemental  atr  is  the  rolume  of  air  which 

can  ne  expelled  from  the  chest  a/te^r  a  noroial  quiet  expiralioa. 

It  is  -^  i240-it>oo  c.  c.  [100  cubic  inches]. 

(3)  Tidal  air  is  the  volume  of  air  which  is  uken  in  and  given 
out  at  each  respiration.  It  is  ^=.  50a  cubic  centimeues  [ao  ctttitc 
inches]. 

(4)  Complemental  air  is  the  volume  of  air  that  can  be  forcibly 
inspired  over  and  above  what  is  taken  in  at  a  normal  rcspirBtioo. 
It  amounts  to  about  1500  c.  c.  [100-130  cubic  inches]. 


(5)  Vital  Capacity  is  the  term  applied  to  the  volume  of  air  which  cai 
forcibly  exi>elled  from  the  cheat  after  the  deepest  possible  inspiration.  U  is  equal 
to  3772  c.  c.  (or  230  cubic  inches)  for  an  Englishman  {Nuichinsen),  and  3323  for 
a  German  (ffacser). 

Hence,  after  every  quiet  inspiration,  both  lungs  contain  (1  -f-  2  -f  3)  =  3000 
to  3900  c.  cm.  [aao  cubic  inches];  after  a  quiet  expiration  (1  •]- 3)  =  3500  to 
3400  c.  cm.  [200  cubic  inches].  So  that  about  j^  to  f  of  the  air  m  the  lungs  " 
subject  to  renewal  at  each  ordinary  respiration. 


Donders  calculaied  that  the  entire  bronchial  system  and  the  tntchea  contain  about  500 
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Kstimation  of  Vital  Capacity. — This  was  formerly  thought  to  be  of  great 
utiUty,  but  at  the  present  time  not  much  importance  is  attached  lo  it,  nor  is  it 
frequently  measured  in  caries  of  disease.  It  is  estimated  by  means  of  the  spiro- 
meter of  ilulchinson  (Fig,  134),  which  consists  of  a  graduated  cylinder  filled 
with  water  and  inverted  like  a  gasometer  over  water,  and  balanced  by  means  of 
a  counterpoise.  Into  the  cylinder  a  tube  projects,  and  this  lube  is  connected 
with  a  mouth-piece.  The  person  to  be  experimented  upon  takes  the  deepnt 
po^ble  inspiration,  closes  his  nostrils,  and  breathes  forcibly  into  the  mouth- 
piece of  the  lube.  After  domg  so  the  lube  is  closed.  The  cylinder  is  raised 
by  the  air  forced  into  it,  and  after  the  water 
inside  and  outside  (he  cylinder  is  equalized, 
the  height  to  which  the  cylinder  i&  raised  indi- 
cates the  amount  of  air  expired^  or  the  vital  or 
respiratory  capacity.  In  a  man  of  average 
height,  5  feet  8  inches,  it  is  equal  to  230  cubic 
inches. 


Fn;,  134. 


The  follonriDg  circanuunces  affect  the  Tita)  capa- 
diy:- 

<I|  The  Height.— Kven- inch  added  to  the  height  of 
persons  betvecn  5  and  6  feci  gives  an  increase  of  ihc 
viul  capacity  =  130  c.  c.  [S  cubic  inches]. 

(2)  The  Body  weight. — When  ihc  body  weight 
exceeds  the  normal  b)*  7  per  cent,  there  is  a  dimi- 
asticin  of  37  c.  C.  of  the  vital  capacity  for  every  kilo,  of 
incK»5e. 

(,l'l  Age. — The  vital  capacity  i&at  its  maximum  alJS; 
iberc  M  an  Jinnu*!  decrca&e  01  23.4  c.  c,  from  this  a^e 
tnwird  to  65,  and  backward  to  15  yean  of  o^^. 

U^  Sex. — It  »  leai  in  women  than  men,  and  even 
wbere  there  is  the  same  circumference  of  chest,  and  the 
•me  beighi  in  s  man  and  a  M-ornau,  the  ratio  is  10 :  7. 

\\\  Position  and  Occupation. — More  air  is  respired 
in  the  erect  than  in  the  recumbent  potilinn. 

i'&)  Disease. — .\t>duminal  and  thoracic  diseases  di- 
suniih  iL 
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109.  NUMBER  OF  RESPIRATIONS.— In  the  adult,  the  number  of 
Papirjtions  varies  from  16  to  24  i>er  minute,  so  that  about  4  pulse  beats  occur 
(hring  each  respiration.  The  number  of  respirations  is  influenced  by  many  con- 
ditions:— 

(1)  The  Position  of  the  Body.— In  the  adult,  in  the  horizontal  poaiUon,  Gay  counted   13, 
»™IeiitiiDg  19.  wbile  standing  22,  respirations  per  minute. 
(3<  A|e. — Quctclct  found  the  mean  number  of  respirations  in  300  individuals  lo  be : — 

V«v.       Respiraiiook.  Year.  Re^piraiions. 

*•*  I.  i«  I  Average  30  lo  25,  18.7 

J-       Number  per  25  to  30,  16 

1  Minute.  30  In  50,  iS.l 


I. 

S> 

'Slow, 


Respiraiiook. 

44 

26 


Average 

Number  per 
Minute. 


Ijl  The  StAie  of  Activity. — Gorliam  counted  in  children  of  2  to  4  years  of  age  during  standing 
J*'  w  sleep  24,  respirations  pet  minute.  During  bodily  exenion  the  number  of  respirations 
**"•>«»  before  ibe  heart  beats.  [Very  slight  mnscular  exertion  suffices  lo  increase  the  frequency 
^"lerttpiralioiia.] 

[  4'  ytic  Temperature  of  the  surrounding  metlium. — The  respirations  become  more  numerous 
'«  Mgher  the  surrounding  temperature,  but  this  result  only  occurs  when  the  actual  temperature  of 
lot  \,\,j,^  13  increaied,  as  in  fever. 

'5/  0i{[e5tion. — There  is  a  flight  variation  during  the  course  of  the  day,  llic  increase  being 
"*«'tturiu:d  after  mid-day  dinner  (  llerar.it)- 

''j)  The  Will  can  to  »  cettain  extent  modify  the  number  and  also  the  de[>th  of  the  respirations, 
**>nct  a  *hon  lime  ihc  impulse  to  respire  overcomes  Ihc  voluntary  impttbo. 

17}  Tbe  Gases  of  the  Blood  have  a  marked  effect,  and  so  bat  ihe  heat  of  the  blood  in  fever.] 
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[(8)  In  Animals — 
Mammals. 

I*cr  Min. 

Tiger 6 

UoD lo 

JflLEau-, tl 

Panther.  .....  )S 

C»t.      24 

Dog 15 

Dromcdiu-y,     .    .    .  1 1 
Giraffe,     ....  8-10 

Ox, 15-18 

Squirrel,  .    ....  70 


Per  Mm. 

Rabbit 55 

Ral  (waking),  ,  .210 
Rat  (asleep),  .  .  100 
KhiDoceros,  .  .  6-10 
Hi|jpopotarou5, .  1 

liorce,  ....  I&-12 
Ass, 7 

Birds. 
Condor,      ....      6 
Sparrow,     ....     90 


P«f  Mia. 

Pigeon 30 

Siskin 100 

Canary, 18 

Reptiles. 

Snake, 5 

Tortoise,     ....  13 


Fish. 


Rajo,.    . 
ToriJcdo, 


Percb 30 

Mullet 

Eel 

Htjjpocampus,     .   . 

Invertebrata. 

Crab 12 

Mollasca,     .    .    14-65 
(P.  Bert.)] 


[(9]  In  Disease. — Tbe  number  may  be  greatly  increased  from  many  causes, /./'.,  in  fenr, 
pleurisy  and  pneumoni.!,  some  heart  diseases,  or  in  certain  cases  of  alieratlon  of  the  blood,  u 
inanKmia;  and  diminished  where  there  is  pressure  on  the  mpiratory  centre  in  the  mcdiuIUf  ia 
coma.     It  is  important  to  note  the  ratio  of  pulse  beats  lo  respirations. J 

Fiu   135. 
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A,  Brand|[rcst'*  lambuui  far  regi&icnii,^  ttie  tc^pir^ttory  movcincnih.  ^,  f,  inner  xnd  outer  caoutchwic  venibrBn^: 
a,  the  capftulc;  </, «/,  cnidt  Tor  U»leiiiug  the  inilrument  to  the  nhcM  :  S.  tut>c  to  ihc  reconliti|t  Lkmluur.  B. 
nttrmal  mpiratory  curve  uhtaiiied  on  a  vibralins  plate  ^cach  vibration  —  0.01613  &ec.). 
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no.   TIME    OCCUPIED    BY    THE    RESPIRATORY    MOVE 
MENTS. — The  time  occupied  in  the  various  phases  of  a  respiration  can  only 
be   accurately  ascertained    by   obtaining   a   curve   or   pneumatogram   of 
respiratory  movements  by  means  of  recording  apparatus. 

Methods.— The  graphic  method  can  be  employed  in  three  directions: 
Tif  record  ihe  movements  of  individual  parts  of  the  rhest  waU, 

(1)  Vierordt  and  C.  Ludwig  iransferred  the  movements  of  a  part  of  the  chest  wall  to  a  lever 
which  inscribed  its  movements  upon  a  revolvmj;  cylinder.  Reigel  (1873)  constiucled  a  *'  double 
stethograph"  on  the  same  principle.  This  instrument  Is  so  arranged  that  one  arm  of  the  lever 
may  be  applied  in  connection  with  the  healthy  side  of  a  penion's  chest,  and  the  other  on  the  div 
eased  sidr.  In  the  case  of  animals  placed  on  their  backs,  Sncllon  inlrcfuced  a  long  needle 
Tenically  through  the  atKlominal  walls  into  the  hver.  Kosemhal  opened  the  abdomen  ond 
SMilied  a  lever  lo  the  under  surface  of  tlic  diaphragm,  and  thus  registered  its  movemeois 
(Phrenographi. 

{3)  An  air  tambour,  such  as  is  used  in  Brondgeest'a  pansphygmt^raph  (Fig.  135,  A)  may  be 
employed.     It  consists  of  a  brass  vesaelf  a^  shaped  like  a  small  uucer.     The  mouth  of  Uie  brass 
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is  covered  with  a  double  layer  or  caoutchouc  membraue.  &,  <-»  and  air  is  forced  in  between 
the  two  layen  until  the  external  membrane  bulges  outward.  This  is  placed  on  the  che«t,  and  the 
apparalUft  i^  fixrti  in  position  \>y  meAnjt  of  the  bands,  J,  J.  The  cavity  of  the  tamboar  communi- 
cates by  means  of  a  caoutchouc  lulx,  j,  with  a  recording  lamliour,  which  inscribes  its  movements 
■pon  a  revolving  cylinder.  Every  dilatation  of  the  chest  compresses  the  membrane,  and  thus  the 
air  within  (he  tambour  is  also  comprcfsecl.  [A  somewhat  similar  ap[uratus  15  used  by  Hurdon- 
SaodetS"0,  and  called  a  "  recordinj;  stethograph."  By  it  movements  of  the  corresponding  points 
CO  oppmite  side*  of  the  chest  can  1«;  investigated. }  A  cannula  or  tcsophagcal  sounrl  may  be  intro- 
duced into  that  portion  of  ibe  a;AOphaj;us  which  lies  in  the  clieu.  and  a  connection  established 
with  Marey's  tambour  {Hottmthal).  [This  method  also  enables  one  10  measure  (be  intra-thoracu 
fmsu*e.'\ 

Marey's  Stethograph  or  Pneumograph. — [There  are  two  forms  of  this  Instrument,  one  modi- 
fied by  P.  Bert  and  the  more  modern  form  ( Fig.  136J.  A  tambour  {k)  is  fixed  at  right  angles  to  a 
thin  eUstic  plate  of  steel  (/).  The  aluminium  disk  on  the  caoutchouc  of  the  tambour  is  attached 
Co  an  upright  (A),  wbosc  end  lies  in  contact  with  a  horizontal  screw  {g\.  Two  arms  (d,  r)  are 
atlacbed  to  opposite  sides  of  the  steel  plate,  and  to  them  the  belt  (c)  which  fastens  the  instrument 
lothe  chc&t  i»  attaclied.  When  the  cbe-^t  expaiid<i,  these  two  arms  arc  pulled  asunder,  the  steel 
plate  is  bent,  and  the  tamlmur  is  affected,  and  any  movement  of  the  tambour  is  transmitted  to  a 
registering  tambour  by  the  air  in  the  tube  (a)]. 

(»)  73?  record  variation  in  volume  of  the  thorax  or  of  the  respired  gases. 

For  this  purpose  E.  llering  secures  the  animal,  and  places  it  in  a  tight  box  provided  with  two 
openings  in  its  side;  one  hole  contains  a  tube,  which  is  connected  to  a  cannula  tied  luto  the  tratLf- 
vcrscly  divided  trachea  of  the  ani- 
aat,  so  that  respiraiioo  cun  go  00  Fig.  136. 

imditturbed.     In  the  other  orifice  is  ^^ 

fixed  a  water  manometer  provided 

with  a  swimmer  arranged  to  write 

«i  «  recording  sorface.     Cad  regis- 

lered  ^af>hically  the  respired  air  by 

means  of  a  special  apparatus:  the 

npircd  air  raised  a  very  light  and 

arefulty  equipoised  box  placed  over 

vater.  As  tt  was  raised,  it  moved  a 
■ntiBg  style.  During  inspiration 
the  box  sank. 

(31  To  record  the  rate  at 
whieh  the  respiratory  gases  are 
rsthanged, 

ir  the  trachea  of  an  animal,  or 
the  Dtouih  of  a  man  (the  nostrils 
WiBf>  closed),  be  connected  with  a 
tilie  like  (hat  of  the  dromograph 


try.  iij),  ihen  during  inspiration  Marey's  Stcibosmph. 

■M  eiptration  the  pendulum  will 

^Moredtoand  fro  by  the  air,  and  the  movements  of  the  pendulum  can  be  registered.     [Some 

Vn  ijo,  an  instnimenti  called  the  "  Anapnograph,"  was  construaed  on  this  principle.] 

The  curve  (Fig.  135,  B)  was  obtained  by  placing  the  tambour  of  a  Brondgeest'.s 
paitspfaygmograph  upon  the  xiphoid  process,  and  recording  the  movement  upon 
*  plate  attached  to  a  vibrating  tuning  fork.  The  ins/>irafit)/i  (ascending  limb) 
"Cginswith  moderate  rapidity,  is  accelerated  in  the  middle,  and  toward  the  end 
*pifi  becomes  slower.  The  expiration  also  begins  with  moderate  rapidity,  is  then 
*^ItTdied,  and  becomes  much  slower  at  the  latter  port,  so  that  the  curve  falls 
^gradually. 

Inspiration  is  slightly  shorter  than  Expiration. — According  to  Sibson. 
''>criuo  for  an  adult  is  as  6  to  7  ;  in  women,  cliitdren,  and  old  people,  6  to  8  or 
ft  to  9.  Vierordt  found  the  ratio  to  be  to  to  14.  i  (to  24.1) ;  J,  R.  Ewald,  11  to 
*'■  It  is  only  occasionally  that  cases  occur  where  inspiration  and  expiration  are 
^lalljr  long,  or  where  expiration  is  shorter  than  inspiration.  When  respiration 
PJCceeds  qiiiedy  and  regularly,  there  ts  usually  no  pause  (complete  rest  of  the 
•^aBt  walU)  between  the  inspiration  and  expiration.     The  very  flat  part  of  the 
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expiratory  curve  has  been  wrongly  regarded  as  due  to  a  pause.     Of  course, 
may  make  a  voluntary  pause  between  two  respirations,  or  at  any  part  of  a  respi- 
ratory act. 

Some  observers,  however,  have  described  a  pause  as  occurring  between  the  end  of  expiruian  and 

the  beginning  of  ihe  next  ins|)iralion  (expiration  pause),  and  also  another  pause  at  the  end  of  iaspi- 
ration  (inspiration  pause).  The  latter  is  always  of  ver>'  short  duration,  nnd  considerably  sboiter 
than  the  former.  During  very  deep  and  stow  respiration,  there  Is  usually  an  cKpiralion  pause, 
while  it  is  almost  invariably  absent  during  rapid  breaihing.  An  in5[>iratioa  pause  is  always  aHmevi 
Under  nonnal  circumstances,  bul  it  may  occur  under  palhological  Conditions. 

In  cerutn  parts  of  the  respiratory  curve  sli|;ht  irregularities  may  appear,  which  are  Mmeliniei 
due  to  vilnations  comrauoicated  to  the  thoracic  walls  l^  vigorous  heart  beats  (Klg.  IJ7). 

The  "type"  of  respiration  may  be  ascertained  by  taking  curves  from  various 
parts  during  the  respiratory  movements.     Hutchinson  showed  that,  in  the  female, 

Kir..  157, 
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the  thorax  is  dilated  chiefly  by  raising  the  sternum   and   the   ribs  (Rcspiratio 
costalis),  while  in  man  it  is  caused  chiefly  by  a  descent  of  the  diaphragm  ( Re*pi- 
^  ratio   diaphragmalica  or  ahdominalis^.      In   the  former,   there  is  the  so-called 

i^[  "  costal  type,"  in  the  latter  the  "  abdominal  or  diaphragmatic  type/' 

This  difference  in  the  type  of  respiration  in  the  sexes  occurs  only  during  Dormal  quiet  respin 
tion.  During  deep  and  forced  respiration,  in  both  sexes  the  dilatation  of  the  che^  is  caused 
chiefly  by  raising  the  chest  and  the  ribs.  In  man,  the  epigastrium  may  be  pulled  in  sooner  than  U 
is  protruded.  During  sleep,  the  type  of  respiration  in  tjoth  sexes  is  thoracic,  while  at  the  same  tine 
the  inspiratory  dilatation  of  the  chest  precedes  the  elevation  of  the  at)domin.il  wall  {Afosju).  Il  ii 
not  dclermined  whether  the  costal  type  of  respiration  in  the  female  depends  upon  the  constrictioo  ot 
the  chest  by  corsets  or  other  causes  (SiAicn),  or  whether  it  is  a  niilural  adaf<4stion  to  the  chQd- 
bearing  function  in  women  {//utcktHson).  Some  observers  maintain  that  the  difference  of  type  ii 
quite  distinct,  even  in  sleep,  when  all  constrictions  are  removetl,  and  that  similar  differences  an 
noticeable  in  young  children.     This  is  denied  by  others,  while  a  third  class  of  observers  hold  that 
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Ibe  eoalftl  type  ocean  in  children  of  both  sexes,  tnd  ihey  ascribe  u  a  catue  the  peater  flexibility  o( 
the  rila  of  children  and  women,  which  permits  the  iniuclcs  of  the  chest  to  act  more  efficiently  uion 
the  ribt. 

Ill,  PATHOLOGICAL. — Examination  of  the  Lungs. — The  ume  metfaodB  that  are  ap- 
plicable to  the  heart,  vii!.,  I.  IniEpection;  II,  I'Bl|xiiion;  UI,  Percussion;  and  1\',  AuscoUotion, 
a{>ply  here  aUo.] 

[by  inspection  we  may  detennine  ihe  prewncc  of  symmetrical  or  unilaleral  atteralions  In  the 
ahaM  of  the  chest,  the  [ncKoce  of  bulging  or  flattening  at  one  part,  and  variations  In  the  movement 
of  the  chest  walU.  By  palpation,  the  presence  or  absence,  character,  scot,  and  extent  of  any  move- 
menu  arc  more  carefully  examined.  Hut  we  may  also  study  what  is  called  vocal  fremitus  {\  117]. 
Percussion  (§  114).  Auscultation  (j|  m6).] 

^lo  investigating  the  respiratory  movements,  we  sltotild  observe  (i),  the  frequency  (j  109I;  {2), 
the  type  ({  110);  (3),  the  nature, character,  and  extent  of  the  morcmcnU,notingalsowbetherthey 
are  accompanied  by  pain  or  not  (^  1 10) ;  (4),  the  rhythm.] 

I.  Changes  in  the  Mode  of  Movement. — In  persons  sufTerinf;  from  disease  of  the  respiratory 
orgprns.  the  dilautinn  of  ihc  chest  may  tie  dimini»he<I  (to  the  extent  of  5  or  6  cm.)  on  iefA  sides  or 
only  on  cne  side.  In  atTcciions  of  the  apex  of  the  lung  (in  phthisis),  the  sub-normal  expansion  of  the 
appCT  part  of  the  wall  of  the  chest  may  be  connderablc.  Jirlractivn  of  (he  soft  ports  of  the  thoracic 
wall,  the  xiphoid  process,  and  the  parts  where  the  lower  ribs  arc  inserted,  occurs  in  cases  where  air 
canool  freely  enter  the  chest  during  ia.«uiralion,  (.g.^  in  narrnwing  of  Ihe  larynx;  when  thi&  retraction 
is  confirtcd  to  the  upper  jjart  of  the  thoracic  wall,  it  indicates  that  the  portion  of  the  lung  lying 
under  the  part  so  atTected  is  less  extensile  and  diseased. 

Harrison's  Groove. — In  persons  suffering  from  chronic  difficulty  of  breathing,  and  in  whom,  at 
the  same  time,  the  duphragm  acts  energeiically,  there  is  a  slight  groove,  which  passes  horizontally 
outward  from  the  xiphoid  cartilage,  caused  tiy  the  [ntUiag  in  of  the  soft  parts  and  corres{x}nding  lo 
the  insertion  nf  the  diaphr-igm. 

The  duration  of  inspiration  is  lengthened  in  persons  suffering  from  narrowing  of  the  trachea 
or  larynx  ;  expiration  is  lengthened  in  ca.ses  of  dilatation  of  the  lung,  as  in  emphysema,  where  all 
the  evptratory  muscles  muM  be  lirought  into  action  (Fig.  I37,  II). 

II.  Variations  in  the  Rhythm. — When  the  respiratory  apparatus  ii  much  affected,  there  is 
cither  an  mcrease  or  a  deepening  of  the  lespiraiions,  or  both.  When  there  is  great  difficulty  of 
breathing,  this  is  called  dyspncea. 

Causes  of  OyspnoBS. — (i)  Limitation  of  the  exchange  of  the  respiratory  gases  in  the  blood 
due  lo  (tf)  dimiimtinn  of  the  respiratory  surbice  (as  in  fiomc  diseases  of  the  lungs)  ;  {J))  narrowing 
of  the  respiratory  passages;  (c)  diminution  of  the  red  Mood  corpuscles;  (</)  disturiiances  of  the 
respiratory  mechanism  (r^..  doe  lo  affections  of  the  respiratory  muscles  or  nerves,  or  painful 
affections  of  the  che-st  wall);  (^1  imi)eded  circulation  through  the  lungs  due  to  vannus  forms  of 
heart  disease.  (2)  Heat  dyspncea. — The  frequency  of  the  re^irations  is  incrcascil  in  ftbriU 
(finJitians.  The  warm  blood  acts  as  a  direct  imtant  of  the  respiratory  centre  in  the  mclulla 
oblongata,  and  raises  the  number  of  respirations  to  30-60  per  minute  ("Heat  dyspnoen  "}.  If  the 
carotids  t>c  plAcc<1  in  warm  tubes,  so  as  lo  heat  the  blood  going  to  the  medulla  oblongata,  the 
same  phenomena  are  produced  (}  36S).  [When  a  child  sucks,  it  breathes  exclusively  through  the 
nose,  hence  catarrhal  conditions  of  the  nssal  mucous  membrane  are  fraught  with  danger  lo  the 
child.] 

[Oithopncea. — Sometitnes  the  difhcuhy  of  breathing  Is  so  great  that  the  person  can  only  respire 
in  the  erect  )x»«ition,  i.e.,  when  he  sits  or  is  propped  up  in  bed.  This  occurs  frequently  toward  the 
close  of  some  heart  affections,  notably  in  mitral  lesions;  dropsical  conditions,  especially  of  the 
cavities  may  be  present-] 

Cheyne-Stokes'  Phenomenon. — Thi*  remarkable  phenomenon  occurs  in  certain  diseases,  where 
the  normal  itupjily  of  blutxl  tu  ihc  brain  is  altered,  or  where  the  iiuality  of  the  bloud  il^elf  is  altered, 
e.g.,  in  certain  affections  of  Ihc  lirain  and  heart,  and  in  ura:mic  poisoning.  Res{)tratory  pauses  of 
ODe-bsIf  to  three-quarters  of  a  minute  alternate  with  a  short  period  (^-)^  min.)  of  increased 
respiratory  activity,  and  during  this  time  30-30  respirations  occur.  The  respirations  constituting  this 
**  series"  are  shallow  at  first;  gradually  they  become  deeper  and  more  dyspno-tc,  and  hnally  become 
shallow  or  superficial  again.  Then  follows  ihe  pause,  and  thus  there  is  an  alternation  of  pauics  and 
series  (or  grou]is)  of  modified  respirations.  liuring  the  jiause,  the  pupils  are  contracted  and  inactive; 
and  when  ihe  reipiraiions  begin,  they  dilate  and  become  sensible  to  light ;  the  eyeball  is  moved  as 
a  whole  al  the  same  time.  Flein  ul;ser\'ed  that  conscioUKuess  was  abolished  during  the  pause,  And 
that  it  relumed  when  respiration  commnienced. 

Catiaes. — Luciani  and  Roscnbach  regard  variations  in  the  excitability  of  il>e  resfiimlory  centre 
as  the  cause  of  the  phenomenon,  which  they  compare  with  the  periodic  contraction  of  the  heart  ( \  5S]. 
The  excilaliility  of  the  re>»[>iralory  centre  is  lowest  during  the  pause.  They  observed  this  phe- 
nomenon after  injury  to  the  medulla  oblongata  above  the  rcsf^ratory  centre,  and  after  apn^^a  produced 
in  animals  deeply  narcotized  with  opium,  and  in  the  last  stages  of^  asphyxia,  during  respiration  in  a 
kcSosetl  space.     Dnring  hibernation,  this  mode  of  resptralion  is  normal  in  Myoxua,  the  hedgehog. 

1  the  caiman. 
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Periodic  Respiration. — If  frogs  be  kept  ander  water,  or  if  the  aorta  be  clamped,  af^er  Mvenl 
hours,  ibey  become  [KiM>ive.  Iflliey  be  taken  out  of  the  water,  or  if  the  clamp  be  removed  from  the 
aorta,  they  gradually  recover  and  always  cxhibil  the  Cheyne  Stukes'  phenomenon.  In  such  frogc 
the  blood  curreiii  may  be  arresietl  temporarily,  while  the  phenomenon  itself  remains  {SoJtottrar  an^ 
Lurksini;fr).  If  the  blood  current  he  arrcMcd  by  ligatare  of  the  aorta,  or  if  the  frogs  be  bled,  ihe 
respirations  occur  in  groups.  This  is  followed  by  a  few  single  respirations,  and  then  the  res^riniiion 
ceaiies  completely.  I)unng  Ihe  pause  between  the  {>crioib,  mechanical  stimulation  of  the  okm 
causes  the  iJischargc  of  a  group  of  xK^i\n,\\on%  {Suberf  ami  LattgrnJor^), 

Action  of  Drugs. — Muscarin,  digitalin,  curarn,  chlora!,  sulphuretted  hydrogen,  and  the  pomm 
of  many  infectious  diK«iises  (typhus,  diphtheria,  scarlet  fever]  may  also  cause  periodic  retpinuion 
in  frogs  [which  is  not  due  to  the  action  of  these  drugs  on  the  heart]. 

Periodic  respiration  without  any  variation  in  the  size  of  the  individual  resi>irations — the  so  called 
••Blot's  respiration" — occurs  normally  during  sleep.  While  the  nervotu  system  as  it  were 
strives  to  rest,  and  thus  forgets  the  respiration,  the  organism  does  not  obtervc  the  short  (nuKs 
{Mono).  [There  is  a  pert{x1ic  increase  or  decrease  in  the  depth  of  ihe  refpiraiion, especially  in  old 
people  and  chitdrcD.  even  to  the  extent  of  rcspiraiiun  becoming  "  temittent,"  or  even  "  intermiticnt." 
for  a  period  of  30  sec.  during  sleep.  During  periodic  respiration  the  action  of  the  several  resptralory 
muscles  does  not  coincide.  As  a  rule,  one  respires  more  than  is  required  by  the  organUm.  MoHo 
catls'this  "luxus  respiration."]  Periodic  irregularities  in  the  respiration  are  often  of  reflex 
origin  {J^Holi). 

HI.    GENERAL  VIEW  OF  THE  RESPIRATORY  MUSCLES, 

(A)  Inspiration. 
1.  During  Ordinary  Inspiration. 

1.  The  diaphragm  {^Nennts phrfnicus), 

2.  The  Mm.  levatorcs  costanim  longi  ct  breves  {^Rmni p&steriores  Nn.  d&rsaiium), 

3.  llie  Mm.  intercostales  externi  et  tntercartibginei  {Nn.  intercostaies), 

II.  During  Forced  Respiration. 
{jj)  Muscles  of  ihe  Trunk. 

1.  The  three  Mm.  scaleni  \  Rami  muscuiares  of  the  plexus  cervicaiis  et  braeKiaSs). 

2.  M.  sttrnocleidomastoidcus  {Ratn.  extetnus  N.  auessorii). 

3.  M.  iX3i\icz\wA{R.  exlerfius  N.  accessorit  et  Ram,  musculares  plexus  cervi<aJis)~ 

4.  M.  pectoralis  minor  (TV//.  thoracUi  anteriores). 

5.  M.  serratus  postictis  superior  {N.  i/orsalis  scapula). 

6.  Mm.  rhomboidei  (.A'',  dorsalis  scapultt). 

7.  Mm.  extensores  columns  vertebralis  (^Ram.  posteriores  nervorum  dorsalium 
[8.  Mm.  serrattis  amicus  major  {^N.  thoracicus  l&ngus).  ??] 

(^)  Muscles  of  the  Larynx. 
I.   M.  stcrnohyoideus  {Ram.  descendens liypoglossi). 
7.   M.  sternothyrcoidcus  (Ram.  descendens  hypoglosst). 

3.  M.  crico-arytaenoideus  posticus  (JV.  laryngeus  inferior  vagi), 

4.  M.  thyreo-arytaenoideuB  N.  {laryngeus  inferior  vagi). 

(c)  Muscles  of  the  Face. 

1.  M.  dilatator  nariura  anterior  et  posterior  {N.  facialis). 

2.  M.  Icxator  ala;  nasi  {N.  facialis). 
J.  The  dilators  of  the  mouth  and  nares,  during  forced  respiration   ["  gaspi 

for  breath  "],  {^N.  facialis). 

id)  Muscles  of  the  Pharynx. 

1.  M.  levator  veil  palatini  (A". /j^/a//f). 

2.  M.  azygos  uvula:  {N.  facialis). 

3.  According  to  Garland,  the  pharynx  is  always  narrowed. 

(B)  Expiration. 
T.  During  Ordinarv  Respiration. 
The  thoracic  cavity  is  diminished  by  the  weight  of  the  chest,  the  elasticity 
the  lungs,  costal  cartilagesj  and  abdominal  muscles. 


i 
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Fig.  138. 


Ddring  Forced  Expiration. 
TAf  Afufomi/iai  Muscles, 
I.   The  abdoininat  muscles  [including  the  obliquus  externus  and  internus,  and 
transversalis  abdominis]  (.Y«.  abdominis  iniernis  anferiores  c  nervis  intercostalibus, 
a-ia). 

3.  Mm.  intcrcostales  intcrni,  so  far  as  they  He  between  the  osseous  parts  of  the 
ribs,  and  the  Mm.  infracostales  {Nn.  inier<ostaies\ 

3.  M.  triangularis  sterni  {Nn.  inter  costal fs). 

4.  M.  serraius  posticius  inferior  {Ham.  extemi  nenf.  dor  solium'), 

5.  M.  quadratiis  lumborum  {Ram.  muscular  e  plexu  lumbali). 

113.  ACTION  OK  THE  INDIVIDUAL  RESPIRATORY  MUSCLES.— (A)  Inspi- 
ration.— |t)  The  Diaphragm  ariMU  from  tlie  cartilages  aud  the  a<ljuining  oiueous  parts  of  tlie 
lower  fix  rit»  (co»ut  portion),  by  two  thick  procetses  or  crura,  from  ihc  upper  three  or  tour  lumbar 
vvrtebrit,  and  a  flernal  portion  fmm  the  back  of  the  ensiromi  procos.  It  ve\yre*KT\li  an  orc^eJ 
J^H&le  cH/^ia  Qt  (\omt%\\»\«\  iwriition,  directed  toward  (he  chest;  in  the  larRer  concavity  00  the 
right  tide  liei  the  hver.  while  the  smaller  arch  on  ihe  left  tide  is  occupied  by  the  spleen  and 
stomach.  I>aring  the  pauive  condition,  these  viitccra  are  pres<ied  aj;ain&t  the  ander  surface 'of  the 
diaphragm,  by  the  elasticity  of  the  abdominal  walls,  and  by  ihc  intra-abdominal  preuure,  eo  that 
the  arch  of  the  diaphragm  it  preued  upward  into  the  chest.  The  elastic  Iradton  of  Ihe  lungs  also 
aids  In  pntducing  this  result.  The  greater  part  of  the  ti)>t>er  surface  of  the  central  tendon  of  the 
diaphragm  is  united  to  the  iiericardium.  Ttie  part  on  which  the  heart  rests,  and  which  is  perforated 
by  the  infenor  vena  cava  (toramcn  ciuadrilaterum)  is  the  deepest  part  of  the  middle  poition  of  the 
diaphragm  during  the  passive  coodltioo. 

Action  of  the  Diaphragm. — When  the  diaphragm  contracts,  both  arched 
portions  become  flatter,  and  the  chest  is  thereby  elongated  from  above  downward. 
In  this  act,  the  lateral  muscular  parts  of  the  diaphragm  pass  from  an  arched  con- 
dition into  a  flatter  form  (Fig.  13S),  and 
during  a  forced  inspiration  the  lowest  lateral 
portion.s,  which  during  rest  are  in  contact 
with  the  chest  wall,  become  separated  from 
it.  The  middle  of  the  central  tendon 
where  the  heart  rests  (fixed  by  means  of  the 
pericardium  and  inferior  vena  cava)  lakes 
DO  share  in  this  movement,  especially  in 
ordinary  quiet  breathing,  but  during  the 
deepest  inspiration  it  sinks  somewhat. 

Undoubtedly,  the  diaphragm  Is  ibc  most  jiowcrrut 
agent  io  increasing  the  cavity  of  the  chest.  Drilclce 
believes  that  in  addition  to  increasing  the  length  of 
the  thoracic  cavity  from  above  downward,  it  alMi  in* 
creases  the  lran»vcrse  diameter  of  Ihe  lower  jnirt  of 
the  chest.  It  presses  upon  the  abdominal  viscera 
from  above,  and  alrivea  to  press  these  outward,  thtu 
(ending  to  push  out  the  xljoining  thoracic  wall.  If 
the  contents  of  the  abdomen  are  removed  from  a  Itv- 
ing  animal,  every  time  the  diaphragm  cuniracts  the 
ri^  are  drawn  inward.  This,  of  coune,  hinder?  lite 
chest  from  Ijecoming  wider  l^elow,  hence  the  presence 
of  Ihe  abdominal  viscera  seems  lo  be  neceuary  for 
the  nonaal  activity  of  the  dinphrngm.  Every  con* 
traction  of  the  diaphragm,  l>y  increjuing  the  intni- 
Abdominal  pressure,  favors  (he  venous  blood  carrcot 
ID  Ine  alxlomen  toward  the  vena  cava  inferior. 

Phrenic  Nerve. — The  immenw;  importance  of  the 
tfAphmgm  as  i/ie  ^reat  impirafory  musi/e  ii  jimvctl 
^  the  fact  that,  after  both  plirenic  nerves  (third  and 
lowih  cervical  nerves)  are  divided,  death  occurs.  The 
phrenic  nerve  contains  some  sensory  tibrcs  for  the 
nlnira,  pericsrilium.  and  a  portion  of  the  diaphragm.  The  contraction  of  the  diaphragm  it  not  to 
be  rvgarded  as  a  "  simple  muscular  contraction,"  since  it  lasts  4  to  8  times  longer  llua  a  simple 


SagltuI  «»ction  ihnMigh  tkc  Mtcood  rib  on  th« 
riiht  «ldr.  When  the  arched  mtucuUr  pari 
olthc  dUpltracnt  oaalncu.  a  w«dgft-«b«|Md 
itp»ce,  with  ItB  apex  downward,  w  forfiM^ 
an>uMl(hedrcuiawreacc  of  tlw  knrv  part  of 
t)techcsL 
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contraction;  U  ii  rather  a  ithort  tetanic  contraction,  which  we  may  arrest  in  any  stage  of  ksadtvity, 
without  bringing  into  action  any  antagonistic  muscles  {Kroneeker  and  Marekwa/d). 

(2)  The  Elevators  of  the  Ribs, — The  rihs  at  llicir  vertebral  ends  (which  lie  much  higher  thao 
their  sternal  cntis)  arc  united  by  means  of  joints  hy  thetr  heads  and  tubercles  to  the  bodies  and  tran»- 
vcrse  procea&cs  of  the  vertebnc.  A  horizoatal  axis  can  be  drawn  throu|£h  both  joinu,  around  which 
the  ribs  can  rotate  upward  and  downwar<l.  If  the  axis  of  roLition  of  each  pair  of  ribs  be  prolonged 
on  both  sides  until  ihey  meet  in  the  middle  line,  the  angles  so  formed  are  greatest  above  (tas**,!, 
and  smallest  below  (8«^).  Owing  to  the  rihs  being  curved,  we  can  imagine  a  plane  which,  in  the 
passive  (expiratory)  condition  of  the  cliest,  has  a  slope  from  behind  and  inward  to  the  front  and 
outward.  If  the  ribs  move  on  their  axis  of  rotation,  this  plane  becomes  more  horifonlal,  and  the 
thoracic  cavity  ii  increased  in  lis  transverse  diameter.  As  the  axis  of  rotation  of  the  upper  h)j« 
runs  in  a  more  frontal,  and  that  of  the  lower  ribs  in  a  more  sagittal  direction,  the  elevation  of  ihe 
upper  ribs  cause*  a  greater  increase  from  before  backward,  and  the  tower  rihs  from  within  outward 
(as  the  movements  of  ribs  which  are  directed  downward  are  vertical  to  the  axii).  The  costal  cartil- 
ages undergo  a  slight  tension  at  the  same  time,  which  brings  their  elasticity  tnio  play. 

Changes  in  the  Chest. — A//  *'  inspiratory  muscles"  which  act  direcify  mpoit 
the  ch(  St  wall  do  so  by  raising  the  ribs:  {a)  When  ihe  ribs  are  raised,  the  inter- 
costaj  spaces  are  widened.  (^)  When  the  upper  ribs  are  raised,  all  the  lower  ribs 
and  the  sternum  must  be  elevated  at  the  same  time,  because  all  the  ribs  are  con- 
nected with  each  other  by  means  of  the  soft  parts  of  the  intercostal  spaces,  (r) 
During  inspiration,  there  is  an  elevation  of  the  ribs  and  a  dilatation  of  the  inter- 
costal spaces.  (The  lowest  rib  is  an  exception  ;  during  forced  respiration,  at  least, 
it  is  drawn  downward.)  {d)  If,  on  a  preparation  of  the  chest,  the  ribs  be  raised 
as  in  inspiration,  we  may  regard  all  Chose  muscles  ns  elevators  of  the  ribs,  whose 
origin  and  insertion  become  approximated.  Every  one  is  agreed  that  the  scaitni 
and  icvatorcs  costarum  lon^  et  hreves,  the  serratus  posticus  su/cnor^  are  inspiratory 
mtiscles.    These  are  the  most  important  inspiratory  muscles  which  act  upon  the  ribs. 

Intercostal   Muscles. — With 
Fic.  139. 

r 


i 


regard  lo  the  action  of  the  inter- 
costal mtjscles,  there  is  a  great  dif* 
ference  of  opinion.  According  to 
the  above  experiment,  the  external 
intercostals  and  the  intercartilagin- 
ous  i>arts  of  the  internal  intercostals 
act  as  mspjraiory  muscles,  while  the 
remaining  portions  of  the  internal 
intercostals  (as  far  as  they  are  cov. 
ered  by  the  external)  are  elongated 
when  the  ribs  are  raised,  while  they 
shorten  when  the  chest  wall  de- 
scends. A  muscle  shortens  only 
during  its  activity.  The  internal 
intercostals  were  regarded  by  Ham- 
berger  as  depressors  of  the  ribs  or 
expiratory  muscles. 

In  Fig.  139,  I,  when  the  ntds.  a  mnd  I 
(which  represent  the  ribs),  are  raised,  the  in- 
tercosial  space  must  be  widened  [f/'^  «' t/1. 
On  ihc  o|»|>osite  side  of  the  figure,  it  is  evi- 
dent that  when  the  rods  are  raised,  the  line, 
g  h,  is  shortened  (1^  <^f  M,  direction  of 
ine  external  intercostals), /w  ts  lengthened 
(/«<""'»,  direaion  of  internal  intercos- 
tals.) Kig.  139,  H,  shows,  that  when  the 
ribs  are  raised,  the  intercartilaginei,  indi- 
cated hy  g  A,  and  the  external  intercosuit 

indicated  by  /  k,  are  shortened.     When  the  rihs  are  raised,  the  position  of  the  muscular  fihtcs  is 

indicated  by  the  diagonal  of  the  rhomb  becoming  shorter. 
The  mode  of  action  of  the  tntcrcoMal  muscles  ia  an  old  story,  Galen  (131-203  a.  p.)  recudiog 


S^tcme  of  ihc  acttoa  of  ihc  tnurcosud  nuscln. 
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the  externals  as  intpiratary,  theimcmals  as  expiratory.  Hamberiger  (1737)  accepted  this  proposi- 
tion, and  Considered  the  iDtercarttlagitiei  also  as  inspiratory.  Hidler  looked  upon  both  the  external 
and  internal  intercuslals  as  iiupiratory,  wliilc  Vesahus  (1540)  regarded  both  as  expirator)'.  Lan* 
derer.  ob«erviDg  thai  the  upper  two  or  three  intercoital  spaces  became  narrower  during  inspiration, 
regjirded  both  a&  active  during  inspiration  and  expiraiinn.  They  l^eepone  rib  attached  to  the  other, 
•o  thai  their  action  is  to  transmit  any  strain  put  upon  them  to  the  wall  ot  the  chest.  On  this  view 
they  will  be  in  action,  even  when  the  distance  bclweca  their  points  of  attachment  iiecomex  (greater. 
Laodois  regards  the  external  intcrcostals  and  intercanilaginei  as  active  im^' during  inspiration,  the 
internal  inlercosttils  only  during  expiration.  [Martin  and  llartwell  exposed  the  internal  intcrcostals, 
and  observed  whether  they  contracted  along  with  the  diaphragm,  or  whether  the  coDtroctions  of 
tfaae  two  miucles  alternate.  As  the  result  of  their  experiments,  they  conclude  that  "  the  internal 
iotcmwial  ntucln  arc  expiratory  throughnut  their  whole  extent,  at  least  in  the  dog  and  cat ;  and 
that  in  the  former  animal  they  are  almost  "ordinary  "  muscles  of  respiration,  while  in  the  Utter 
they  are  '  extraordinary  '  respiratory  muscles."]  I^nduis  is  of  opinion  that  the  c^iV/* action  of  these 
muscles  is  not  to  raise  or  depress  the  ribs,  but  rather  that  the  external  intercostals  and  the  inter- 
caitilaginei  offer  resistance  to  the  insinratory  dilatation  of  the  intercostal  spaces,  and  to  the  limul- 
laneotuly  incrca.<ed  elastic  lettMon-ofthe  lungs.  The  internal  intercostals  act  during  powerful 
capiraiory  efforts  {<.  g.,  coughing),  and  oppose  the  diMention  of  the  lungs  and  chest  caused  by  this 
act.  Unlesa  muscles  were  present  to  resist  the  uninterrupted  tension  and  pressure,  the  intercostal 
Sttfaslance  would  become  so  distended  that  respiration  would  be  impossihle.  [According  to  Kuther- 
ford,  the  internal  intercostals  are  probably  muscles  of  inspiration] 

The  Pectoralis  minor  and  ( ?  Serratus  anticus  major)  can  only  act  as 
elevators  of  the  ribs  when  the  shoulders  are  fixed,  partly  by  the  rhoinhoidei,  and 
partly  by  fixing  the  shotilder  joint  and  supporting  the  arms,  aa  is  done  instinctively 
by  persons  suffering  from  breathlcssness. 

(3)  Muscles  acting  on  the  Sternum,  Clavicle,  and  Vertebral  Col- 
umn.— When  ihc  head  is  fixed  by  the  muscles  of  the  neck,  the  sternocleido- 
mastoid raises  the  manubrium  sterni  and  the  sternal  end  of  the  ciavicle,  so  that 
the  thorax  is  raised  and  thereby  dilated.  The  scaleni  also  aid  in  this  act.  The 
clavicular  portion  of  the  trapezius  may  act  in  a  similar  although  less  energetic 
manlier.  When  the  trerubrai  column  is  straighUntd^  it  causes  an  elevation  of  the 
upper  ribs,  and  a  dilatation  of  the  intercostal  spaces  which  aid  inspiration. 
During  deep  respiration,  the  straightening  of  the  vertebral  column  takes  place 
involuntarily. 

{4)  Laryngeal  Movements. — During  labored  respiration,  with  every  irispi- 
ration,  the  larynx  descends  and  the  glottis  is  opened.  At  the  same  time  the  palate 
is  raised,  so  as  to  permit  a  free  pas-sage  to  the  air  entering  through  the  mouth. 

(5")  Facial  Movements. — During  labored  respiration,  the  facial  muscles  are 
involved  ;  there  is  an  inspiratory  dilatation  of  the  nostrils  (well  marked  in  the 
horse  and  rabbit).  When  the  need  for  respiration  is  very  great,  the  mouth  is 
gradually  widened,  and  the  person,  as  it  were,  gasps  for  breath.  During  expiration, 
the  muscles  that  arc  active  during  (4)  and  (5)  relax,  so  that  a  position  of  equi- 
librium is  established  without  there  being  any  active  expiratory  movement  to 
counteract  the  inspiratory  movement.  During  inspiration  the  pharynx  becomes 
narrow  (  Gar/and). 

(B)  Expiration. — Ordinary  expiration  occurs  without  the  aid  of  muscles, 
o»mg  to  the  weight  of  the  chest,  which  tends  to  fall  into  its  normal  position 
from  the  position  to  which  it  was  raised  during  inspiration.  This  is  aided  by  the 
elasticity  of  tlie  various  |>arts  of  the  chest.  When  the  costal  cartilages  are  raised, 
which  is  accompanied  by  a  slight  rotation  of  their  lower  margins  from  below 
forward  and  upward,  their  elasticity  is  called  into  play.  As  soon,  therefore,  as 
the  inspiratory  forces  cease,  the  costal  cartilages  return  to  their  normal  position, 
ie.,  the  position  of  expiration,  and  tend  to  untwist  themselves;  at  the  same  time, 
ihe  elasticity  of  the  distended  lungs  draws  upon  the  thoracic  walls  and  the 
diaphragm.  lastly,  the  tense  and  elastic  abdominal  walls,  which,  in  man 
chiefly,  are  stretched  and  pushed  forward,  tend  to  return  to  their  non-distended 
passive  condition  when  the  abdominal  viscera  are  relieved  from  the  pressure  of 
ft     the  contracted  diaphragm.     ;When  the  position  of  the  body  ts  reversed,  the  action 
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of  the  weight  of  the  chest  is  removed,  but  in  place  of  it  there  is  the  wreight  of  the 
viscera,  which  press  upon  the  diaphragm.) 

The    abdominal    muscles    [obliquus    internus   and    extemus,   transversalis 
abdominis  and  levator  anil  are  always  active  during  labored  respiration.     They 
act  by  diminishing  the  abdominul  cavity,  and  they  press  the  abdominal  contents 
upward  against  the  diaphragm.     When  ihey  act  simultaneous! y^  ihe  abdominal 
cavity  is  diminished  throughout  its  whole  extent.     The  triangularis   stcrni 
depresses  the  sternal  ends  of  the  united  cartilages  and  bon«,  from  the  third  to 
sixth  ribs  downward  ;  and  the  serratus  posticus  inferior  depresses  ihe  lowest , 
four  ribsi  causing  the  other  to  folluw.     it  is  aided  by  the  quadratus  lumboruni,i 
which  depresses  the  last  rib.     According  to  Henle,  the  serratus  posticus  inferior^ 
fixes  the  lower  ribs  for  the  action  of  the  slips  of  the  diaphragm  inserted  into  them, 
so  that  it  acts  during  inspiration.     According  to  Landerer,  the  downward  niove-i 
menl  of  the  ribs  in  the  lower  part  of  the  thorax  dilates  the  chest. 

in  the  erect  posiUon,  when  the  vertebral  column  It  fixed,  deep  inspiration  and  eapiration  naiuralM 
alter  the  position  of  the  centre  of  gravity,  so  that  during  inspiration,  owing  to  the  proiruston  of  th 
tlioracic  and  abdominal  walls,  the  centre  of  gravity  lies  tomewhat  more  to  the  front.  Hence,  with] 
each  respiration  there  is  an  involuntary  balancing  of  the  body.  Dnring  very  deep  inspiration,  ihej 
accompanying  Mruighlening  of  the  vertebral  column,  and  the  throwing  backward  of  the  bead  con 
pcnsaie  for  the  protrusion  of  the  anterior  walls  of  the  trunk. 

114.  RELATIVE   DIMENSIONS  OF  THE  CHEST.— The  diameter  of  the  chot 
ascertained  by  means  of  callipers;  llic  circumference  wiih  a  flexible  centimetre  or  other  measure. 

In  strong  men,  the  circumference  of  the  upper  part  of  the  chest  (immediatelj 
under  the  arms)  is  8S  centimetres  (34.3  inches),  in  females  82  centimetres  (3J 
inches) ;  at  the  level  of  the  ensifonn  process  82  centimetres  (33  inches)  and  7J 
centimetres  (30.4  inches)  respectively.  When  the  arms  arc  placed  horizontallyJ 
during  moderate  expiration,  the  circumference  immediately  under  the  nipple  anf 
the  angles  of  the  scapulae  is  equal  to  half  the  length  of  the  body  ;  in  man  82,  an^ 
during  deep  inspiration  S9  centimetres.  The  circumference  at  the  level  of  ih 
ensiform  cartilage  is  6  centimetres  less.  In  old  people,  the  circumference  of  th^ 
tipper  part  of  the  chest  is  diminished,  so  that  the  lower  part  becomes  the  wider  of 
the  two.  The  right  half  of  the  chest  is  usually  slightly  larger  than  the  left  half, 
owing  to  the  greater  development  of  the  muscles  on  that  side.  The  long 
diameter  of  the  chest — from  the  clavicle  to  the  margin  of  the  lowest  rib — varies 
very  much. 

The  transverse  diameter  in  man,  above  and  below,  is  25  to  26  centimetres 
(g.7  to  10. 1  inches),  in  females  23  to  24  centimetres  (8.9  to  9.2  inches)  ;  above 
the  nipple  it  is  i  centimetre  more.  The  antero-posterior  diameter  (distance  of 
anterior  chest  wall  from  the  lip  of  a  spinous  process)  in  the  upper  part  of  the  chest 
is  ^  17  (6.6  inches),  in  the  lower  19  centimetres  (7.4  inches).  Valentin  found 
that  in  a  man,  during  the  deei^est  inspiration,  the  chest  on  a  level  with  the  groove 
in  the  heart  was  increased  about  -f^  to  ^ ;  while  Sibson  estimates  the  increase  at 
the  level  of  the  nipple  to  be  -fjf. 

Thoracomeier. — 1q  order  to  obtain  a  knowledge  of  the  degree  of  movement — rising  or  falling — 
of  the  cheM  wall  during  respiration,  various  inMmmCnts  have  been  invented.  The  ihorscumetcr 
I  Fig.  l^l)  measures  ihe  elevation  in  different  parts  or  the  sleraum.  It  cunsitils  of  two  metallic  Inn 
placed  at  right  angles  to  each  other  ;  one  of  ihcm.  A,  U  placed  on  the  vertebral  column.  On  B 
(hete  is  placed  a  movable  tron^verse  t)ar.  C,  which  carries  on  its  free  end  a  toothed  rod,  Z,  direct 
downward.  The  lower  end  of  this  rod  is  provided  with  a  pad  which  rests  on  ibe  sternum,  whij 
its  toothed  edge  drives  a  small  wheel,  which  moves  an  index,  whose  excursions  are  indicated  oa 
circle  with  a  scale  attached  10  u. 

The  Cyrtometer  of  Woillcz  consists  of  a  brass  chain  of  movable  linlts,  to  be  applied  in  a  defi- 
nite direction  to  pari  of  the  chest  watt, /,/.,  transversely  on  a  level  with  the  nipple,  or  venically 
u|>on  ihc  mauimillary  or  axillary  linen  anteriorly.  There  arc  freely  movable  linis  at  two  paru, 
which  permii  the  chnin  to  be  easily  removed,  so  that  as  a  whole  it  sttit  retains  its  form.  The  chain 
is  laid  upon  a  sheet  of  paper,  anri  a  line  drawn  with  a  pencil  around  its  inner  margin  gives  the  form, 
of  the  thorax  (Fig.  140).     [A  lead  wire  answers  the  same  purpose.] 
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Limits  of  the  Lungs. — The  extent  and  boundaries  of  the  lungs  are  ascer- 
tained in  the  living  subject  by  means  of  percussion,  which  consists  in  lightly 
tapping  the  chest  wall  by  means  of  a  hammer  (^percussion  hammer).  A  small 
ivory  or  bone  plate  or  plcximctcr,  held  in  the  left  hand,  is  laid  on  the  chest, 
and  the  hammer  is  made  to  strike  this  plate,  whereby  a  sound  is  emitted,  which 
sound  varies  with  the  condition  of  the  subjacent  lung  tissue.  Whenever  the  lung 
substance  in  contact  with  the  chest  wall  contains  air,  a  clear  resonant  tone  or  sound 
— such  as  is  obtained  by  striking  a  vessel  containing  air,  a  clear  percussion  sound 
— is  obtained.  Where  the  lung  docs  not  contain  air,  a  dull  sound — like  striking 
a  limb — is  obtained.  If  the  parts  containing  air  be  very  thin,  or  only  partially 
filled  with  air,  the  sound  is  "  muffled." 

Fig.  141  indicates  the  relation  of  the  lungs  to  the  anterior  surface  of  the  chest. 
The  apices  of  the  lun^s  reach  3  to  7  centimetres  (i.i  to  2.7  inches')  above  the 
clavicles  ajileriorly,  while  posteriorly  they  extend  from  the  spines  of  the  scapula; 
as  high  as  the  seventh  spinous  process.  The  louver  mar^n  of  the  right  iung  in  the 
passive  position  (moderate  expiration)  of  the  chest,  commences  at  the  right  margin 
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of  the  Sternum  at  the  insertion  of  the  sixth  rib,  nms  under  the  right  nipple,  nearly 
parallel  to  the  upper  border  of  the  sixth  rib,  and  descends  a  little  in  the  axillarj' 
line,  to  the  upper  margin  of  the  seventh  rib.  On  the  ie/t  side  (apart  from  the 
position  of  the  heart),  the  lower  limit  reaches  as  far  down  anteriorly  as  the  right. 
In  Fig.  142  the  line  a,  /,  b  shows  the  lowest  limit  of  the  passive  lungs.  Foste- 
TO^frboth  lungs  reach  as  fardown  as  the  tenth  rib.  During  the  deepest  inspiration. 
the  lungs  descend  anterjorly  as  far  as  between  the  sixth  and  seventh  ribs,  and  pos- 
teriorly to  the  eleventh  rib— whereby  the  diaphragm  is  separated  from  the  thoracic 
■»ll  (Fig.  143).  During  the  deepest  expiration^  the  lower  margins  of  the  Iimgs  are 
elevated  almost  as  much  as  they  descend  during  inspiration.  In  Fig.  143, 
■."indicates  the  margin  of  the  right  lung  during  deep  inspiration  ;  A,  /,  during 
*|**p  expiration.  [The  part  of  the  chest  wall  covered  by  the  costal  pleura  is  con- 
uderably  larger  than  the  circumference  of  the  lung.  This  is  specially  marked  at 
w  lover  margin  of  the  lung,  and  where  the  left  lung  is  incised  over  the  heart. 
In  these  regions,  during  expiration,  the  surfaces  of  the  visceral  and  parietal  pleune 
*^e  in  contact,  but  during  inspiration  they  are  separated,  and  allow  the  thin  mar- 
ifiiVor  the  lung  to  be  insinuated  between  them.     This  available  space  ts  called 
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com  pie  mental  space  {Gerhardt^oi  *' disposable  "  or  reserve  pleural  space 
by  Kuschka  {Jiichhorsf).^ 

It  is  imi>orlant  to  observe  the  relation  of  the  margin  of  the  left  lung  to  the  heart. 
In  Fig.  142  a  somewhat  triangular  space,  reaching  from  ihc  middle  of  the  point  of 
insertion  of  the  fourth  rib  to  the  sixth  rib  on  the  left  side  of  the  sternum,  is  indi- 
cated. In  the  passive  chest,  the  heart  lies  in  contact  with  the  thoracic  wall  in  this 
triangular  area  (§  56).  This  area  is  represented  by  the  triangle  /,  /,  /",  and  per- 
cussion over  it  gives  a  dull  sound  (superficial  dullness). 

In  the  area  of  the  larger  triangle,  d,  (/,  a",  where  the  heart  is  separated  from 

the  chest  wall  by  the  thin  anterior  margins  of  the  lung,  percussion  gives  a  muffled 

•sound,  while  further  outward  a  clear  lung  percussion  sound  is  obtained.      During 

deep  inspiration,  the  inner  margin  of  the  left  lung  reaches  over  the  heart  as  far  as 

Fii;.  142. 
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the  insertion  of  the  mediastinum,  whereby  the  dull  sound  is  limited  to  thcsmallc 
triangle,  /,  /,  i*.     Conversely,  during  very  complete  expiration,  the  margin  of  the 
lung  recedes  so  far  that  the  cardiac  dullness  embraces  the  s|>ace,  /,  <r,  /. 

115.  PATHOLOGICAL  PERCUSSION   SOUNDS.— Abnormal  DullneM.— Thci 

mftl  clear  rcsuiuni  percui»ion  soniid  of  the  lungs  becomes  mulTled  when  inBltraiiua  takes  pla.ce  into 
the  lungs,  so  as  lo  diminish  the  normal  atnuunt  of  air  within  them,  or  when  the  luDgtare  compressed 
from  wiiliout,  e-j^.,  by  eflfusion  of  fluid  into  the  pleurn.  The  percussion  stiuiu]  becotnes clearer  when 
the  che&l  wall  is  very  thin,  as  in  Kpare  individuals,  during  very  deep  inspiration,  and  espcciatiy  in 
emphysema,  where  the  air  vesicles  of  cennin  paru  of  the  long  (apices  and  margins)  become  greiily 
dilated. 

The  pitch  of  the  perci»sion  sound  ought  alao  lo  be  noted.  It  depends  upon  the  greater  or  leu 
tension  of  the  elastic  pulmonary  tissue,  and  on  the  elasticity  of  the  thoracic  wall.  The  tension  of 
the  elastic  tissue  is  incressed  during  inspiration  and  diminished  during  expiration,  so  that  even 
under  physiological  coodiiions,  the  pitch  of  the  sound  varies. 
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Tbc  Kiood  is  laid  to  be  tympanitic  when  it  bos  a  musical  quality  resembltog  in  lis  Umbte  the 
sound  produced  on  drums,  and  when  it  has  a  slight  variation  in  pitch.  If  a  caoutchouc  ball  b« 
placed  near  the  ear,  on  tapping  it  gently,  a  well-marlted  lymfianitic  sound  is  heard,  and  the  sound  Li 
of  higher  pitch  the  smaller  the  diameter  of  the  ball.  A  tympanitic  sound  is  always  produced  on 
tapping  the  trachea  in  the  neck.  .•/  iympanUic  sound  protiuceJ  ever  Ike  thfil  ii  afumy^  itttiica' 
Hvto/  a  disrasfd contiilioH.  It  occurs  in  cases  of  cavities  or  vomica:  within  the  substance  of  the 
long  (the  sound  becomes  deeper  when  the  mouth,  or  better,  the  mouth  and  noce,  are  closed),  when 
air  it  preseot  in  one  pleural  cavity,  as  well  as  in  conditiont  where  the  tension  of  the  pulmonary 
tismes  is  diminiihed.  The  tymimniiic  sound  resembles  the  meiallic  tinkling  which  is  heard  In 
large  pAiltolngical  cavities  in  the  lungs,  or  which  occurs  when  the  pleural  cavity  contnins  air,  and 
when  the  conditions  which  permit  a  more  uniform  rellectioo  of  the  sound  waves  within  the  canty 
are   present. 

[When  a  cavity,  freely  communicating  with  a  targe  bronchus,  exists  in  the  up[>er  and  anterior 
part  of  the  lung,  a  peculiar  "  cracked-pot  sound  "  is  heard  on  percussing  over  the  part.  Seme 
no4ion  of  this  sound  may  lie  obtained  by  clasping  the  two  hands  so  as  to  bring  the  jialms  nearly 
together,  leaving  an  air  space  between,  and  then  striking  them  on  the  knee.  When  percnision  is 
made  over  a  large  cavity  communicating  with  a  bronchus,  some  of  the  air  Is  ex[>elled,  and  the  sound 
thereby  emitted  is  blended  with  the  fundamental  note  of  the  air  in  the  cavity  itself,  the  combination 
of  these  two  sounds  thus  producing  the  "cracked-pot  "  sound.] 

Reaiatance. — When  percussing  a  chest,  we  may  determine  whether  the  substance  lying  under  the 
portion  of  the  chest  under  examination  presents  great  or  small  resistance  to  the  blow,  either  of  the 
pereosuon  hammer  or  of  the  ti(«  of  the  lingers,  as  the  case  may  be  [<'■,«,'.,  in  great  pleuritic  effusion 
exening  much  pressure  on.  and  so  di»tendtn^,  the  thoracic  walla]. 

Phonometry. — If  the  stem  of  a  vibrating  tuning  fork  be  placed  on  the  chest  wall,  over  a  part  con- 
taining air,  iu  sound  is  inicntilied  :  but  if  it  be  placed  over  a  ponion  of  the  lung  which  contains  tittle 
or  no  air,  its  sound  is  enfeebled  ( l'<m  Boat), 

xi6.  THE  NORMAL  RESPIRATORY  SOUNDS.— If  theeardireclly, 

or  through  the  incdiuin  of  a  stethoscope,  be  placed  in  connection  with  the  chest 
wall,  we  hear  over  the  entire  area,  where  the  lung  is  in  contact  with  the  chest,  the 
so<alled  "  normal  vesicular  sound/ '  which  is  audible  during  inspira/wn^  and 
its  typical  characters  may  be  studied  by  listening  in  the  infra-scapular  region  in  an 
adult.  It  is  a  fine  sighing  or  bree/.y  sound  [which  gradually  increases  in  intensity 
until  it  reaches  a  maximum,  and  falls  away  before  expiration  begins].  It  is  said 
to  be  caused  by  the  sudden  dilatation  of  the  air  vesicles  (hence  *' vesicular  ") 
during  inspiration,  and  it  is  also  ascribed  to  the  friction  of  the  current  of  air  enter- 
ing the  alveoli.  The  sound  has,  at  one  time,  a  soft,  at  another,  a  sharper  character ; 
the  latter  occurs  constantly  in  children  up  to  t2  years  of  age.  In  their  case  the 
sound  is  sharper,  because  the  air,  in  entering  vesicles  one-third  narrower,  is  sub- 
jected to  greater  friction.  This  is  followed  by  an  expiratory  sound,  which  may  be 
absent  during  quiet  breathing.  It  is  a  feeble  sighing  sound,  of  an  indistinct,  soft 
character,  caused  by  the  air  passing  out  of  the  air  vesicles,  is  three  or  four  times 
shorter  than  the  inspiratory,  is  loudest  at  first,  and  soon  disappears,  the  latter  part 
of  the  expiratory  act  giving  rise  to  no  audible  sound.  Its  absence  is  not  a  sign 
of  disease,  but  when  it  is  prolonged  and  loud,  suspicion  is  aroused.] 

Bronchial  Respiration. — Within  the  larger  air  passages — larynx,  trachea, 
bronchi^ — during  inspiration  and  expiration,  there  arc  loud,  rough,  harsh  sounds 
like  a  sharp  h  or  ch — the  **  bronrhiiW — the  laryngeal,  tracheal,  or  "  tubular  " 
sound,  or  breathing.  [In  normal  bronchial  breathing,  as  heard  over  the  trachea, 
there  is  a  pause  between  the  inspiratory  and  expiratory  sounds,  which  arc  of  nearly 
equal  duration  and  of  about  the  same  intensity  throughout.  These  sounds  are  also 
heard  between  (he  scapulie,  at  the  level  of  the  fourth  dorsal  vertebra  (bifurcation 
of  trachea),  and  they  occur  also  during  expiration,  being  slightly  louder  on  the 
right  side,  owing  to  the  slightly  greater  calibre  of  the  right  bronchus.  At  all 
other  parts  of  the  chest,  the  vesicular  sound  olwcures  the  tubular  or  bronchial 
sound.  If  the  air  vesicles  are  deprived  of  their  air,  the  tubular  breathing  becomes 
distinct. 

Bronchial  respiration  is  produced  chiefly  in  the  larynx,  owing  to  the  formation 
of  air  eddies  in  consequence  of  the  narrowing  of  the  respiratory  jiart  of  the  glottis. 
This"  laryngeal  stenosis  sound  "  excites  resonance  of  the  tracheo-bronchialcoltimn 
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of  air,  and  communicates  to  it  the  specific  character  of  bronchial  breathing  vhic 
is  heard  over  the  large  tubes  of  the  bronchial  system  {Dehio). 

It  b  as^eited  that,  wlirn  lun^js  canlaiiiing  air  .ire  placed  over  the  trachea,  the  tubular  ionnt)  there 
produced  becomes  vesicular.  In  this  cose,  we  must  suppose  that  the  vesicular  sound  anses  from 
the  tuljuUr  breaihin^;  becoming  weakened,  and  acuu>lically  altered  by  Iving  conducted  throDj^h  the 
lun^;  alveoli.  A  sighing  sound  is  oftea  produced  at  the  apertures  of  the  noM  sod  mouib  during 
forced  inspiration. 

117.  PATHOLOGICAL  RESPIRATORY  SOUNDS.— [The  breath  sounds  beaid  in 
disease  may  1>C  merely  mn<iiticalio]ns  uf  the  normnl  vesicular  or  bronchial  sounds,  or  new  sounds, 
such  as  friction  sounds,  riLlcs.  or  rhonchi.] 

[Puerile  Breathing  i*  miTcly  an  cxagtjeraled  vesicular  sound,  so  called  l>ecause  it  resemble* 
the  luudcr  vehicular  sound  beard  in  children.  It  occurs  when  some  part  or  the  lung  is  unable 
to  act.  and  there  b,  as  it  were,  extra  work  of  the  other  parts  to  compensate,  and  thus  tbe  Kmtid  U 
exagperated.] 

(i)  Bronchial  or  Tubular  Breathing  occurs  over  the  entire  area  of  the  lung,  cither  when  tbe 
air  vessels  are  devoid  0/  air,  which  may  be  caused  by  the  exudation  of  fluid  or  solid  constituents, 
or  when  the  lungs  are  compressed  frum  without.  In  t>oth  cashes  vesiailar  sounds  disappear,  and 
tbe  condensed  or  .soIidiHed  lung  lissue  icndu(ts  the  tubular  sound  of  the  targe  bronchi  to  the 
surface  of  the  chest.  [The  sound  heard  over  a  hepati^ced  lobe  of  the  lung  iu  {meunaonia  is  a 
typical  example  ]      It  also  occurs  in  large  cavitien,  wiili  reiti^ant  walls  near  tbe  surface  of  ihe  lung, 

Erovided  these  cavities  communicate  with  a  large  bronchus.    [In  this  case  it  is  termed  cavernous 
reathtng.] 

( 2)  The  amphoric  sound  is  compared  to  that  produced  by  blowing  over  the  mouth  of  an  empty 
bottle.  It  occurs  either  when  a  tavily — at  least  the  size  of  the  fi^t— exists  in  the  lung,  which  is  so 
blown  into  during  respiration  that  a  peculiar  amphoric-like  sound,  with  a  metallic  timbie,  called 
metalUc  tinkling,  is  produced;  or  when  the  lung  Mill  contains  air.  and  is  capable  of  exparutou; 
as  there  is. still  air  in  the  pleural  cavity,  it  acts  as  a  resonator,  and  causes  an  amphoric  sound, 
simultaneous  with  the  change  of  air  in  the  lungs.  [I'be  ampliuric  sound  or  echo  and  metallic 
tinkling  arc  the  only  certain  signs  of  the  extMence  of  a  cavity  in  the  lung.] 

(3)  If  obstruction  occurs  in  the  course  of  the  air  passages  of  th^  lungs,  various  results  may 
accrue,  according  to  the  nature  of  tbe  resi<Jance :  (>i)  owing  to  various  causes,  /.  g.,  in  the  apices  of 
the  lungs,  there  may  be  partial  swelling  of  the  walls  of  the  air  tut>cs,  or  infiltration  into  the  air  cells, 
which  binders  the  regular  supply  of  air.  In  these  cases  ]>arts  of  t!ie  lung  are  not  Mipplied  with  ail 
continuously  ;  it  only  reaches  them  periodically,  when  a  cogwheel  sound  occurs.  A  similar  sound 
may  be  heard  occasionally  in  a  normal  lung,  when  the  mu>cle&  uf  the  chest  contract  in  a  periodic 
spasmodic  manner,  {h)  When  the  air  entering  large  bronchi  causes  the  furmation  of  bubbles  in  the 
mucus  which  may  have  accumulated  there  *'  mucous  riles  "  are  produced.  They  al«o  occur  io 
small  spaces  when  the  walls  are  separated  from  their  fluid  contents  by  the  air  entering  during  inspira- 
tion, or  when  the  walls,  being  adherent  to  each  other,  are  suddenly  pulled  asunder.  The  tAles  are 
distinguished  as  moist  (when  the  cunlents  are  fluid),  or  as  dry  (when  the  contents  are  Micky) ;  they 
may  be  inspiratory,  expiratory,  or  continuous,  or  they  may  be  coarse  or  fine  ;  further,  there  it  the 
very  tine  crcpiiaiioo,  or  crackling  soumL  and,  lastly,  the  metallic  tinkling  caused  in  large  cavities 
through  rcsnnancc.  [Crepitation  or  vesicular  rilles  are  6nc  crepitating  sounds  like  thotie  pro- 
duced by  rubbing  a  lock  ol  hair  between  the  6ngers  near  one's  ear ;  lliey  occur  only  during  insptra-  ,j- 
lion.  and  are  a  proof  that  some  air  is  entering  the  air  vesicles.  It  is  heard  in  its  typical  form  duriii|^fl 
the  lir.>4  stage  of  pneumonia,  and  seems  to  be  produced  by  the  bursting  of  minute  bubbles  of  air  ^^^ 
a  fluid.]  {()  When  the  mucous  membrane  of  the  broncht  is  greatly  swollen,  or  is  so  covered  with 
viscid  mucus  that  the  air  mu^  force  its  way  throuj;h,  deep  sonorous  rhonchl  [rhoncbi  sonori)  majr 
occur  in  the  large  air  passages,  and  clear,  shrill  sibilant  sounds  (rbonchi  sibilaotes)  in  the  unaller 
ones.     [Rhonchi  arc  usually  due  to  calarrli  or  to  affections  of  the  bronchial  mucous  membrane 

or  bronchitis  ]     When  there  is  extensive  bronchial  catarrh,  not  unfrcquently  we  feel  the  chcsi  wall 
vibrating  with  the  r&tc  sounds  (bronchial  fremitus). 

(4)  If  fluid  and  oir  occur  ti^cther  in  one  pleural  canity  in  which  the  lung  iscolhip9e<I,  on  shaking 
the  person's  thorax  vigorously  we  hear  a  suuttd  such  as  is  produced  when  air  and  water  ore  shaken 
together  in  a  bottle.  This  is  the  succusaLon  sound  of  Hippocrates.  Much  more  rarely  this  sourtd 
is  heard  under  sinoilar  conditions  in  large  pulmonary  cavities.  * 

(5 )  Pleural  Friction. — When  tbe  two  upin-sed  surfaces  of  the  pleura  are  inAaned,  have  become 
soft,  and  ate  covered  wiih  exudation,  they  move  over  each  other  during  respiration,  and  in  doing  so 
give  rise  to  friction  sounds. wtiich  can  be  felt  (often  In-the  |>aiienl  himself), and  can  also  )>e  heard. 
The  stiuntl  Is  comparable  10  the  sound  produced  by  bending  new  leather. 

(6)  Pectoral  Fremitus. — When  wc  5|ieak  or  sing  in  a  loud  tunc,  the  walls  of  Ihe  chest  vibra 
bccau!^  the  vibration  of  the  vocal  curds  i'«  propagated  ihroughout  the  entire  bronchial  ramtficalion 
The  vibration  is,  of  ''ourse,  greatest  near  the  trachea  and  large  bronchi.     The  ear  cannot  detect  tbe 
soonds  distinctly.     If  ihere  he  much  exudation  or  air  in  the  pleura,  or  great  accumulation  of  muott 
in  the  brunchi,  the  pectoral  fremitus  is  diminished  or  attc^etber  absent,     [la  bealth,  when  a  persoB 
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spcAks,  the  vocal  retonance  over  ifae  trachea,  although  loud,  may  be  inarticulate ;  and  on  listening 
over  the  Ueniuna  the  sound  is  diminished  aod  quite  inarticulate ;  while  over  the  chest  wall  generally 
the  sound,  though  distinct,  is  feeble. 

All  conditions  which  cause  bronchial  breathing  increase  the  pectoral  fremitus.  Under  normal 
circiimUanccfc,  (heiefore,  it  is  louder  where  bronchial  bteotiiing  is  heard  normally.  The  car  hears 
an  inieiLsified  sound,  called  bronchophony  [which  is  a  $oun<l  like  that  heard  nonnally  over  the 
trachea  or  bronchi,  but  audible  over  the  vesicular  lung  tissue.  The  conditions  that  cause  it  arc  th« 
same  as  those  on  which  bronchial  breathing  depends,  so  that  it  is  heard  in  pneumonia  and  phthisis. 
If,  through  cfTutiou  into  the  pleura  or  inflammatory  processes  in  the  lung  tissue,  ihe  bronchi  arc 
|ires»ed  Hat,  a  {lecuHar  bleating  sound  (segophony)  may  be  heard.] 

ii8.  PRESSURE  IN  THE  AIR  PASSAGES  DURING  RESPL 
RATION.— Respiratory  Pressure. — If  a  manometer  be  lied  into  the  trachea 
of  an  animal,  so  that  ihc  respiration  ^oes  on  completely  undisturbed,  i,  r, 
normal  respiration,  during  every  inspiration  there  is  a  negative  pressure  (-3 
mm.  Hg)and  during  expiration  a  positive  pressure.  Donders  placed  the  U-shai>ed 
manometer  tube  in  one  nostril,  closed  his  mouth,  leaving  the  other  nostril  open, 
and  respired  quietly.  During  every  quiet  inspiration  the  mercury  showed  a  nega- 
tive pressure  of- I  mm.,  and  during  expiration  a  positive  pressure  of  2-3  mm. 
(Hg). 

Forced  Respiration. — As  soon  as  the  air  was  inspired  or  expired  with  greater 
force*  the  variations  in  pressure  became  very  much  greater,  €. /^.,  during  speaking, 
singing,  and  coughing.  The  inspiratory  pressure  was  =  -  57  ram.  (36-74),  the 
greatest  expiratory  pressure  -}-  87  (82-100)  mm.  Hg.  The  pressure  of  forced 
expiration,  therefore,  is  30  mm.  greater  than  the  inspiratory  pressure  {Danders). 

Resistance  to  Inspiration. — Notwithstanding  this,  we  must  not  conclude 
that  the  expiratory  muscles  act  more  powerfully  than  the  inspiratory ;  for  during 
inspiration  a  variety  of  resistances  have  to  be  overcome,  so  that  after  these  have 
been  met,  there  is  only  a  residue  of  the  force  for  the  aspiration  of  the  mercury. 
The  resistances  to  be  overcome  by  the  inspiratory  muscles  are:  (1)  The  elastic 
tension  of  the  htngs,  which  during  the  deepest  expirations  ^  6  mm. ;  during  the 
deepest  inspirations  —  30  mm.  Hg  (§  107).  (3)  The  raising  of  the  weight  of 
the  chest.  (3)  The  elastic  torsion  of  the  costal  cartilages.  (4)  The  depression 
of  the  abdominal  contents,  and  the  elastic  distention  of  the  abdominal  walls. 
All  these  not  inconsiderable  resistances,  which  the  inspiratory  mu!>cles  have  to 
overcome,  act  during  expiration,  and  aid  the  expiratory  muscles.  The  forces 
concerned  in  inspinition  are  decidedly  much  greater  than  those  of  expiration. 

Intra-thoracic  Pressure. — As  the  lungs  within  the  chest,"  in  virtue  of  their 
elasticity,  continually  strive  to  collapse,  necessarily  they  must  cause  a  negative 
pressure  within  the  chest.  This  amounts  in  dogs,  during  inspiration,  to  -7.1  to 
-  7.5  mm.  Hg,  and  during  expiration  to  -  4  rnm.  Hg.  The  corresponding 
values  for  man  have  been  estimated  at  -  4.5  mm.  Hg  and  -  3  mm.  Hg,  by 
Hutchinson. 

I^Wc  aul  diitinguUh  between  the  rttapiratory  pressure  of  the  air  wi'/Aitt  tht  rtxpiratery 
^simgrt.  and  the  intra-thoracic  prcvture.  The  former  i%  the  same  as  the  almoapheric  prcmnre  when 
tile  cneit  it  pauive,  hat  leu  than  it  as  the  chest  is  being  enlarged,  aud  greater  than  it  when  it  it 
being  diminished  in  me.  The  intra-tboracic  pressure  u  the  prenare  within  the  chest,  but  outside 
tht  lungi^  f. «-.,  io  the  pleura,  mediastinum,  etc.  I(  is  nef^attve,  iW.,  leu  than  the  atmospheric  pres- 
sore,  and  muit  vary  with  the  degree  of  dislenliun  of  the  lungs.] 

[Mettaod.— A  direct  eMimaiinn  wat  mule  by  Adamkiewicz  and  jacobson.  A  trocar  with  its 
stylet  was  forced  into  the  fourth  left  inlerCuMal  &{>ace  near  the  siertiuin  and  poshed  into  the  peri- 
cardiam  (sheep).  The  stylet  was  then  withdrawn,  and  the  trocar  connected  with  a  manometer, 
atxl  the  DCf^iive  pressure  of  -  3  to  -  5  mm.  Hg  was  obtained.  During  severe  dyspn<ca  it  was  -9 
mm.  Hg.  Ko»entha]  totrtxlucctl  an  ii-suphageal  sound  with  an  elastic  ampulla  on  its  lower  end  into 
the  resopbagtts,  so  that  the  ampulla  came  to  lie  opposite  the  posterior  mediastinum.  The  sound 
was  connected  with  a  registering  tambour  rir  manometer.  During  inspiration  the  manometer  fell, 
and  daring  expiration  it  roiie.] 

Even  the  greatest  inspiratory  or  expiratory  pressure  is  always  much  less  than  ihc  blood  pressure 
tn  the  large  arteries;  but  if  the  pressure  L>e  calculated  upon  the  entire  respiratory  surface  of  the 
tbormx,  very  considerable  results  are  obtained. 
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Pneumatometer. — This  instrament  of  Waldenburg  is  merely  a  mercurial  maocmieter  fixed  la  a 
standi  and  connected  to  an  elastic  tube  with  a  suiubtc  mouth-piece,  which  ii  fitted  over  the  mooih 
and  Dosc,  while  the  variations  of  the  Ilg  can  he  reail  ofT  on  a  Hcale.  [In  the  male,  the  c^tptrmiory 
|]ressurc  i&  90-120  mm.  Hg,  and  the  rrspiratory  70-100.  The  relation  of  the  pressures  dnriiig 
expiration  and  inspiration  is  more  imponant  ih;in  the  absolute  pressure.]  The  inspiratory  prr imii 
is  diminished  in  nearly  all  di!.ease&  where  the  expaDsion  of  the  lung  is  impaired  [^phlhtnsj,  or  the 
expiralor)'  pressure  is  diminifhcd,  as  in  emphysema  and  asthma. 

Effects  of  the  first  Respiration  on  the  Thorax. — Until  birth,  the  airless  lungi  are  completely 
collapsed  (atelectic)  within  the  cheat,  and  fill  it,  so  thai  on  ot>ening  the  chest  in  a  dead  feetiu, 
pneumothorax  does  not  occur  {B^rMstein).  Supposing,  however,  respiration  to  have  been  folly 
eslablishcd  after  birth,  and  air  to  have  freely  entered  the  lungs,  if  a  manometer  be  [daced  in  con- 
nection with  the  trachea,  and  the  chest  be  opened,  the  manometer  will  register  a  pressarc  of  6 
mm.  Hg,  due  to  the  collapse  of  the  ela>»tic  lungs.  Bernstein  supposes  that  the  thorax  assumes  a 
new  permanent  form,  due  to  the  lirst  respiratory  distention;  it  is  as  if,  owing  to  the  respiratory 
elevation  of  the  ribs,  the  thorax  had  become  permanently  too  large  for  the  lungs,  which  arc,  there- 
fore, kept  permanently  distended,  but  collapse  as  soon  as  air  passes  into  the  pleura.  When  a  long 
has  once  been  Ulled  with  air,  it  cannot  be  emptied  by  pressure  from  without,  as  the  small  broodn 
are  compressed  before  the  air  can  pass  out  of  the  alveoli.  The  expiratory  muscles  cannot  possibly 
expel  all  the  air  from  the  lungs,  while  the  inspiratory  muscular  force  is  sutticient  todihtend  the  lun^ 
beyond  their  elastic  equilibrium.  Inspiration  distends  the  lungs,  increasing  their  elastic  tctuioa, 
while  expiration  diminishes  the  tension  without  abolishing  it. 

119.  APPENDIX  TO  RESPIRATION.— Nasal  Breathing.— Dtjring 
quiet  respiration  we  usually  breathe — or  ought  to  breathe — through  the  nostrils, 
the  lUDuth  being  closed.  The  current  of  air  passes  through  the  pharyngo-nasal 
cavity — so  that,  in  its  course  during  inspiration,  it  is  (i)  warmed  and  rendered 
moist,  and  thus  irritation  of  the  mucous  tnctttbrane  of  the  air  passages  by  the  cold 
air  is  prevented  ;  (2)  ^\\k^\\  partkies  of  soot ^  or  other  foreign  substances  in  the  air, 
adhere  to,  and  become  embedded  in  the  mucus  covering  the  somewhat  tortuous 
walls  of  the  respiratory  pas-sages,  and  are  carried  outward  by  the  agency  of  the 
ciliated  epithelium  of  the  respiratory  passages ;  (3I  disagreeable  odors  and  certain 
impurities  are  detected  by  the  sense  of  smell. 

If  a  lung  be  inllated,  air  constantly  passes  tlirougli  the  walls  of  the  alveoli  and  trachea.  This 
also  occurs  during  violent  expiratory  elTorlB  (cutaneous  emphysema  in  whooping  coogh),  so  thai 
pneumothorax  may  occur  (_/.  H.  liWitlJ  anJ  Ki.'herl'). 

Pulmonary  CEdema,  or  the  exudation  of  lymph  into  the  pulmonary  alveoli,  octmrs  (1)  Wben 
there  is  very  great  resistance  to  the  blood  stream  in  the  aorta  or  its  branches,  f.  r.,  by  ligaturing  aQ 
the  arteries  going  to  the  head  or  the  arch  of  the  aorta,  so  that  only  one  carotid  remains  pervioos. 
(3)  When  the  pulmonary  veins  nre  occluded.  (3)  When  the  left  ventricle,  owing  to  mechanical 
injur}-,  ceases  tu  beat,  while  the  right  ventricle  goes  on  contracting  [\  47).  These  conditions  pro- 
duce at  the  Mme  tim*  an.vmia  nf  the  vasomotor  centre,  which  results  m  stimulation  of  that  centre, 
and  consef)ucni  contraction  of  all  the  small  aricncs.  Thus  the  blood  stream  through  the  veins  to  the 
right  heart  is  favored,  and  ibis  in  its  turn  favors  the  production  of  oedema  of  the  lungs.  [The 
injection  of  muscorin  rapidly  causes  pulmonary  ccdema,  due  to  the  increase  of  pressure  and  slowing 
of  the  blood  stream   in  the  pulmonary  capillaries.      It  is  .set  a.«iide  by  atropin  (  W'Wnraw;^,  Gr»ti-^^ 

120.    MODIFIED    RESPIRATORY    MOVEMENTS.— (i)   Coughing    consists  in  ^ 
sudden  violent  expiratory  explosion   after  a  previous  deep  insjiiralion  and   cIoRurc  of  the  glottis, 
whereby  the  glottis  is  forced  open,  and  any  substance,  fluid,  gaseous,  or  solid,  in  contact  with  the 
respiratory  mucous  membrane  is  violently  ejected  through  the  open  mouth.     It  is  prDdoced  voltiD- 
larily  or  rcflcxiy;  in  the  latter  case,  it  can  be  controlled  b)-  the  will  only  to  a  limited  extent 

[Causes. — A  cough  may  be  discharged  reflexly  from  a  large  number  of  surfaces:  (i)  A 
draught  of  cold  air  striking  the  iAin,  especially  nf  ihe  upper  part  of  the  body.  This  may  cause 
congestion  of  blood  in  the  air  passages,  lhi<>  in  turn  exciting  the  cough.  (2)  More  frequently  it  is 
discharged  from  the  respiratory  mucous  membrane,  especially  of  the  larynx,  the  !iensor>'  branches 
of  the  vagus  and  the  superior  lar>'ngeal  nerve  being  the  atTcrcni  nerves.  A  cough  cannot  be  dis- 
charged from  every  part  of  the  larynx:  thus  there  is  none  from  the  true  vocal  cords,  but  only  from 
the  glottis  respiratoria.  All  other  parts  of  the  larynx  are  inactive,  and  so  is  the  trachea  as  far  as  the 
bifurcation,  where  stimulation  excites  cough  (A'ohts).  (3}  Sumetimes  an  nffending  body,  such  as  a 
pea  or  inspissated  cerumen  in  the  external  auditory  meatus,  gives  rise  to  coughing,  the  afferent  ncrre 
being  the  auricular  branch  of  the  vagus.  (4)  There  seems  to  be  no  doubt  that  there  may  be  a  "gat 
iru  9r  Uomach  eoughj*  produced  by  Mimulalion  nf  the  gsslric  branches  of  the  vagus,  especially 
in  cases  of  indigestion,  accompanied  by  irritation  of  the  larynx  and  trachea.  (5)  Irritalioo  of 
tlie  costal  pleura  and  e^'en  of  the  crsophagu.\  (A^A/r).     (6)  Irritation  of  some  pons  of  the  note. 
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^7)  £>ometirocs  also  bom  irritation  of  tbe  pbarytuc,  ai  by  an  cloDgated  uvula.     (8)  In  some  diseases 
of  the  liver,  spleen,  and  Renerative  organs,  when  pressure  is  exerted  on  these  parts.] 

(3)  Hawking,  or  clearing  the  throat.     An  expiratory  current  is  forced  in  a  continuous  stream 

t through  the  narrow  space  between  the  root  of  the  tongue  and  the  depressed  soft  palUe,  in  order 
tu  assist  in  the  removal  of  foreign  bodies.  When  the  act  is  carried  out  periodically,  the  closed 
j^lottis  is  suddenly  forced  open,  and  U  is  comparable  to  a  voluntary  gentle  cough.  This  act  can 
•nty  be  produced  voluntarilr. 
(3)  Sneexing  consists  in  a  sudden  violent  expiratory  blast  throuj^h  the  Mosf,  for  the  removal  of 
Bmcttft  or  foreign  bodies  (the  mouth  being  rarely  open)  after  a  simple  or  repeated  spasm-like  insiiirs- 
Don — the  glottis  remaining  open.  It  is  U5.ualty  caused  rcflexly  by  stimulation  of  sensory  nerve  hbres 
of  the  nose  [oasal  branch  of  the  fifth  nerve],  or  by  sudden  exposure  to  a  bright  light  [the  aiTerent 
oerve  is  the  optic].  Thi<i  reflex  act  may  be  interfered  with  to  a  certain  extent,  or  even  prevented, 
by  stimulation  of  sensory  nerves,  or  hmily  comprei>sing  the  nose  where  the  nasal  nerve  issues.  The 
continued  use  of  stern utaturies,  as  in  persons  who  take  snufT,  dults  the  sensory  nerres.  so  that  they 
no  longer  act  when  stimulated  rcflexly. 

[StemulatorJes  or  Errbtnes,  such  as  powdered  ipecacuanha,  snul^,  and  euphorbium,  also  in< 
crease  the  secretion  from  the  na^l  glands.  The  ^erent  impulses  sent  tu  the  respiratory  centre 
aJ»o  affect  the  vasomotor  centre,  so  that,  even  when  sneezing  does  not  occur,  the  blood  pressure 
throughout  the  body  is  raised.] 

(4)  Snoring  occurs  during  respiration  through  the  open  mouth,  whereby  the  inspiratory  and 
cxpiraiury  ^rcaai  of  air  throws  the  uvula  and  soft  palate  into  vibration.     It  is  involuntary,  and 

»   usually  occurs  during  sleep,  hut  it  may  he  produced   voluntarily. 
<5)  Gargling  consists  in  the  slow  passage  of  the  expiratory  air  current  in  the  form  of  bubbles 
through  a  fluid  lying  between  the  tongue  and  the  soft  palate,  when  the  head  is  held  luckward. 
It  is  a  voluntary  act. 

(6)  Crying,  cau-^cd  by  emotional  conditions,  consists  in  short,  deep  inspirations,  long  expirations 
with  the  glottis  narrowed,  relaxed  facial  and  jaw  muscles,  secretion  of  tears,  often  combined  with 
plaintive  inarticulate  expressions.  When  aying  is  long  continued,  sudden  and  S|}asmudic  involun- 
tary contractions  of  the  diaphragm  occur,  which  cauie  the  inspiratory  sounds  in  the  pharynx  and 
larjnx  known  as  sobbing.     This  is  an  involuntary  act. 

1(7)  Sighing  is  a  pri>longed  insptratian,  usually  combined  with  a  plaintive  sound,  oflen  caused 
involantanly,  owing  to  p»mful  or  unpleasant  recollections. 
(S)  Laughing  is  due  to  short,  rapid  expiratory  blasts  through  the  tense  vocal  cords,  which 
Gatse  a  clear  tone,  and  there  are  characteristic  inarticulate  sounds  in  the  larynx,  with  vibm- 
llou  of  the  soft  palate.  The  raouih  is  usually  open,  and  the  countenance  has  a  characleristic 
npressioo,  owing  to  the  action  of  Ihe  M.  rygomalicus  major.  It  is  usually  involuntary,  and  can 
only  be  suppreiksed,  to  a  certain  degree,  by  the  will  (by  forcibly  closing  the  mouth  and  slopping 
re^  ration). 

(91  Yawning  is  a  prolonged  deep  inspiration  occurring  after  successive  attempts  at  numerous 
tafiratioos — the  mouth,  fnuccs,  and  glollis  being  wide  open ;  expiration  shorter — both  act»  often 
uumpinied  by  prolonged  characteristic  sounds.  It  is  quite  involuntary,  and  Is  usually  excited  by 
dnvnoess  or  ennui. 

|^[iO|  Hiccough  is  due  to  a  spasmodic  involuntary  contraction  of  the  diaphragm,  causing  an 
impintioa,  which  is  arrested  by  the  sudden  closure  of  the  glottis,  so  that  a  cbaractcrislic  sound  is 
tontted.  Not  nnfre<|uently  it  is  due  to  irritation  of  the  gastric  mucous  membrane,  and  sometimes  it 
>>t  very  troublesome  symptom  In  unemic  poisoning.] 

i:i  CHEMISTRY  OF  RESPIRATION— CARBON  DIOXIDE.  OXYGEN,  and 
WATERY  VAPOR  GIVEN  OFF  -I.  Estimation  of  CO,.— i.  The  volume  of  CO,  ii 
latauted  by  means  of  the  anthracometer  (Fig.  143,  II).  The  volume  of  gas  is  collected  in  a 
P*<hated  tube,  r,  r,  pronded  with  a  bulb  at  one  encl  (previously  fdled  with  water  aiid  carefully 
**l">ntted. ».  e.t  the  exact  amount  which  each  part  of  the  tube  contains  is  accurately  measured), 
**^  ilic  tube  is  closed.  The  lower  end  has  a  <iiop-cock,  ^,  and  to  this  is  screwed  a  flask,  n,  com- 
i^et}r  tilled  with  a  solution  of  caustic  potash  ;  Uic  stop-cock  is  then  opened,  the  potash  solution  is 
■Bowid  lo  ascend  into  the  tube,  which  w  moved  about  until  all  the  CO,  unites  with  the  potash  to 
|"t>  poUusinm  carbonate.  Mold  the  tulie  vertically  and  allow  the  potxsh  to  run  back  into  the 
■•^'idose  the  stop  cock,  and  remove  tlic  bfrttlc  with  the  potash.  Place  the  stop-cock  under  water, 
fP*"  it,  aud  allow  the  water  to  ascend  in  the  tube,  when  the  space  in  the  tube  occupied  by  the  fluid 
**c«athc  volume  of  CO,  which  is  combined  with  the  i)oiftsh. 

^  By  Weight. — A  large  quantity  of  the  mixture  of  ga.ses  which  has  to  be  investigated  is  made 
^PUithroi^h  a  IJebig's  bulb  filled  with  caustic  potash.  The  potash  apparatus  having  been  care* 
'0^  weighed  beforehand,  the  increase  of  weight  indicates  the  amount  of  CO,  which  has  been  lakcik 
■P  l*the  (KKash  from  the  air  passed  through  it. 

1  By  Titration. — A  large  volume  of  the  air  lo  be  investigated  is  conducted  through  a  known 
■Jhi*  of  a  solution  of  Iwrium  hydrate.  The  CO,  unites  with  the  barium  and  funn*  barium  car* 
"nate.  The  fluid  is  neutralized  with  a  standard  solution  of  oxalic  acid,  and  the  more  barium  that 
iMi  uitcd  with  the  Cf>|  the  smaller  will  W  the  amount  of  oxalic  acid  used,  and  vUe  ven^. 
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II.  Estimation  of  Oxygen. — According  to  volume  (a)  By  tbe  onion  of  the  O  with  pot««iuiD 
pjrrogollaic.  'lite  some  procedure  is  adupted  as  for  the  estimaiioD  of  CO,,  only  the  flask,  n,  is  filled 
with  the  pyrogallaic  solution  instead  of  potaxh.  (d)  By  explosion  in  an  eudiometer  (sec  Bt»^ 
Cam,  §  35). 

III.  Estimation  of  Watery  Vapor. — The  air  to  be  investigated  is  passed  through  a  bulb 
coDiaining  concentrated  sulphuric  acid,  or  through  a  tube  filled  with  pieces  of  cnicium  tUariJi 
Tbe  amount  of  water  is  directly  indicated  by  the  iDCrease  of  weighL 

laa.  METHODS  OF  INVESTIGATION.— I.  Collecting  the  Expired  Air.— (l) 
air  expired  may  be  collected  in  the  cylinder  of  the  spirometer,  which  is  suspended  in  concentnlcd 
salt  solution  to  avoid  the  ab^rption  of  CO,  {\  lo8). 

Andral  and  Gavarret'a  Apparatus. — The  operator  breathed  several  times  into  a  capadooa 
cylinder  (Fig.  14J).  A  mouthpiece  (M)  was  placed  air-tight  over  the  mouth,  while  the  nosmli 
were  closed.  The  direction  of  the  respiratory  current  was  regulated  by  two  so-called  "  MQtlcr'a 
V&lves  "  (mercurial),  (a  and  b),  Whh  every  inspiration  tlie  bottle  or  valve,  a  (filled  below  with 
Hg  and  hermetically  closed  above),  permits  the  air  inspired  to  pass  lo  the  lungs — daring  evefy 
expiration  the  expired  air  can  pass  only  through  b  to  the  collecting  cylinder  C. 

(a)  If  the  gases  given  ofT  by  the  sldn  are  to  be  collected,  a  limb,  or  whatever  part  is  to  be  invca> 
tlgnlcd,  is  secured  in  a  closcl  vessel,  and  the  gases  so  obtained  are  analyicd. 
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1.  Apparatus  «!  Andml  and  Cavarret  fur  cnllecilnR  the  «xpirH  air,     C,  birgc  cyliodcr  to  coJkci  ibe  air  «xplfc. 
weight  to  balance  cylinder ;  a,  b,  two  MQUer'&  valves :  M .  mouih- piece,    ll.  AiuhraconcUr  of  Vicrardl. 

II.  Tlie  most  important  apparatus  for  this  purpose  are  those  of  {a)  Scharling  (Fig.  144). 
which  consists  of  a  closed  box,  A,  of  sufficient  size  to  contain  a  man.  it  is  provided  with  an  inlet 
s  and  outlet  i.  The  latter  is  connected  with  an  aspirator,  C,  a  large  barrel  filled  with  water. 
When  the  stop-cock,  A,  is  opened  and  the  water  (lows  out  of  the  barrel,  fresh  air  wilt  ruth  in  con- 
tinuously  into  the  box,  A,  ami  the  air  mixed  with  the  expired  gases  will  be  drawn  toward  C.  A 
Licbig's  bulb,  d,  filled  with  caustic  potash,  is  connected  with  the  entrance  tube,  s,  through  which 
the  in-going  air  must  [hiss,  whereby  it  is  completely  deprived  of  CO^  so  that  the  person  experi' 
mented  on  is  supplied  with  air  free  from  CO,.  The  air  passing  out  by  the  exit  tube,  j^,  has  to  pass 
first  ihtough  e,  where  it  gives  up  its  watery  vapor  lo  sulphuric  acid,  whereby  the  amount  of  watery 
vapor  is  estimated  by  the  increase  of  the  weight  of  the  apparatus,  e.  Afterward  the  air  passes 
through  a  bulb,  /,  containing  caustic  piotash,  which  absorbs  all  the  CO,*  while  the  tube,  g,  filled 
with  sulphuric  acid,  absorln  any  watery  vapor  that  may  come  from  /.  The  increase  in  weight 
of  /  and  1'  indicates  the  amount  of  CO,,  The  total  volume  of  air  used  is  known  from  iIk 
capacity  of  C. 

{&)  Regnault  and  Reisei's  Apparatus  is  mure  complicated,  and  is  used  when  it  is  necessaxy 
lo  keep  animals  for  some  time  under  observation  in  a  belt-jar.  It  consists  of  a  elabe.  R.  i« 
which  is  placed  the  dog  to  be  experimented  oa  (Fig.  145).     Around  this  is  plac«d  a  cylinder, 
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gwX  (provided  wiili  %  tbennotoeter,  ()»  which  nujr  be  uied  for  caloriinetnc  experimenUL  A  tube, 
«-,  leads  into  the  globe,  K  ;  through  this  tube  paues  ■  koown  quantity  of  pure  oxy^n  (Ftg.  145,  O). 
To  absorb  any  trace  of  CO,,  a  vessel  contalnii^  pouah  (Fig.  145,  CO,)  is  pUccd  in  the  course  of 
ihc  tube.  The  vessel  for  measuring  the  0  is  emptied  toward  R,  throui*!!  a  solution  of  calcium 
cbkiride  front  a  la^e  pan  (CaCt,)  provided  with  lar^ge  flasks.     Two  tubes,  d  and  e,  lead  from  R, 


]._.. 


Fig.  144. 


SclUiliag'ft  appanliM.  d,  built  conulnine  cauttk  pouuh  to  atworb  CO| fronn  Is^olnc  air :  A,  bon  for  animal  expctl- 
■enwd  a*:  ^ftMd  r.  iiihe*  conuiiting  fulphuric  kcid  to  abaorb  mtcry  vapor  ;^  potaui  bulb  to  absorb  COg  given 
off;  C,  vcuci  filled  with  water  to  oapiratc  kir  x  h,  fttop-cock. 


and  ore  aoited  by  caoutchouc  tubes  with  the  potash  bulbs  (KOH,  K<»>l),  which  can  be  raised  or 
deprcAxed  alternately  by  means  of  the  beam,  W,  In  this  way  ihcy  aspirate  altemalcly  the  air  from 
R,  and  (be  caustic  potash  ab&OTlis  the  CO,.  The  increase  in  weight  of  these  flasks  after  the 
caperimeDt  indicattrs  the  amount  of  CO,  expired.  The  manometer,  /,  shows  whether  there  is  a 
HinereDCc  of  the  pressure  outside  and  inside  toe  globe^  R. 

Fig.  145- 


of  (he  mpirJli'in  ajiparatus  (if  Regruiiti  am)  Rci*<(.     R,  itlobc  fur  aninijl:  r^  f .  ouier  c^Mlng  lor  R.  pro*t>Vd 
vUb  ■  Lbcriuuuiclcr,  i  ;  4  oad  /,  call  itiba  to  movabte  polAih  bulbil,  KUH  uid  hvA  ;  O,  In  Koing  aKygaa  .  tX>|, 
to  absorb  aoy  carbooic  acid  :  CaCla,  apparalui  Cor  aunuuiiif  ibcamouBi  of  O  supplied  :/,  manoiaawr, 


^^y  T.  Peilenkofer  ha«  invented  the  most  complete  apparans  (Fig.  146).     It  consists  of  a 

■,  Z,  with  metallic  walls,  and  prnviilcil  with  a  door  and  a  window.     At  a  is  an  npcning  for 

^^tmiwoo  of  air,  while  a  large  double  suction  pump,  rp|  (driven  fay  means  of  a  Aeam  engine) 

~  vcaally  retscws  ibc  air  within  the  chamlier.    The  aU  pastes  lato  a  Tesoel,  b,  filled  with  pumice- 
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dnoe  sararaiMl  with  sulphuric  acid,  in  which  it  is  dried ;  it  then  jxisscs  through  ■  large  ^aj  mu/rr, 
e,  which  nica&ures  the  total  amoant  of  the  air  passing  through  it.  After  the  air  is  mesiured,  it  ii 
emptied  outward  by  means  of  the  pump,  rP..  From  the  chief  exit  tube,  x,  of  the  chamber,  provided 
with  a  small  maoomctcr,  a,  a  narrow  lateralljr  placed  lube,  n,  [uases,  conducting  a  small  seconda 
stream,  which  is  chemically  investigated.  This  current  passes  through  the  suction  apparatus^  Mi 
(con5tructe<l  on  the  }>rinciple  of  Milller's  mercurial  valve,  and  driven  by  a  steam  engine).     Befa 

Fic.  146. 


A 


m 


Ml 


IT 


Resplnulon  apparatus  of  v.  Pcttcnkofcr.  Z,  chamber  for  penon  experimeiiltd  on :  x,  eut  lube  with  inanoaw*w,  t  . 
t,  veuel  with  tulphuric  acid  ;  C,  tfai  meter ;  PP^,  purop ;  h,  secondary  currtot,  witb,  h^  bulb;  MMi,  Hictioai 
•ppatatm:  «,  gai  meter ;  N,  kireAin  for  inrcitisariuig  aJr  bdbre  it  enters  Z. 


reaching  this  ajtparatus,  the  air  passes  through  the  bulb,  K,  filled  Mith  sulphuric  acid,  who«e  increcse 
in  weight  indicates  the  amount  of  vKttery  vapor.  After  passing  through  MM,,  it  goes  ihronsh  the 
tube,  k,  filled  with  baryta  sohuion,  which  takes  up  CO,.  l*hc  quantity  of  air  which  passes  thrtnigb 
the  accessory  current,  m,  is  measured  by  the  small  gas  meter,  w,  from  which  it  posses  outward.  The 
second  arffjsary  sirfam^  X,  enables  us  lo  investigate  the  air  l>efore  it  enters  the  chamber,  and  it  is 
arranged  in  exactly  ihe  same  way  as  n.  The  increase  of  CO,  and  li,0  in  the  accessory  streftm,  1 
(/./.,  more  than  in  N),  indicates  ihc  amount  of  COj  given  off  by  the  person  in  the  chamber,  Z, 

123.    COMPOSITION    OF    ATMOSPHERIC    AIR.— 1.    Dry   Ai^ 

contains ; — 

Ga4.  By  Weisbi,  By  VoIudk. 

0 23,015  20.96 

N 76-9^5  79-02 

COj, 0.03-0.034 

2.  Aqueous  vapor  is  always  present  in  the  air,  but  it  varies  greatly  in  amount^ 
and  generally  increases  with  the  increase  of  the  temperature  of  the  air.     Wc 
distinguish  {a)  the  absolute  moisture,  i.  e.^  the  quantity  of  watery  vapor  which  a 
volume  of  air  contains  in  the  fortn  of  vajjor ;  and  {h)  the  reiative  moisture^  u  e.t 
the  amount  of  watery  vapor  which  a  volume  of  air  contains  with  respect  lo  iti^H 
temperature.  ^H 

Experience  shows  that  people  generally  can  breathe  most  comfortably  in  an  atmosphere  which  is 
Dot  completely  saturated  with  aqueous  vapor  according  to  its  temperature,  but  is  oaly  saloraled  to 
tiw  extent  of  70  per  cent.     If  the  air  be  too  dry,  it  irritates  the  respiratory  mucous  membruiei 
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too  BMtit,  there  is  a  dungreeAble  sensaiion,  and  if  il  b«  loo  warnt.  a  reeling  of  closeneM.  Hence, 
it  is  important  lo  mtc  that  the  proper  amount  of  watery  vapor  a  preiient  in  the  air  of  our  sitting  rooms, 
bedrooms,  and  hospital  ward^. 

The  ftbsoluie  amount  of  moisture  Taries.  In  towns  during  the  dav  it  increases  with  increase  of 
tcmperataiT,  and  diminishes  when  the  teni[wrature  &II5 ;  it  also  vanes  wHli  the  direction  of  the 
wind,  season  of  the  year,  and  the  height  above  !>ea  level. 

The  rel&tive  amount  of  moisture  is  greatest  at  sunrise,  lea.st  at  midday ;  small  on  high  mountaina; 
greater  in  vinter  thati  in  summer;  larger  with  a  south  or  a  west  wind  than  with  a  north  or  an  east 
wind. 

The  air  in  midsummer  contains  al>soIutely  three  limes  as  much  watery  vapor  as  in  midwinter, 
Devertbclcss  the  air  in  summer  h  relalh'ety  drier  than  the  air  in  winter. 

3.  The  air  expands  by  heat.     Rudbcrg  found  that  looo  vol-      Fi«-  <47' 
umes  of  air,  at  o"*,  expanded  to  1365  when  heated  to  100°  C.  j^ 

4.  The  density  of  the  air  diminishes  with  increase  of  the  height 
above  the  sea  level. 

IH-  COMPOSITION  OF  EXPIRED  AIR.-^i.  The  ex- 
pired air  contains  more  CO, — in  nonnal  respiration  =  4.38  vols. 
per  cent.  (3.3  lo  5.5  per  cent.),  so  that  it  contains  nearly  100  times 
more  CO,  thap  the  atmospheric  air. 

2.  It  contains  less  O  (4. 7S2  vols,  percent,  less)  than  the  atmo- 
spheric air.  /*.  c,  it  contains  only  16.033  '^^'^'  per  cent,  of  O. 

3.  Respiratory  Quotient. — Hence,  during  respiration,  more 
0  is  taken  into  the  body  from  the  air  than  CO,  is  given  off;  so 
that  the  volume  of  the  expired  air  is  (A  to  -^^)  smaller  than  the 
volume  of  the  air  inspired,  both  being  calculated  as  dry,  at  the  same 
temperature,  and  at  the  same  barometric  pressure.  The  relation  of 
the  0  absorbed  to  the  CO,  given  off  is  4.38  :  4.782.  This  is  ex- 
|)ressed  by  the  "  respiratory  quotient  " — 

CO 


o  V    4782    / 


4.  .\n  excessively  small  quantity  of  N  is  added  to  the  expired  air 
yRtf^nauU  and  Reisef).  Segen  found  that  all  the  N  taken  in  with 
the  fciod  did  not  reappear  in  the  excreta  (urine  and  fa;ces),  and  he 
assumed  that  a  small  part  of  it  was  given  off  by  the  lungs. 

y  During  ordinary  respiration  the  expired  air  is  saturated 
with  watery  vapor.  It  is  evident,  therefore,  that  when  the 
WBtery  vapor  in  the  air  varies,  the  lungs  give  off  different  quantities 
of  water  from  the  body.  The  percentage  of  watery  vapor  falls 
daring  rapid  respiration  {Mohsrhotf). 

(»■  The  expired  air  is  warmer  (36.3'  C).     It  is  very  near  the  > 
'cni|>erature  of  the  body,  and  although  the  temperature  of  the  sur- 
roanditig    atmosphere    be    very  variable,    the  temperature    of  the  8 

expired  air  still  remains  nearly  the  same. 

^%- 147  shows  the  inarument  used  by  Valentin  and  Itrunner  to  determine  the  temperature  of  the 
ctfirei)  ijr.  h  consists  of  a  glass  tube,  A,  A.,  with  a  mouth-piece,  B,  and  in  it  is  a  fine  thermtMn. 
''*'•  C  The  operator  breathes  throui;h  the  nose  and  expirot  slowtf  through  the  mouth-piece  into 
Ue  lube 

T«iiipef3iurc  »r  Trmpcranirv  a(  the 

the  Air.  Expired  Air. 

-  6.3°  C, f-  29.8°  c. 

-t-  ir-tP"  C f  36  2-37**  c. 

+  44°  C.» +  38.50  C 

?•  The  diminution  of  the  volume  of  the  expired  air  mentioned  under  (3)  is 
&'  more  than  compensated  by  the  warming  which  the  inspired  air  undergoes  in 
the  respiratory  passages,  so  that  the  volume  of  the  expired  air  is  one-ninth  greater 
ihan  the  air  inspired. 


232 


CONDITIONS    INFLUENCING   TIIE   GASEOUS    EXCHANGES. 


■  8.  A  very  small  quantity  of  ammonia  is  found  in  the  expired  air  =  0.0204 
grammes  in  24  hours  j  it  is  probably  derived  from  the  blood. 

9.  Small  quantities  of  H  and  CH|  arc  expired,  both  being  absorbed  from  the 
intestine.  In  herbivora,  Rciset  found  that  30  litres  of  CH*  were  expired  in  24 
hours. 

125.  QUANTITY    OF    GASES    EXCHANGED.— As  under  normal 

circumstances  more  O  is  absorbed  than  there  is  CO,  given  off  (equal  volumes  of  0 
and  CO,  contain  equal  quantities  of  O),  a  part  of  the  O  must  be  used  for  other 
oxidation  processes  in  the  body.  According  to  the  extent  of  these  latter  pro- 
cesses, the  ratio  of  the  O  taken  into  the  CO,  given  out  — 


/CO,  \ 

( —pj-  —  0.906  normally!  must  vary. 


The  amount  of  CO,  given  off  may  be  less  than  the  "  mean  ' '  alwve  stated. 
quantity  of  CO,  alone  is  not  a  reliable  indication  of  the  entire  exchange  of  gases 
during  respiration ;  we  must  estimate  simultaneously  the  amount  of  O  absort 
and  the  CO,  given  off. 

126.  DAILY  GASEOUS  INCOME  AND  EXPENDITURE  :— 

Income  in  24  hours.  1  Expenditure  in  24  hours. 

Osygen —  Carbonic  Acid^ 

744  grms.  =  516.500  c.  cnilr.         (  Sleronfi),  900  gnns.  =  455500  c.  cnilr.         (  Vifrof^ 

I  36  grms.  per  hour     {Siharhmg). 

32.8  10  33.4  grmt.  "       i^LitbermeuttrV 

34  grms.  .         .         "         .       (/^Afwiiii. 

31.5  to  33  grms.  "  (/f«»**j. 

Water. — 640  grms.  .        ••         .     ( I  W/nAv). 

{hX  tjfi  C.  and  mean  barometric  (vessure.)  3.10    "       .        "         ■     ( Hrrffrdl). 

la?.  CONDITIONS  INFLUENCING  THE  GASEOUS  EX- 
CHANGES — The  formation  of  CO„  in  alt  probability,  consists  of  two  distinct 
processes.  First,  comi>oimds  containing  CO,,  which  are  oxidation  products  of  sub- 
stances containing  carbon,  seem  to  be  formed  in  the  tissues.  The  second  process 
consists  in  the  separation  of  this  CO,,  which,  however,  takes  place  without  the 
absorption  of  O.  Both  processes  do  not  always  occur  simultaneously,  and  the  one 
process  may  exceed  the  other  in  extent.     The  formation  of  CO.  is  affetrtcd  by — 

I.  Age. — Until  the  body  is  fully  developed,  the  CO,  given  off  increases,  but  it 
diminishes  as  the  bodily  energies  decay.  Hence,  in  young  persons  the  O  absorbed 
is  relatively  greater  than  the  CO,  given  off;  at  other  periods  both  values  are 
pretty  constant.     Example : — 


Aafr-Veam. 

8 

18-20 
20-24 

40-60 
60-80 

(«&(Uoun.                                                             y 

CO,,  Gram,  Exeicuil.  —  Cafboo. 

0  AbmrlMa.  Grms.       1 

443  gram.  =  121  Carbon 
766    "        =  209 
950    *<        ^  259       •• 
1003     "        =  274       " 

1074     "        =  293       '• 
889     "        —  242       " 
8ro    "       =  221       " 

375  grammw.      1 
652                        1 
809        "              J 
854                      1 
914                       1 

757        "               1 
689        " 

The  absolute  amount  of  CO,  given  off  is  less  in  children  than  in  adults ;  bot  ff 
the  CO,  given  off  be  calculated  with  reference  to  body  weight,  then,  weight  for 
weight,  a  child  gives  off  twice  as  much  CO,  as  an  adult. 


I 
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2.  Sex. — Males,  from  the  eighth  year  onward  ro  old  age,  give  off  about  one- 
third  more  CO,  than  females.  This  difference  is  more  marked  at  puberty,  when 
the  difference  may  rise  to  one-half.  After  cessation  of  the  menses,  there  is  an  in- 
crease, and  in  old  age  the  amount  of  CO,  given  off  diminishes.  Pregnancy  in- 
creases the  amount,  owing  to  causes  which  are  easily  understood  {Atuirat  and 
Gat'arrfi.  ) 

3.  Constitution.— In  general,  muscular,  energetic  persons  use  more  O  and 
excrete  more  CO,  than  less  active  persons  of  the  same  weight. 

4.  Alternation  of  Day  and  Night. — The  CO,  given  off  is  diminished  about 
one-fourth  during  sleep,  due  to  the  constant  heat  of  the  surroundings  (bed),  dark- 
ness, absence  of  muscular  activity,  and  the  non-taking  of  food  (see  5,  6,  7,  9). 
O  is  not  stored  up  during  sleep  (5.  Lewin).  After  awaking  in  the  morning,  the 
respirations  arc  deeper  and  more  rapid,  while  the  amount  of  CO,  given  off  is 
increased.  It  decreases  during  the  forenoon,  until  dinner  at  mid-dav  causes 
another  increase.     It  falls  during  the  afternoon,  and  increases  again  after  supper. 

During  hibernation,  when  no  food  is  taken,  and  when  the  respirations  ceue,  or  »il'  grcaiij 
diminished,  the  respiratory  exchange  of  {rases  is  carried  out  by  diffusion  and  the  card  io-pne  a  malic 
novemenls  \\  5*)).  The  CO,  civen  off  falls  to  ^,  the  O  liken  in  to  A,  of  what  ihcy  are  in  the 
waking  condition.  Much  less  CO,  is  given  off  than  O  taken  in,  so  thai  tae  body  weight  nuy  increase 
through  the  excess  of  O. 

5.  Temperature  of  the  Surroundings. — Cold-blooded  animals  become 
warmer  when  the  temperature  of  their  environment  is  raised,  and  they  give  off 
more  CO,  in  this  condition  than  when  they  are  cooler;  e.R.,  a  frog  with  the 
temperature  of  the  surroundings  at  39"  C.  excreted  three  times  as  much  CO,  as 
when  the  temperature  was  6°  C.  Warm-blooded  animals  behave  quite  differ- 
ently when  the  temperature  of  the  surrounding  medium  is  changed.  When  the 
temperature  of  the  animal  is  lowered  thereby,  there  is  a  considerable  decrease  in 
the  amount  of  CO,  given  off,  as  in  cold-blooded  animals,  but  if  the  temt>eraturc 
of  the  animal  be  increased  (and  also  in  fever),  the  CO,  is  increased  (C  Ludtvig 
ami Sanders-Etn).  Exactly  the  reverse  obtains  when  the  temperature  of  the  sur- 
roundings varies  and  the  bodily  temperature  remains  constant.  As  the  cold  of 
the  surrounding  medium  increases,  the  processes  of  oxidation  within  the  body  are 
increased  through  some  as  yet  unknown  reflex  mechanism;  the  number  and  depth 
of  the  respirations  increase,  whereby  more  O  is  taken  in  and  more  CO,  is  given 
out.  A  man  in  Januarj'  uses  32.2  grammes  O  per  hour;  in  July  only  31.7 
grammes.  In  animals,  with  the  temperature  of  the  surroundings  at  8*^  C.,  the 
CO,  given  off  was  one-third  greater  than  with  a  temi>erature  of  38°  C.  When  the 
temperature  of  the  air  increases — the  body  temixrrature  remaining  the  same — the 
rcs[>iratory  activity  and  the  CO,  given  off  diminish,  while  the  pulse  remains  nearly 
constant.  On  passing  suddenly  from  a  cotd  to  a  warm  medium  the  amount  of 
COt  is  considerably  diminished  ;  and  conversely,  on  passing  from  a  warm  to  a 
cold  medium,  the  amount  is  considerably  increased  (§  214). 

6.  Muscular  exercise  causes  a  considerable  increase  in  the  CO,  given  out, 
which  may  be  three  times  greater  during  walking  than  during  rest  {Ed.  Smith), 
I^wig  and  Sczelkow  estimated  the  O  taken  in  and  the  CO,  given  off  by  a  rabbit 
daring  rest,  and  when  the  muscles  of  the  hind  limbs  were  tetanized.  During 
tetanus  the  O  and  CO,  were  increased  considerably,  but  in  tetanized  animals  more 
O  was  given  off  in  the  CO,  expired  than  was  taken  up  simultaneously  during 
respiration.  The  passive  animal  absorbed  nearly  twice  as  much  O  as  the  amount  —^ 
of  CO,  given  off  (§  294).  ^ 

7.  Taking  of  food  causes  a  not  inconsiderable  increase  in  the  CO,  given  off, 
which  depends  upon  the  quantity  taken  ;  the  increase  generally  occurs  alxjut  an 
hour  after  the  chief  meal — dinner.  During  inanition,  the  exchange  of  ^scs 
diminishes  considerably  until  death  occum.  At  first  the  CO,  given  off  diminishes 
fnore  quickly  than  the  O  is  taken  up.     'I'he  quality  of  the  food  influences  the 
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CO,  g^ven  off  to  this  extent,  that  substances  rich  in  carbon  (carbohydrates  and 
fats)  cause  a  greater  excretion  of  CO,  than  substances  which  contain  less  C  (albu- 
mins).  Regnault  and  Reisct  found  that  a  dog  gave  off  79  per  cent,  of  the  O 
inspired  after  a  flesh  diet,  and  91  per  cent,  after  a  diet  of  starch.  If  easily 
oxidi7.able  substances  (glycerin  or  lactate  of  soda)  are  injected  into  the  blood, 
the  O  taken  in  and  the  COt  given  off  undergo  a  considerable  increase  {Lm/fwig 
and  Scheremetjewsky).  Alcohols,  tea,  and  ethereal  oils  diminish  the  CO,  {Prwii, 
Vierordi).  [F.d.  Smith  divided  foods,  with  reference  to  the  excretion  of  CO,,  into 
two  classes.  The  respiratory  excitants  include  nitrogenous  foods,  runir  beer, 
sugar,  stout,  etc. ;  the  non-exciters  siarch,  fat,  some  alcoholic  mixtures.  The 
most  powerful  respiratory  excitants,  however,  are  tea,  sugar,  coffee,  and  rum,  and 
the  maximum  effect  is  usually  experienced  within  an  hour.  He  also  found  that 
the  effects  produced  by  alcoholic  drinks  varied  with  the  nature  of  the  spirituous 
liquor.  Thus  brandy,  whisky,  and  gin  diminish  the  amount  \  while  pure  alcohol, 
rum,  ale,  and  porter  tend  to  increase  it. 

8.  The  number  and  depth  of  the  respirations  have  practically  no  influence 
on  the  formation  of  CO,  or  the  oxidation  processes  within  the  body,  these  being 
regulated  by  the  tissues  themselves,  by  some  mechanism  as  yet  unknown  {Pfiuger). 
They  have  a  marked  effect,  however,  upon  the  removal  of  the  already  formed  CO, 
from  the  body.  An  increase  in  the  number  of  respirations  (their  depth  remaining 
the  same),  as  well  as  an  increase  of  their  depth  (the  number  remaining  the  same), 
causes  an  absolute  increase  in  the  amount  of  CO,  given  off,  which,  with  reference 
to  the  total  amount  of  gases  exchanged,  is  r^/a//rv/»' diminished.  The  following 
example  from  Vierordt  illustrates  this : — 
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g.  Exposure  to  bright  light  causes  an  increase  in  the  CO,  given  off  in  frogs, 

in  mammals  and  birds,  even  in  frogs  deprived  of  their  lungs,  or  in  those  whose 
spinal  cord  has  been  divided  high  up.  The  consumption  of  O  is  increased  at  the 
same  time.  The  same  results  occur  in  blind  ])ersons,  although  to  a  less  degree. 
Bluish-violet  light  is  almost  as  active  as  white  light,  while  red  light  is  less  active. 

10.  The  experiments  of  Grthant,   on  dogs,   seem  to  ^ow  ihot  intense  inflanunation  of  Uw 
bronchial  miucout  membrane  influences  the  CO,  |;ivcn  off. 

11.  Among  poisons,  ihebaia  iDcreases  the  CU,  given  ofT,  while  tnorphta,  codeia,  narcein.  narcotiii, 
papaverin,  diminisli  it  {f-uhini). 

128.  DIFFUSION  OF  GASES  WITHIN  THE  LUNGS.— The  ail 

within  the  air  vesicles  contains  most  COj  and  least  O,  and  as  we  pass  from  the  small 
to  the  large  bronchi  and  onward  to  the  trachea,  the  composition  of  the  air  gradu- 
ally approaches  more  closely  to  that  of  the  atmosphere.  Hence,  if  the  air  expired 
be  collected  in  two  portions,  the  first  half  {i.  e.,  the  air  from  the  larger  air  passages) 
contains  less  COa  (3.7  vols,  per  cent.)  than  the  second  half  (5.4  vols,  per  cent.). 
The  difference  in  the  percentage  of  gases  gives  rise  to  a  diffusion  of  the  gases  within 
the  air  passages;  the  COj  must  diffuse  from  the  air  vesicles  outward,  and  the  O 
&ora  the  atmosphere  and  nostrils  inward  (§  33).  This  movement  is  aided  by  the 
cardio- pneumatic  movement  (§59).  In  hibernating  animals  and  in  persons  <i//fi- 
rentfy  but  not  actually  deadt  the  exchange  of  gases  within  the  lungs  can  only  occur 
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in  the  above-mentioned  ways.  For  ordinary  purposes  this  mechanism  is  insufficient, 
and  there  are  added  the  respiratory  movements  whereby  atmospheric  air  is  intro- 
duced into  the  larger  air  passages,  from  which  and  into  which  the  diffusion  currents 
of  O  and  CO,  pass,  on  account  of  the  difference  of  tension  of  the  gases. 

lag.  EXCHANGE  OF   GASES  IN  THE  AIR  VESICLES.— The 

exchange  of  gases  txrlwecn  ihc  ga-ses  of  the  blood  and  those  in  the  air  vesicles 
occurs  almost  exclusively  through  the  agency  of  chemical  processes,  and  therefore 
indei>endently  of  the  diffusion  of  gases. 

Method. — It  is  im{>ortanl  to  ucertain  the  lensioD  of  the  O  tod  CO,  id  the  venous  l)!ood  of  the 
pQltnonary  capillaries.  Plliigcr  and  Wolf  berg  estimated  the  tension  by  "  catbeterizing  the 
luo^."  An  eloAtic  catheter  was  introduced  through  an  opening  in  Ihc  trachea  of  a  dog  into  the 
bronchus  leading  to  the  lowest  lobe  of  the  left  lung.  An  elastic  &ac  was  placed  round  ihc  catheter, 
and  when  the  latter  was  inlroduced  into  the  bronchus,  the  sac  .around  the  catheter  was  distended  so 
•I  to  plug  (lie  bronchus.  No  air  could  escape  between  the  catheter  and  the  wail  of  the  bronchus. 
The  outer  end  of  the  catheter  was  closed  at  first,  and  the  dog  was  allowc<l  to  respire  quiclly.  After 
foor  minutes  the  air  in  the  air  vehicles  wn.s  completely  in  crjuilibrium  with  the  blood  gases.  The 
air  of  the  lung  was  sucked  out  of  the  catheter  by  means  of  an  air-pump,  and  afterward  analyzed. 

Thus  we  may  measure  indirectly  the  tension  of  the  O  and  CO,  in  the  venotis 
blood  of  the  pulmonary  capillaries.  The  //f>r(7  estimation  of  the  gases  in  differ- 
ent kinds  of  blood  is  made  by  shaking  up  the  blood  with  another  gas.  The  gases 
so  removed  indicate  directly  the  proportion  of  blood  gases. 

The  following  statement  shows  the  tension  and  percentage  of  (J  and  CO,  in 
arterial  and  venous  blood,  in  the  atmosphere,  and  in  the  air  of  the  alveoli : — 


I. 


V. 


(XTensioa  in  arterial  blood  ■=  29.6  mm.  Ilg 
(corresponding  to  a  mixture  containing  3.9 
wl.  percent,  of  O). 


n. 

tXl'Tenston  in  arterial  blood  —   21  luin. 
(cDRcspODdiDg  to  2.8  vol.  pCT  ccnL). 

III. 
0>Teaiioa  in  venous    blood   =    22  mm. 
(tortapoodit^  to  2.9  vol.  per  cent.). 

IV. 

CO^Tcmion  in  venou!i  blond  =  41  mm. 
(nrrnfionding  to  3.4  vol.  per  cent.). 


"E 


Hg 


Hg 


I, 

I 


O- Tension  in  the  air  of  the  alveoli  of  the  cathe- 
terized  lung  =  37.44  mm.  Ilg  (correspood- 
'"E  'o  3-^  ^ol-  P*'"  cent.]. 
VI. 

CO,-Ten«on  in  the  air  of  tlic   alveoli  of    the 
catbeterized  lung  =  27  mm.  Ilg  (correspond- 
iugto  3.56  vol.  per  cent.). 
VII. 

O-Tetision  in  ihe  atmosphere  =  158  mm.  Hg 
(corresponding  to  20.8  vol.  percent.). 

vni. 

CO.. Tension  in  the  atmosphere  --=  ajiS  mm. 
Hg  {corresponding  to  0,03-0.05  vol.  per 
cent.). 

When  we  compare  the  tension  of  the  O  in  the  air  (VII  =  158  mm.  Hg)  with 
the  tension  of  the  O  in  venous  blood  (III  =  22  mm.  Hg,  or  V  =  27.44  mni. 
^g),  wc  might  be  inclined  to  assume  that  the  passage  of  the  O  from  the  air  of  the 
Wcsicles  into  the  blood  was  due  solely  to  diffusion  of  the  gases  ;  and  similarly, 
^tni^ht  assume  that  the  COj  of  the  venous  blood  (IV  or  VI)  diffused  into  the 
*'*eacles,  because  the  tension  of  the  COj  in  the  air  is  much  less  (VIII).  There 
^'«4namber  of  facts,  however,  which  prove  that  the  exchanges  of  the  ga.ses  in 
"^  lungs  is  chiefly  due  to  chemical  forces. 

h>  F'IciKbt  finds  that  fluids  yield  up  their  gases  very  much  more  easily  when  they  receive  a  shock, 
■"'Ite  rtgirtis  ihc  shock  communicated  to  the  hhjod  by  the  contraction  of  the  heart  as  an  import- 
^  »tiot  in  preparing  the  blood  for  the  diffusioi]  uf  CO,  from  the  blood  plasma  into  the  lungs.] 

[Changes  produced  in  the  Blood  by  Respiration, — The  blood  of  the 
P*"t0ODary  artery  is  changed  from  venous  into  arterial  blood  (  §  39),  the  most 
obvious  alterations  being  (i)  the  change  in  color  from  dark  crimson  to  bright 
'^let.  {2)  It  loses  COj.  (3)  It  gains  O.  (4)  The  reduced  Hb  of  the  venous 
Mood  IS  converted  into  HbO,.  (5)  As  to  a  supposed  difference  of  temperature, 
*t  J  209,  3.     (6)  Pawlow  finds  that  blood  which  i^asses  several  times  throtigh  the 
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lungs  loses  its  power  of  coagulation.     Are  we  to  assume  that  the  pulmonary  tissues 
have  the  property  of  destroying  the  fibrin-ferment? 

1.  Absorption  of  O. — Concerning  the  absorption  of  O  from  the  air  in  (he 
alveoli  into  the  venous  blood  of  the  lung  capillaries,  whereby  the  blood  is  arteri- 
alized,  it  is  proved  that  this  is  a  chemical  process.  The  gas-free  (reduced) 
h.ienioglobin  takes  up  O  to  form  oxyhtemoglobin  (§  15,  i).  That  this  absorption 
has  nothing  to  do  directly  with  the  diffusion  of  gases,  but  is  due  to  a  chemical 
combination  of  the  atomic  compounds,  is  shown  by  the  fact  that,  when  pure  O  is 
respired,  the  blood  does  not  take  up  more  O  than  when  atmospheric  air  is  respired  ; 
further,  that  animals  made  to  breathe  in  a  limited  closed  space  can  absorb  almost 
all  the  O^ — even  to  traces — into  their  blood  before  suffocation  occurs.  Of  course, 
if  the  absorption  of  O  were  due  to  diffusion,  in  the  former  case  more  O  would  be 
absorbed,  while  in  the  latter  case  the  absorption  of  O  could  not  possibly  occur  to 
such  an  extent  as  it  does.  The  law  of  diffusion  comes  into  play  in  connection 
with  the  absorption  of  O  to  this  extent,  viz.,  that  the  O  diffuses  from  the  air  cells 
of  the  lung  into  the  blood  plasma,  where  it  reaches  the  blood  corpuscles  floating 
in  the  plasma.  The  hemoglobin  of  the  blood  corpuscles  forms  at  once  a  chemi- 
cal compound  (oxyhemoglobin)  with  the  O, 

Even  in  very  rarefied  air,  such  as  is  met  with  in  the  upper  regions  of  the  atmosphere  daring  a 
balloon  ascent,  the  ab.'wrption  of  O  still  remains  independent  of  the  partial  pressure.  Hut  a  modi 
longer  fimf  is  rec|Qired  for  this  process  at  the  ordirury  temperature  of  the  body,  90  that  in  nire6cd 
air  the  al»orpiion  of  O  is  (^eoily  delayed,  but  It  is  not  diminished.  This  Is  the  cauM  of  death  ia 
aeronauts  vhu  have  ascended  so  high  that  the  atmospheric  pressure  is  dimtnisbcd  to  ooc-third 

2.  Excretion  of  CO,. — With  regard  to  the  excretion  of  CO,  from  the  blood, 
we  must  remember  that  the  CO,  in  the  blood  exists  in  two  conditions.  Part  of 
the  CO,  forms  a  loose  or  feeble  chemical  compound,  while  another  portion  is  more 
firmly  combined.  The  former  is  obtained  by  those  means  which  remove  gases 
from  fluids  containing  them  in  a  stale  of  absorption,  so  that  in  removing  the  C0| 
from  the  blood  it  is  difficult  to  determine  whether  the  CO,  so  removed,  obeyed 
the  law  of  diffusion,  or  if  it  was  expelled  by  chemical  means. 

Although  it  is  convenient  to  represent  the  excretion  of  CO,  from  the  blood 
into  the  air  vesicles  of  the  lung,  as  due  to  equilibrium  of  the  tension  of  the  CO, 
on  opposite  sides  of  the  alveolar  membrane,  /.  r.,  to  diffusion — nevertheless, 
chemical  processes  play  an  important  part  in  this  act.  The  absorption  of  O 
by  the  colored  corpuscles  acts,  at  the  same  time,  in  ex|>elling  CO,.  This  is 
proved  by  the  fact  that  the  expulsion  of  CO,  from  the  blood  lakes  place  more 
readily  when  O  is  simultaneously  admitted.  The  free  supply  of  O  not  only  favors 
the  removal  of  the  COj,  which  is  loosely  combined,  but  it  also  favors  the  expul- 
sion of  that  portion  of  the  CO,  which  is  more  firmly  combined,  and  which  can 
only  be  expelled  by  the  addition  of  acids  to  the  blood.  That  the  oxygenated 
blood  corpuscles  (/.  ^.,  their  oxyhaemoglobin^  are  concerned  in  the  removal  of 
CO,  is  proved  by  the  fact  that  COj  is  more  easily  removed  from  serum  which  con- 
tains oxygenated  blood  corpuscles  than  from  serum  charged  with  O. 

[The  following  scheme  may  serve  to  illustrate  the  extent  to  which  diffusion 
comes  into  play.  The  O  must  pass  through  the  alveolar  membrane,  AB — includ- 
ing the  alveolar  epithelium  and  the  wall  of  the  capillaries— as  well  as  the  blood 
plasma,  to  reach  the  hemoglobin  of  the  blood  corpuscles.  Similarly,  the  CO, 
must  leave  the  salts  of  the  plasma  with  which  it  is  in  combination,  and  diffuse  in 
the  opposite  direction,  through  the  wall  of  the  capillaries,  the  alveolar  membrane, 
and  epithelium,  to  reach  the  air  vesicles.  Let  AB  represent  the  alveolar  mem- 
brane ;  on  the  one  side  of  it  is  represented  the  partial  pressure  of  the  CO,  and  O 
in  the  air  vesicles  ;  and  on  the  other,  the  partial  pressure  of  the  CO,  and  O  in  the 
venous  blood  entering  the  lung.    The  indexes  indicate  the  direction  of  diffusion.] 
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Partial  pressure  of  air  in  j         "^ ' • 

alveoli  of  lung.  1  ' *   *   .    -    .    2744 

A ^—^ ; B 

Tension  of  gases  in  venous  f         4t    .    .  33 

blood  of  lung.  I      CO,  ..   \   .''.'.'.'.'.'.'..   \   .    ,0 

Nature  of  the  Process. — The  exchange  of  gases  between  ihe  blood  and  the 
air  in  the  lungs  has  been  represented  by  Donders  as  due  lo  the  process  of  dis- 
sociation. 

[Bohr  u»ctl  a  modified  rbeometer  of  Ludwlg's,  whereby  living  arterial  blood  was  brought  into 
direct  contact  with  a  volume  of  air  containing  a  greater  or  less  j.)ercemage  of  CO..  Even  when 
the  ainount  of  CO,  in  the  air  in  direct  contact  with  tbe  blood  was  very  small,  it  was  lounJ  that  very 
tittle  CO,  difliised  from  the  blood  into  the  air  space.  Bohr  therefore  concludes  that  the  separation 
of  CO,  from  the  venous  blood  in  tbe  lun^s,  and  its  passage  into  the  air  vesicles,  are  not  explicable 
on  the  hypothesis  of  difTusion.  but  we  must  rather  regard  the  CO,  as  removed  from  the  blood  by 
tbe  pulmooary  tissue  by  means  of  a  kind  of  secretory  process,  analogous  to  the  excretion  processes 
in  elands.] 

130.  DISSOCIATION  OF  GASES.— Many  gases  form  tru^  ehemual 
t&mp&umis  with  other  bodies  (/.  r.,  they  combine  according  to  their  equivalents), 
when  the  contact  of  these  bodies  is  effected  under  conditions  such  that  the  partial 
pressure  of  the  gases  is  high.  The  chemical  compound  formed  under  these  con- 
dilion'i  is  broken  up,  whenever  the  partial  pressure  is  diminished,  or  when  it 
learhcs  a  certain  minimum  level,  which  varies  with  the  nature  of  the  bodies 
forming  the  compound.  Thtjs,  by  increasing  and  diminishing  the  partial  pressure 
alternately,  a  chemical  compound  of  the  gas  may  lie  formed  and  again  broken  up. 
This  process  is  called  dissociation  of  the  gases.  The  minimal  partial  pressure 
is  constant  for  each  of  the  different  substances  and  gases,  but  femperaturf,  as  in 
the  lAsc  of  the  absorption  of  gases,  has  a  great  effect  on  the  partial  pressure ; 
witb  increase  of  temperature  the  partial  pressure,  under  which  dissociation  occurs, 
diminishes. 

As  an  example  of  the  dtsaociation  of  a  gas,  take  the  case  of  calcium  carbonate.  When  h  u 
bested  tn  the  atr  to  440°  C.  CO,  is  given  off  fiom  its  state  of  chemical  combJQalion,  but  is  taken  up 
igain  and  a  chemical  compound  formed,  which  is  changed  into  chalk  when  it  cools. 

Dissociation  in  the  Blood. — The  chonical  combinations  containing  CO, 

and   those  contaniing  O  within  the  blood  stream,  viz.,  the  salts  of  the  plasma, 

which  are  combined  with   CO„  and  the  oxyhaemoglobin,  behave  in  a  similar 

tnanner.     If  these  compounds  of  O  and  CO,  are  placed  under  conditions  where 

the  partial  pressure  of  these  gases  is  very  low—/.  /•.,  in  a  medium  containing  a 

wry  small  amount  of  these  gases,  the  compounds  are  dissociated,  /'.  f.^  they  give 

off  COjOrO.     If  after  being  dissociated  they  are  placed  under  conditions  where, 

owing  to  the  large  amount  of  these  gases,  the  partial  pressure  of  O  or  of  CO,  is 

high,  these  gases  are  taken  up  again,  and  enter  into  the  condition  of  chemical 

combination. 

The  haemoglobin  of  the  blood  in  the  pulmonary  capiUaries  finds  plenty  of  O  in 
the  alveoli ;  hence,  it  unites  with  the  O,  owing  to  the  high  partial  pressure  of  the 
f*  in  the  lung,  and  so  forms  the  compound  oxyhemoglobin.  On  its  course 
through  the  capillaries  of  the  systemic  circulation,  the  oxyhemoglobin  of  the 
t>Iood  comes  into  relation  with  tissues  poor  in  O ;  the  oxyhemoglobin  is  disso- 
wciaicd,  thcO  is  supplied  to  the  tissues,  and  the  blood  freed  from  this  O  returns 
to  the  right  heart,  and  passes  lo  the  lungs,  where  it  takes  up  the  new  O. 

The  blood  while  circulating  meets  with  most  CO,  in  the  tissues ;  the  high  par- 
^i*!  pressure  of  the  CO.  in  the  tissues  causes  the  CO,  to  unite  with  certain  con- 
sf'iiicnts  in  the  blood  so  as  lo  form  chemical  compounds,  which  carry  the  CO, 
tom  the  tissues  to  the  lungs.  In  the  air  of  the  lungs,  however,  the  partial  pressure 
Q^  the  CO]  is  very  low,  dissociation  of  these  chemical  compounds  occurs  under 
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the  low  partial  pressure,  and  the  CO,  passes  into  the  air  cells  of  the  lung,  from 
which  it  is  expelled  during  expiration.  It  is  evident  that  the  giving  up  of  O  from 
the  blood  to  the  tissues,  and  the  absorption  of  CO,  from  the  tissues,  go  on  side  by 
side  and  take  place  simultaneously,  while  in  the  lungs  the  reverse  processes  occur 
almost  simultaneously. 

131.  CUTANEOUS  RESPIRATION.-Methods— If  amonoran  animal  be  placed  Id 
the  clumber  of  ilic  respiratory  apparatus  ({  122),  and  if  lubes  be  so  arranged  that  the  resplralory 
gases  do  not  enter  the  chamltcr,  of  conrse  wc  obtain  only  the  " perspiraltoH"  of  the  skin  in  the 
chamber.  U  is  less  satisfactory  to  leave  ihc  head  of  the  person  outside  the  chamber,  while  the  neck 
ts  fikcd  air-tight  in  the  wall  of  the  chamber.  The  extent  of  the  cutaneous  respiration  of  a  Umb 
may  be  ascenainett  by  enclosing  it  in  an  air-tight  vessel  {Hakrig)  similar  to  thai  used  for  the  ann  is 
the  plethysmograpU  (g  lot). 

Lobs  by  Skin. — A  healthy  man  loses  by  the  skin,  in  24  hours,  ^  of  his  body 
weight,  which  is  greater  than  the  loss  by  the  lungs,  in  the  ratio  of  3:  a.  Only  10 
graintt\es — 150  grains, — or  it  may  be  3.9  grammes,  60  grains, — of  the  entire  loss 
are  due  to  the  CO,  given  off  by  the  skin.  The  remainder  of  the  excretion  from 
the  skin  is  due  to  water  [1^—2  lb  daily]  containing  a  few  salts  in  solution.  When 
the  surrounding  temperature  is  raised,  the  CO,  is  increased,  in  fact  it  nuy  be 
doubled  ;  violent  muscular  exercise  has  the  same  effect. 

O  Absorbed.— The  O  taken  up  by  the  skin  is  either  equal  to,  or  slightly  less 
than,  the  CO,  given  off.  hs,  the  CO,  excreted  by  the  skm  is  only  yJ-5  of  that 
excreted  by  the  lungs,  while  the  O  taken  in  =r  ■^\^  of  that  taken  in  by  the  lungs, 
it  is  evident  that  the  respirattny  activity  of  the  skin  is  very  slight.  Animals  whose 
skin  has  been  covered  by  an  impermeable  varnish  die,  not  from  suffocation,  but 
from  other  causes  (§  225). 

In  animals  with  a  thin,  moist  epidermis  (fn:^)  the  exchange  of  gases  i^  much  greater,  aod 
Ihero  the  skin  &u  far  supports  ihe  lungs  in  ihcir  function,  and  may  even  pftrlly  repjice  them 
tionally.     In  mammaJN  with  thick,  dry  cutaneoas  appendages,  the  exchange  of  gases  is.  agaio, 
Biuch  leu  than  in  man. 

13a.   INTERNAL   RESPIRATION.— Where  CO,  is   formed,— By 

the  term  "internal  respiration  "  is  understood  the  exchange  of  gases  between 
Ihe  capillaries  of  the  systemic  circulation  and  the  tissues  of  the  organs  of  the 
body.  As  organic  constituents  of  the  tissues,  during  their  activity,  undergo 
gradual  oxidation,  and  form  among  uther  products,  COj;  we  may  assume  (i) 
that  the  chief  focus  for  the  absorption  of  O  and  the  formation  of  CO,  is  to  be 
sought  for  within  the  tissues  themselves.  That  the  O  from  the  blood  in  the 
capillaries  rapidly  penetrates  or  diffuses  into  the  tissues,  is  shown  by  the  fact  that 
the  blood  in  the  capillaries  rapidly  loses  O  and  gains  CO,,  while  blood  containing 
O,  and  kept  warm  outside  the  body,  changes  very  slowly  and  incompletely.  !f 
portions  of  fr&ih  tis.sues  be  placed  in  dcfibrinated  blood  containing  O,  then  thcO 
rapidly  disappears.  Frogs  deprived  of  their  blood  exhibit  an  exchange  of  gases 
almost  as  great  as  normal.  This  shows  that  the  exchange  of  gases  must  take 
place  in  the  tissues  themselves.  If  the  chief  oxidations  took  place  in  the 
blood  and  not  in  the  tissues,  then,  during  suffocation,  when  O  is  excluded,  the 
substances  which  use  up  O,  /.*•.,  those  substances  which  act  as  reducing  agents, 
ought  to  accumulate  in  the  blood.  But  this  is  not  the  case,  for  the  blood  of 
asphyxiated  animals  contains  mere  traces  of  reducing  maCcrials  {P//ti^er).  It  is 
difficult  to  say  how  the  O  is  absorbed  by  the  tissues,  and  what  becomes  of  it 
immediately  it  comes  in  contact  with  the  living  elements  of  the  tissues.  Perhaps 
it  is  temporarily  stored  up,  or  it  may  form  certain  intermediate  less  oxidized  com- 
pounds. This  may  be  followed  by  a  period  of  rapid  formation  and  excretion  of 
CO,.  On  this  supposition,  it  is  evident  that  the  absorption  of  O  and  the  excre- 
tion of  CO,  need  not  occur  to  the  same  extent,  so  that  the  amount  of  CO,  given 
off  at  any  period  is  not  necessarily  an  index  of  the  amount  of  O  absorbed  duhpg 
the  same  period  (§  127). 
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[There  are  two  views  as  to  where  the  CO,  is  formed  as  the  blood  passes  through 
the  tissues.  One  view  is  that  the  seat  of  oxidation  is  in  the  blood  itself,  and  the 
other  is  that  it  is  formed  in  the  tissues.  If  we  knew  the  tension  of  the  gases  in 
the  tissues,  the  problem  would  be  easily  solved,  but  we  can  only  arrive  at  a  know- 
ledge of  this  subject  indirectly,  in  the  following  ways] :  — 

CO,  in  Cavities.— That  the  CO,  is  formed  in  the  tissues,  is  supported  by  the  fact  that  the 
unount  of  CO.  in  llic  fluids  of  the  cavities  of  the  body  b  greater  than  the  CO,  in  the  blood  of  the 
capilluics.     The  tension  of  CO,  in — 

Arterial  blood, 
Ftriloneal  cavity,    . 
Acid  urine, 

T^e  targe  amvunl  vf  CO,  in  ikese  fluids  can  only  arise  from  the  CO,  0/  the  tissues  passing  into 
them. 

Gases  of  Lymph. — In  the  lymph  of  the  ductus  (horaciois  the  tension  of  CO,  —  33.4  to  37.2 
mm.  Hg,  which  is  greater  than  in  arterial  bloo<l,  ^»/  considerably  less  than  in  venous  blood  (41.0 
mm.  Hg}.  \^t.udwrg  and  Hammarstm,  7'scAifyeie.'\  This  dues  not  entitle  us  to  conclude  that  in 
the  tissues  from  which  the  lymph  comes  only  a  small  quantity  of  CO,  ix  formed,  but  rather  that  in 
the  lymph  there  i»  less  attraction  for  the  CO,  formed  in  the  tissues  than  in  ihe  blootl  of  the  capLI- 
buies,  where  chcniical  forces  are  active  in  cau^tn^  it  to  combine,  or  that  in  the  course  of  the  long 
lyrojib  current,  the  CO,  is  partly  given  bsck  to  the  tissues,  or  that  CO,  is  formed  in  the  blood  itself. 
Kuither,  the  muscles,  which  are  by  far  the  largest  producers  of  CO,  contain  few  lymphatics,  never- 
Ihele&s  they  supply  much  CO,  to  the  blood.  The  amount  of  free  ••  non-fixed  "  CO,  contained  in  ihe 
jttices  and  tissue^i  indicates  that  the  CO,  passes  from  the  tissues  into  the  blood ;  tlill,  Pieyer  t>elievcs 
that  in  venous  blood  CO,  undergoes  chemical  combinalion.  The  exchange  of  O  and  CO,  varies 
much  in  the  different  tissues.  The  muscles  are  the  mcst  important  organs,  for  in  their  active  con- 
dition they  excrete  a  large  amount  of  COj,  and  use  up  much  O.  The  O  is  so  rapidly  used  up  by 
them  that  no  free  O  can  be  pumped  out  of  muscular  tissue  [L.  Hermann').  The  exchange  of  gasea 
ia  more  vigorous  during  the  activity  of  the  tissues.  Nor  aic  the  salivary  glands,  kidneys,  and  pan- 
crcaa  any  exception,  for  although,  when  these  organs  are  actively  secreting,  the  blood  nows  out  of 
the  dilated  veins  in  a  bright  red  stream,  still  the  relative  diminution  of  CO,  Is  more  than  compen* 
saled  by  Ihe  increxscd  volume  of  blood  which  pasiies  through  these  organs. 

Reductions  by  the  Tissues. — The  researches  of  Ehrlich  have  shown  that  in  most  tissues  very 
energetic  rcducUons  take  place.  If  coloring  matters,  sucli  as  alixarin  blue,  indophcnol  blue,  or 
meiUyl  blue,  be  introduced  into  the  blood  stream,  the  tissues  are  colored  by  them.  Those  tissues  or 
ufja&k  which  have  a  {larticular  affinity  for  O  {e-g.,  liver,  cortex  of  the  kidney,  and  lungs),  absorb  O 
6nB  these  pigments,  and  render  them  colorless.  The  pancreas  and  sub-maxillary  gland  scarcely 
tedttce  them  at  all. 

(z)  In  the  blood  itself,  as  in  all  tissues,  O  is  used  up  and  CO,  is  formed. 
This  is  proved  by  the  following  facts:  That  blood  withdrawn  from  the  body 
becomes  poorer  in  O  and  richer  in  CO, ;  that  in  the  blood  of  asphyxia,  free  from 
0,  and  in  the  blood  corpuscles,  there  are  slight  traces  of  reducitig  agents,  which 
become  oxidized  on  the  addition  of  O.  Still,  this  process  is  comparatively  insig- 
ni^cint  as  against  that  which  occurs  in  all  the  other  tissues.  That  the  walls  of  the 
*e»eU — more  especially  the  muscular  fibres  in  the  walls  of  the  small  arteries — use 
Oand  produce  CO,  is  unrju  est  ion  able,  although  the  exchange  is  so  slight  that  the 
blood  in  its  whole  arterial  course  undergoes  no  visible  change. 

Uilvig  and  his  pu{nU  have  proved  that  CO,  is  acitially  formed  in  the  blood.  If  the  easily  oxidiK- 
^  Uctaie  of  soda  be  mixed  with  blood,  and  this  blood  be  caused  to  circulate  in  an  excised  but 
^^orpm,  SDch  as  a  lung  or  kidney,  more  O  ii  used  up  and  more  CO,  is  formed  than  in  unmixed 
*»^  siDiiUrly  transfused. 

{3)  That  the  tissues  of  the  living  lungs  use  O  and  give  off  CO,  is  probable. 
*'l'tQ  C.  Ludwig  and  Miiller  passed  arterial  blood  through  the  blood  vessels  of  a 
''"'ig  deprived  of  air,  the  O  was  diminished  and  the  COj  increased.  As  the  total 
*iooiint  of  CO,  and  O  found  in  the  entire  blood  at  any  one  lime  is  only  4 
pttnmes,  and  as  the  daily  excretion  of  CO,  =  900  grammes,  and  the  O  absorbed 
™ly  =  744  grammes,  it  is  clear  that  exchange  of  gases  must  go  on  with  great 
■P'dity.  thai  ihc  O  absorbed  tnust  be  used  quickly,  and  the  CO,  must  be  rapidly 
fxcrtted. 
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Sfill,  it  is  B  slrikinf*  fact  that  oxidation  processes  of  such  magnitude,  as  f^.t  the  anion  of  C  to  form 
COj.  occur  at  the  relatively  low  temperature  of  the  blood  and  tissues.  It  has  been  surmised  that 
the  bluud  acts  as  an  ozone  producer,  and  transforms  this  active  form  of  O  to  the  tisouea.  Licbig 
shoved  ihat  the  a/kalinf  reaction  of  most  of  the  juices  and  tissues  favors  the  processes  of  oiidation 
Numerou-s  organic  substances,  which  are  not  altered  by  O  alone,  become  rapidly  oxidized  in 
the  presence  of  free  alkalies,  *^.,  gallic  acid,  pyrogallic  acid,  and  sugar;  while  many  organic 
acids,  which  are  unaflTccted  by  ozone  alone,  arc  changed  into  carbonates  when  in  the  form  of  alka- 
line salts  ( Go»'ufi- Besams) ;  and,  in  the  same  way,  when  they  are  introduced  into  the  body  in  the 
form  of  acids,  they  arc  partly  or  wholly  excreted  in  the  urine,  but  when  they  are  Adiiuai»er«d  as 
alkaline  compounds  they  are  changed  into  carl>nnales. 

\f  133.   RESPIRATION    IN    A    LIMITED    SPACE.— Respiration  in  a 

limited  space  causes  (i)  a  gradual  diminution  of  O;  (a)  a  simultaneous  in- 
crease of  COt ;  (3)  a  diminution  in  the  volume  of  the  gases.  If  the  space  be  of 
moderate  dimensions,  the  animal  uses  up  almost  all  the  O  contained  therein,  and 
dies  ultimately  of  spasms  caused  by  the  asphjTcia.  The  O  is  absorbed,  therefore — 
independently  of  the  lawsof  absor[>tion — by  chemical  means.  ThcO  in  the  blood 
is  almost  completely  used  up  (§  1 29).  In  a  larger  space,  the  CO,  accumulates 
rapidly,  before  the  diminution  of  O  is  such  as  to  affect  the  life  of  the  animal.  As 
COj  can  only  be  excreted  from  the  blood  when  the  tension  of  the  CO,  in  the  blood 
is  greater  than  the  tension  of  CO,  in  the  air,  as  soon  as  the  CO,  in  the  surrounding 
air  in  the  closed  space  becomes  tlie  same  as  in  the  blood,  the  CO3  will  be  retained 
in  the  blood,  and  finally  CO,  may  pass  back  into  the  body.  This  occurs  in  a  Urge 
closed  space,  when  the  amount  of  O  is  still  sufficient  to  support  life,  so  that  death 
occurs  under  these  circumstances  (in  rabbits)  through  poisoning  with  CO,  causing 
diminished  excitability,  loss  of  consciousness,  and  lowering  of  temperature,  but 
no  spasms  (  Worm  MiilUr).  In  pure  O  animals  breathe  in  a  normal  way;  the 
quantity  of  0  absorbed  and  the  CO,  excreted  is  quite  independent  of  the  percent- 
age of  O,  so  that  the  former  occurs  through  chemical  agency  independent  of  pres- 
sure. In  limited  spaces  filled  with  O,  animals  died  by  absorption  of  the  CO, 
excreted.  Worm  MuUcr  found  that  rabbits  died  after  absorbing  CO,  equal  to  half 
the  volume  of  their  body,  although  the  air  still  contained  50  per  cent.  O.  Animals 
can  breathe  quilequietly  a  mixture  of  air  containing  14.8  percent.  (20.9  jwrcent. 
normal);  with  7  per  cent,  they  breathe  with  difficulty;  with  4,5  per  cent,  there 
is  marked  dyspncca;  with  3  per  cent.  O  there  is  tolerably  rapid  asphyxia.  The 
air  expired  by  man  normally  contains  1410  18  jicr  cent.  O.  According  to  Hemp- 
ner,  mammals  placed  in  a  mixture  of  gases  poor  in  O  use  slightly  less  O. 

Dyspnoea  occurs  when  the  respired  air  is  deficient  in  O,  as  well  as  when  it  is  overchftrgcd  viik 
CO,,  but  the  dy&pncra  In  the  funner  cose  is  proloni^ed  and  severe ;  in  the  laUer,  the  respinUoiy 
activity  six>n  ceases.  The  want  of  O  causes  a  (;renter  anil  more  prolonged  increase  of  the  blood 
pressure  than  is  caused  by  an  excess  of  CO,.  L^tly,  the  consumption  of  O  in  the  body  is  leS 
afTecied  when  the  O  in  the  air  is  diminisbed  than  when  there  is  an  excess  of  CO^  If  air  cootaintsf 
a  diminished  amount  of  O  be  respired,  death  is  preceded  by  violent  phenomena  of  excttement  and 
spasms,  which  are  absent  in  cases  of  death  caused  by  breathing  air  overcharged  wUb  CO..  tn 
poisoning  with  CO,,  the  excretion  of  CO,  is  greatly  diminished,  while  with  diminution  of  6  it  is 
almost  unchanged. 

If  animals  be  supplied  with  a  mixture  of  gases  similar  to  the  atmosphere,  in^ 
which  N  is  replaced  by  H,  they  breathe  quite  normally  {Lavoisier  ami  Seguin)  \ 
the  H  undergoes  no  great  change. 

CI.  Bernard  found  that,  when  an  animal  breathed  in  a  limited  space,  it  became  partially  accustomed 
to  the  condition.  On  placing  a  bird  under  a  bell-jar,  it  lived  several  houn;  but  if  scvera.1  hours 
before  its  death,  another  bird  fresh  from  the  outer  air  were  placed  under  the  same  t)ell-)ar,  the 
Kcond  bird  tUed  at  once  of  convulsions. 

Frogs,  when  placed  for  several  hours  in  air  devoid  of  O,  give  oflT  just  as  much  CO.  as  in  air  con- 
taining O,  and  they  do  this  without  any  obvious  dJMurbance.  Hence,  il  appears  that  the  formation 
of  CO,  is  independent  of  the  absorption  of  O,  and  the  CO,  must  be  formed  from  the  decomposition 
of  other  compounds.  (JUimaiely,  however,  complete  motor  paralysis  occun,  while  the  circulaiioQ 
remains  undisturbed  {Au^rt). 
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[134.  DYSPNCEA  AND  ASPHYXIA.— For  the  causes  of  dyspncea  see 
§  111,  and  those  of  asphyxia  see  §  368.  I(  from  any  cause  an  animal  \>c  not  sup- 
plied with  a  due  amount  of  air,  normal  respiration  becomes  greatly  aliertd,  passing 
thr<iugh  the  phases  of  hyperpncea,  or  increased  respiration,  dyspnoea,  or  diFfi- 
cuUy  of  breathing,  to  the  final  condition  of  suffocation  or  asphyxia.  The 
phenomena  of  asphyxia  may  be  developed  by  closing  the  trachea  of  an  animal 
with  a  clamp,  or  by  any  means  which  prevents  the  entrance  of  air  or  blood  into 
Ihc  lungs. 

The  phenomena  of  asphyxia  are  usually  divided  into  several  stages:  i. 
I  Durmg  the  first  stage  there  is  liyperpnoea,  the  respirations  being  deeper,  more 
frequent,  and  labored-  The  extraordinary  muscles  of  respiration — both  those  of 
inspiration  and  expiration  (§  n8j — are  called  into  action,  dyspnoea  is  rapidly 
produced,  and  the  struggle  for  air  becomes  more  and  more  severe.  At  the  same 
lime  the  oxygen  of  the  blood  is  being  used  up,  while  the  blood  itself  becomes 
more  and  more  venous.  The  venous  blood  circulating  in  the  medulla  oblongata 
and  spinal  cord  stimulates  the  respiratory  centres^  and  causes  the  violent  respira- 
tions.    This  stage  usually  lasts  about  a  minute,  and  gradually  gives  place  to-— 

2.  The  second  stage,  when  the  inspiratory  muscles  become  less  active,  while 
those  concerned  in  labored  expiration  contract  energetically,  and  indeed  almost 
every  muscle  in  the  body  may  contract ;  so  that  this  stage  of  violent  expiratory 
efforts  ends  in  general  convulsions.  The  convulsions  are  due  to  stimulation  of 
the  respiratory  centres  by  the  venous  blood.     The  convulsive  stage  is  short,  and 

lis  usually  reached  in  a  little  over  one  minute.     This  storm  is  succeeded  by — 

3.  The  third  stage,  or  stage  of  exhaustion,  the  transition  being  usually  some- 
what sudden.     It  is  brought  about  by  the  venous  blood  acting  on  and  paralyzing 
the  respiratory  centres.    The  pupils  are  widely  dilated,  consciousness  is  abolished, 
and  the  activity  of  the  reflex  centres  is  so  depres«ied  that  it  is  impossible  to  dis- 
charge a  reflex  act,  even  from  the  cornea.     The  animal  lies  almost  motionless, 
with  llaccid  muscles,  and  to  all  appearance  dead,  but  every  now  and  again,  at 
long  intervals,  it  makes  a  few  deep  inspiratory  efforts,  showing  that  the  respira- 
tory centres  are  not  quite,  but  almost  paralyzed.     Gradually  the  pauses  become 
longer  and  the  inspirations  feebler  and  of  a  gasping  character.     As  the  venous 
blood  circulates  in  the  spinal  cord,  it  causes  a  large  number  of  muscles  to  con- 
tract, so  that  the  animal  extends  its  trunk  and  limbs.     It  makes  one  great  inspira- 
tory  spasm,  the  mouth  being  widely  opened  and  the  nostrils  dilated,  and  ceases 
to  breathe.     After  this  stage,  which  is  the  longest  and  most  variable,  the  heart 
becomes  paralyzed,  partly    from    being    over-distended   with  venous  blood,  and 
partly,  perhaps,  from  the  action  of  the  venous  blood  on  the  cardiac  tissues,  so 
ihit  the   pulse   can    hardly    be   felt.       To    this   pulseless    condition    the    term 
"aaph^iia  "  ought  properly  to  be  applied.     In  connection  with  the  resuscitation 
of  asphyxiated   persons,  it  is  important  to  note  that  the  heart  continues  to  beat 
(or  t  few  seconds  after  the  respiratory  movements  have  ceased. 

The  whole  series  of  phenomena  occupies  from  3  to  5  minutes,  according  to  the 
I  uiimal  operated  on,  and  depending  also  upon   the  suddenness  with  which  the 

i  intthtra  was  closed.     If  the  causes  of  suffocation  act  more  slowly,  the  phenomena 

Are  the  same,  only  Ihey  are  developed  more  slowly. 
The  Circulation. — The  post-mortem  ap|>eai'ances  in  man  or  in  an  animal  are 

generally  well  marked.     The  right  side  of  the  heart,  the   pulmonary  artery,  the 

vctiK  cavx,  and   the  veins  of  the  neck  are  engorged  with  dark  venous  blood. 

T^*  left  side  is  comparatively  empty,  because  the  rigor  mortis  of  the  left  side  of 
Ik  ^he  heart,  and  the  elastic  recoil  of  the  systemic  arteries,  force  the  blood  toward 

[  '''* systemic  veins.     The  blood  itself  is  almost  black,  and  is  deprived  of  almost 

K  "I  its  oxygen,  its  haemoglobin  being  nearly  all  in  the  condition  of  reduced 
H  ncrsofjlobin,  while  ordinary  venous  blood  contains  a  considerable  amount  of 
H      ^^yhxmoglobin  as  well  as  reduced  Hb.     The  blood  of  an  asphyxiated  animal 
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practically  contains  none  of  the  former  and  much  of  the  latter.  It  is  important 
to  study  the  changes  in  the  circulation  in  relation  to  phenomena  exhibited  by  an 
animal  during  sulTocatipn. 

\Vc  may  measure  the  blood  pressure  in  any  artery  of  an  animal  while  it  is  being 
asphyxiated,  or  we  may  ofjen  its  chest,  maintain  artificial  respiration,  and  place  a 
manometer  in  a  systemic  artery,  e.  g.,  the  carotid,  and  another  in  a  branch  of  the 
pulmonary  artery.  In  the  latter  case,  we  can  watch  the  order  of  events  in  the 
heart  itself,  when  the  artificial  respiration  is  interrupted.  It  is  well  to  study  the 
events  in  both  cases. 

If  the  blood  pressure  he  measured  in  a  systemic  artery,  e.  ,^.,  the  carotid,  it 
is  found  that  the  blood  pressure  rises  very  rapidly,  and  to  a  great  extent  during 
the  first  and  second  stages;  the  puUe  beats  at  first  are  quicker,  but  soon  become 
slower  and  more  vigorous.  During  the  third  stage  it  falls  rapidly  to  zero.  The 
great  rise  of  the  blood  pressure,  during  the  first  and  second  stages,  is  chiefly  due 
to  the  action  of  the  venous  blood  on  the  genera!  vasomotor  centre,  causing  con- 
striction of  the  small  systemic  arteries.  The  peripheral  resistance  is  thus  greatly 
increased,  and  it  tends  to  cause  the  heart  to  contract  more  vigorously,  but  the 
slower  and  more  vigorous  beats  of  the  heart  are  also  partly  due  to  the  action  of 
the  venous  blood  on  the  cardio-inhibitory  centre  in  the  medulla. 

If  the  second  method  be  adopted,  viz.,  to  open  the  chest,  keep  up  artificial 
respiration,  and  measure  the  blood  pressure  in  a  branch  of  the  pulmonary  artery, 
as  well  as  in  a  systemic  artery — f.  g.,  the  carotid — we  find  that  when  the  artificial 
respiration  is  slopped,  in  addition  to  the  rise  of  the  blood  pressure  indicated  in 
the  carotid  manometer,  the  cavities  of  the  heart  and  the  large  veins  near  it  are 
engorged  with  venous  blood.  There  is,  however,  but  a  slight  comparative  rise 
in  the  blood  pressure  in  the  pulmonary  artery.  This  may  be  accounted  for,  cither 
by  the  pulmonary  artery  not  being  influenced  to  the  same  extent  as  other  arteries 
by  the  vasomotor  centre,  or  by  its  greater  distensibility  (§  88).  But,  as  the  heart 
Itself  is  supplied  through  the  coronary  arteries  with  venous  blood,  its  action  soon 
becomes  weakened,  each  beat  becomes  feebler,  so  that  soon  the  left  ventricle 
ceases  to  contract,  and  is  unable  to  overcome  the  great  peripheral  resistance  in 
the  systemic  arteries,  although  the  right  ventricle  may  still  be  contracting.  As 
the  blood  becomes  more  venous,  the  vasomotor  centre  becomes  paralyzed,  the 
small  systemic  arteries  relax,  and  the  blood  flows  from  them  into  the  veins,  while 
the  blood  pressure  in  the  carotid  manometer  rapidly  falls.  The  left  ventricle, 
now  relieved  from  the  great  internal  pressure,  may  execute  a  few  feeble  beats,  but 
they  can  only  be  feeble,  as  its  ti.ssues  have  been  subjected  to  the  action  of  the 
very  impure  blood.     More  and   more  blood  accumulates  in  the  right  side  from 

the  causes  already  mentioned.     The  violent  inspiratory  efforts  m  the  early  stages 

aspirate  blood  from  the  veins  toward  the  right  side  of  the  heart,  but  of  courai|^H 
this  factor  is  absent  when  the  chest  is  opened.]  ^H 

[Convulsions  during  asphyxia  occur  only  in  warmblooded  animals,  and  not 
in  frogs.  If  a  drug  when  injected  into  a  mammal  excites  convulsions,  but  does 
not  do  so  in  the  frog,  then  it  is  usually  concluded  that  the  convulsions  are  due 
to  its  action  on  the  circulation  and  respiration,  and  not  to  any  direct  stimulating 
effect  upon  the  motor  centres.  But  if  the  drug  excites  convulsions  both  in  the 
mammal  and  frog,  then  it  probably  acts  directly  on  the  motor  centres  (/?rtf«A)«).] 

[Recovery  from  the  condition  of  Asphyxia. —  If  the  trachea  of  ado;;  be  closed  suddenly 
and  cntnpkiely,  ilie  avcra(;c  duration  of  the  rcApiraiory  muvcmcnls  is  4  minutes  5  sccmids,  while 
ihc  hean  coniinnes  to  beat  for  about  7  minuies.  Rccover7  may  be  obtnined  if  proper  nicom  l>c 
adopted  beOTc  the  heart  ceases  to  beat;  but  aftci  ihi^,  never.  If  a  dug  be  drowned,  the  rei^ull  is 
dillerent.  Ahti  cutnplcte  submersion  for  ijt^  minmcft,  recovery  did  not  take  place.  In  drown- 
ing,  air  passes  out  of  the  chest,  and  water  is  inspired  into  and  fills  the  air  vesicles.  It  it  rare 
fur  recovery'  to  take  place  in  a  person  deprived  of  air  for  more  than  6ve  minutes,  [f  the  siate- 
mculs  of  sponge  divers  are  to  be  trusted,  a  person  may  become  accustomed  to  the  deprtvat  of  air 
for  a  longer  time  ihoii   u&ua).     In  cases  wbcrc  recovery  takes  place  after  a  much  longer  period 
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kubmernon,  it  hms  been  ftugge&ted  that,  in  these  caxex,  lyncotie  occuri,  the  heart  Ixfait  bat  feebly 
or  not  Bt  til,  so  thu  ihe  oxygen  in  (he  blood  U  not  used  up  with  the  same  rapidity.  It  ii  a 
wdl-known  fact  that  itcwlyliufn  and  young  puppies  can  be  submerged  for  ■  long  time  before 
ihey  are  suffocalc^l.'] 

Artificial  Respiration  in  Asphyxia. — In  cases  of  ia^»endcd  •.vthmalXon,  arfijirial  resfitrafhm 
muM  be  performed.  The  tir«t  thing  to  be  done  is  lo  reoiove  any  furcign  Mibatance  from  the  respira- 
|(»ry  (XUMgcs  (mucus  or  tr;<tcniatou<t  I1ui<l»}  in  the  newly-born  or  asphyxiatctl.  In  doubtful  cases, 
open  the  trachea  and  suck  out  any  Huid  by  nicaos  of  an  clastic  caihetec  |r'.  IfHter).  Recourse 
must  in  all  ca«es  be  had  to  artificial  reipiration.  There  are  Eevernl  methods  of  dilating  and 
coropreisbing  the  chest  so  a«  to  cause  an  exchange  of  gases.  One  mcihod  is  to  compress  tlie  chest 
rhythmically  with  the  hands. 

[MarsbaU  Hall's  Method.— "After  clearing  the  mouth  and  throat,  place  the  patient  on  the 
face,  raiking  and  supporitng  the  che»t  well  on  a  folded  cnai  or  otiier  article  of  dress.  Turn  the  I»dy 
very  gently  on  the  side  and  a  liitie  beyond,  and  then  briskly  on  the  face,  back  again, repealing  these 
measures  cautiously,  clficicnily,  and  perscvcringly.  about  tiftccn  times  in  the  minute,  or  once  every 
four  or  live  seconds,  occasionally  varying  ihe  side.  Hy  placing  the  patient  on  the  chest,  the  weight 
of  ihe  body  forces  the  air  out ;  when  lunted  on  the  side,  this  pressure  is  removed,  and  uir  enlers  the 
chest.  On  each  occasion  that  the  body  i.^  replaced  on  the  face,  make  uniform  but  efficient  pressure 
with  brisk  movement  on  the  l>ack  between  and  below  the  shoLilder  blades  or  ttoncs  on  each  side, 
removiiq;  the  prcsiture  immctlialcly  before  turning  the  Itody  on  the  side.  During  the  whole  of  the 
operations  let  one  person  attend  solely  to  the  movements  of  the  head  and  of  the  arm  placed 
under  it."] 

[Sylvester's  Method. — "Place  Ihe  patient  on  the  back  on  the  flat  surface,  Inclined  a  little 
npward  from  the  feet;  raise  and  sup])ort  the  head  and  shoulders  on  a  small  firm  cushion  or  folded 
anicle  of  dreu  placed  under  the  shoulder-blades.  Draw  forward  the  patient's  tongue,  and  keep  it 
projecting  beyond  Ihe  lips;  an  elastic  bund  over  the  tongue  and  under  the  chin  will  answer  this 
purpose,  or  a  piece  of  string  or  tape  may  be  tied  round  them,  or  by  raiding  the  lower  jaw  the  teeih 
may  he  made  lo  retain  the  tongue  in  that  position.  Remove  all  liglit  clothing  from  about  the  neck 
and  chesl,  especially  the  braces."  '*  To  Imitate  the  Sfavements  of  Bretithing. — Sunding  at  the 
patient's  head  grasp  the  arms  jast  above  the  elbows,  and  draw  the  arms  gently  and  steadily  upward 
above  the  head,  and  keep  them  stretched  upward  for  two  seconds,  Ity  this  means  air  is  drawn  into 
iJie  lungs.  Then  turn  down  ihc  patient's  arms,  and  press  them  gently  and  firmly  for  two  secondti 
against  the  sides  of  the  chc^t.  Ity  this  means  air  is  pressed  out  of  ihe  lun^s.  Repeat  these 
measures  alternately,  ite liberate ly,  and  pcrscvcringly  about  fifteen  times  in  a  minute,  until  a  sponta- 
neous effort  to  respire  is  percetvedt  immediately  upon  which  cease  to  imitate  the  movements  of 
breathing,  and  proceed  lo  mJmt  eireulatitiH  and  ■ittirmth!''*'\ 

Howard  advises  rhythmical  compression  of  the  chest  and  abdomen  by  silting  like  a  rider  astride 
of  the  body,  while  Scbvllter  advises  that  the  lower  ribs  be  seized  from  above  with  both  bands  and 
raised,  whereby  the  chc»t  is  dilated,  especially  when  the  thigh  is  pressed  against  the  abdomen  lo 
coroprcaa  the  abdominal  walls.  The  cheii  is  compressed  by  laying  the  hands  Hat  upon  the  hypo- 
cbofsdria.  Artificial  respiration  acts  favorably  by  supplying  <  >  to,  as  well  as  removing  CO,  from,  the 
blood;  further,  it  aids  the  movement  of  the  blood  within  the  heart  and  in  the  large  vessels  of  the 
tborai.  U  Ihe  action  of  the  heart  has  ceased,  recovery  is  impossible.  In  asphyxiated  newly-born 
children,  we  muM  not  cease  too  soon  to  perform  arti5cial  respiniion.  Even  when  the  result  appears 
hopeless,  we  ought  to  persevere.  PtlUger  and  Zuniz  ob»crved  that  the  relies  excitability  of  the  fcetal 
heart  ooatinueil  for  levera!  hours  after  the  death  of  the  mother. 

ResoBCtiAtion  by  compressing  the  heart.— BAhm  found  that  in  the  case  of  cats  poisoned  with 
potash  salts  or  clilnmfurm.  or  asfmyxiated,  so  as  to  arrest  respiration  and  the  action  uf  the  heart — 
even  for  a  period  of  forty  minutes — and  even  when  the  pressure  within  the''carotid  had  fallen  to 
t*so^  be  could  restore  animation  by  rhylkmieitt  eomfreiuen  of  the  hrart.  combined  wtlh  artincial 
respiration.  The  compression  of  the  heart  causes  a  slight  movement  of  the  blood,  while  it  acts  at 
the  same  time  as  a  rhythmical  cardiac  stimulus,  .\fter  recovery  iif  the  respiration,  the  relics  excila- 
lillky  and  gradually  aKo  voluntary  movements  are  restoreil.  The  animaU  are  blind  for  several  days, 
ibe  bn^D  acts  slowly,  and  the  urine  contains  tu^ar.  These  experiments  show  how  important  tt  is 
in  ones  of  asphyxia  lo  act  at  the  same  lime  upon  the  heart. 

For  physiological  purposes,  artificial  respiratinn  is  often  made  u«e  of.  especially  after  poi- 
arming  wilh  curara.  Air  xiforttd  into  the  lungs  by  means  of  an  elastic  l»ag  or  IjcHows,  a,tachcd  to 
s  cannula  tied  in  the  trachea.  The  cannula  has  a  small  opening  in  the  side  of  it  to  allow  the 
expired  air  to  esca{>c. 

Patbolofical.— After  the  lungs  have  once  been  propcriy  distended  with  air,  it  is  imposcible  by 
any  amount  of  direct  compression  of  them  to  get  rid  of  all  the  air.  I'his  is  itrobably  due  to  the 
picwurc  acting  on  the  small  bronchi,  so  as  |n  sijueere  them,  before  the  air  can  be  forced  out  of  the 
sir  vesicles  If,  however,  a  lung  be  filled  wilh  CCt,.  and  be  suspended  in  water,  the  Ct\  i»  alAtjrbcd  by 
Ihe  witcr.atMl  ihe  lungs  become  .[uite  free  from  air  and  arc  atelectic  [Htrmunn  and  Keller).  TTie 
atelectasis,  which  sometimes  occurs  in  the  lung,  may  thus  be  cKpIainetl :  If  a  bronchus  is  stopped 
wilh  mucus  or  exudation,  CO,  accumulates  in  the  air  vesicles  belonging  lo  this  bronchos.     If  the 
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CO,  is  absorbed  by  the  blood  or  lymph,  the  cor respoti ding  area  of  the  lung  will  become  atelrctk. 
Sometime!!  ihere  ia  spnsm  or  the  Tcspiratory  muscU'»,  brought  about  by  direct  or  reflex  biinmlaiiua 
of  the  rc^piialory  centre. 

135.  RESPIRATION  OF  FOREIGN  GASES— No  gas  without  a  saffident  adninstHre 
of  O  can  su(>poit  life.  Even  wiih  completely  innocuuus  and  iodifi'crcnt  gases,  if  no  O  be  mixed 
with  tlirm,  thty  cau*c  ftufTorotion  tn  2  to  3  niinvtlcs. 

I.  Completely  indiffetent  Gases  are  N,  II,  CIT^.  The  living  blood  of  an  aoitnal  breaihii^ 
these  gaf.a  yitldi  nu  O  to  thrm  (  P/ftix'^r). 

II.  Poisonous  Gases. — O  displacing  Gases.— (d)  Those  Ihnt  displace  O,  and  form  a  stable 
compound  with  the  hxnio^lol'in  (i)  CO  (i;^  16 and  17).  (2)  CNIl  (hydrocyanic  acid)  ilik|ilaccfl(?i 
O  (rum  nxmoglol'in.  forming  a  more  sul'lc  compound,  and  kilU  vxcccdinuly  rapidly.  Blood 
corpuscles  charged  with  hydrocyanic  acid  lose  the  prupeity  of  decumpotmg  uydric  peroiide  into 
water  and  O  (J  17,  5). 

(6)  Narcotic  Gases.— (i)  CO,. — v.  Pctlcnkorer  characlert/e«  atmospheric  air  cooiaining  .1  pet 
cent.  CO,  ns  "l.ad  air;"  Atill,  air  in  a  n>om  containing  llii&  amount  of  CO,  produces  a  diftacrrealile 
feeling,  rather  from  (he  impurities  mixed  with  it  than  from  the  actual  amount  of  CO,  itself.  Air 
containing  1  percent.  CO,  produces  decided  discomfort,  and  with  10  percent,  it  endiingers  life, 
while  laiger  amounts  cause  death,  with  symptoms  of  coma.  (3)  N,0  (nitrous  oxiile],  mpiied, 
mixed  with  }  volume  O,  causes, after  i  to  2  minutes,  a  short  irmporary  stage  of  encileroenti"  Laugh- 
ing gas"  of  H.  Davy),  which  is  succeeded  by  unconsciou»ness,  and  afterward  by  an  iocrcucd 
excretion  of  CO,.     ( j)  Ozonized  air  causes  simibr  effects  {^int}. 

{f)  Reducing  Gases. — {>}  M,S  (sulphuretted  hydrogen)  rapidly  rolis  blood  corpuKcIrt  of  O. 
S  and  11,0  hcing  fmmed,  and  death  occurs  rapidly  before  the  gas  can  decompose  the  h-Tmoglobia 
to  form  a  sulphur-mclhnrmo^Iobin  compound. 

(2)  PM,  (phosphuretiec^i  hydrugcn)  is  oxidized  in  the  blood  to  form  phosphoric  acid  and  water, 
with  dccompusiiion  of  the  ha.roogiul)in. 

(t)  AslI,  (ar?ieniuretted  hydmgen)  and  SbH,  fantimonttirelled  hydrogen)  act  like  PH^  but  the 
heemot>lohin  passes  out  of  the  sironia  and  appears  in  the  urire. 

(4)  C«N,  (cyanogen)  absorlis  O,  and  decomposes  the  blooti. 

III.  Irrespirable  Gases,  j'.^.,  gases  which,  on  entering  the  larynx,  cause  reflex  spasm  of  the 
gloltis.  When  itslroduccd  into  the  trachea,  ihcy  cause  inflammation  and  death.  Under  this  cate- 
gory come  hydrochloric,  hydrcHuoric,  sulphurous,  nitrous,  and  nitric  acids,  ammonia,  chlorine. 
fluorine,  and  o/one. 

136.  ACCIDENTAL  IMPURITIES  OF  THE  AIR.— Among  these  are  dust  particles, 
which  occur  in  enormous  am<>uiit  su!^pen(1e<l  m  the  air,  and  thereby  act  injuriously  upon  the  re»|«- 
ntory  organs.  The  ciliated  epitbclium  ol  the  rej-piratury  brassages  elimiuaies  a  large  nunil«r  of 
ihcm  (Kig.  t4&).     Some  of  them,  however,  reach  the  air  veiticles  of  the  lung,  where  they  pcoetntte 

the  epithelium, reach  the  interHiiial  lung 
}■'":    I  ^^,  tissue  and  lympliatics,  and  so  puts,  with 

the  lymph  Mrram  into  the  bronchial 
glands.  ['articles  of  coa/  or  cAureatii 
are  found  in  the  lungs  of  all  elderly  ia- 
diviiluals,  and  blacLen  the  alveoli,  la 
modi-rate  amount,  these  black  particles 
do  not  seem  10  do  any  harm  in  the  tis- 
sues, but  when  there  are  large  accumo- 
latioiis  they  give  rise  to  lung  afieciioos. 
which  lead  to  disinlegralioii  uf  these 
organs.  [In  coal  miners,  for  caample. 
the  lung  tissues  along  the  track  of  the 
lymphaiics  and  in  the  bronchial  gUnds 
arc  quite  Mack,  constituting  *'Coal 
miners*  lung."1  Tn  many  trades  various  particles  occur  in  the  air;  miners,  giiudcrB,  sl»oc 
masons,  file  mAeis,  n  cavei--,  spinners,  lol<acco  m-inufociurcRt,  millers,  and  bakers  suffer  fr>>m  lung 
affectinns  caused  by  the  introduction  of  particles  of  various  kinds  inhaled  during  the  time  they 
arc  01  work. 

Oeims. — Thei*  seems  no  doubt  that  the  seeds  of  some  contagious  diseases  may  be  inhaled. 
Diphlhcrilic  bacteria  (Bacilhia  diphtheTi.-v)  become  localized  in  the  ph.irynx  and  in  the  laryni— 
glanders  in  the  nose— measles  in  ihc  bronchi — whooping  cough  in  the  bronchi — hay  mtmads  in 
the  nose— the  Hacillus  pneumoniae  of  pneumonia  in  the  pulmonary  alveoli.  Tuberculosis,  accord- 
iDg  lo  R.  Koch,  is  due  to  the  introduction  and  development  of  the  Hacillus  tuberculosis  in  the 
lungs,  the  bacillus  being  derived  from  the  fiutt  of  tuberculous  spula.  The  same  seems  to  be  the 
case  with  the  Uacillus  of  lepro-y  and  with  UacillLis  malaiinr,  which  is  the  cause  of  malaria.  The 
latter  organism  thus  reaches  llie  blood;  it  changes  the  Ht)  within  the  red  blood  corfiU<tcies  into 
melanin  ({  10,  3),  and  causes  them  lo  break  op.     The  Micrococcus  vaccinae  of  imallpcx  gatai 
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aeceaa  lo  the  Uood  in  the  atme  way,  alto  the  Spirillum  of  remiltcnt  fever  ( Fig.  23),  the  Microbe  of 
■CAtltft  fever,  etc. 

Seeds  of  diMatc  pouinc  into  the  mouth  along  with  atr,  and  alto  with  the  food,  are  swallowed, 
Bftd  an<ieri;n  developnient  In  the  intestinal  tract,  a%  is  probibly  the  case  in  chnlera  (Comma,  bacillus 
of  Jf.  AWA),  dpeotcry,  typhoiJ,  aiij  anthrax  uhich  is  due  lo  Bacterium  anthraci)*  ^Kig.  34.). 

137.  VENTILATION  OF  ROOMS.— Ftesb  air  i*  ai  neceisary  for  the  healthy  as  for  ihc 
ack.  Every  healthy  perton  ou^ht  to  have  a  cubic  space  of  at  (he  very  tcul  Soo  cubic  feel,  and 
every  sick  perron  at  the  very  lean  1000  cubic  feet  of  space.  [The  cubic  space  allowed  per 
individual  varies  greatly,  fmt  looo  cubic  feet  is  a  fair  average.  If  the  air  in  this  space  is  to  be 
Vcpt  sweet,  so  that  the  CO,  does  not  etceed  .06  per  cenL.  3000  cubic  feet  of  air  per  hour  must  be 
Hipptied.  J  r..  the  air  in  the  space  muu  be  renewed  three  limes  per  hour.] 

[  Floor  Space. —It  is  equally  important  to  secure  sufficient  floor  space,  and  this  is  especially  the 
case  in  hospitals.  If  possil>le,  100-120  square  feet  of  floor  space  ought  to  be  provided  for  each 
[tttirni  in  a  hospital  ward,  and  if  it  is  olitamable  a  cubic  space  of  Ijoo  cubic  feet  {Ptirifjj.  In 
all  CAS«sth«  minimum  lloor  fpace  should  not  be  less  than  -^^  of  the  cubic  space.] 

Overcrowding. — When  there  is  overcrowding  in  a  room,  the  amount  of  CO.^  increases,  v. 
I'cttenkofcr  found  the  normal  amount  of  CO,  (04  to  05  per  iocx>)  increased  in  comfortable  rooms 
to  0.54-07  per  lOQO;  in  badly  ventilated  &ick  chambers  =  3.4;  in  overcrowded  auditoriums,  3  3; 
in  pii«  =  4.9  ;  in  M:hool  rooms,  7.3  per  1000.  Although  it  is  not  the  quantity  of  CO^  which  makes 
|he  air  of  an  overcrowded  room  injurious,  but  the  excretions  fnim  the  outer  ami  inner  surfaces  uf 
the  body,  which  give  a  distinct  odor  to  the  air,  quite  recognizable  by  the  sense  of  smell,  still  the 
amount  of  CO,  is  taken  as  an  index  of  the  presence  and  amount  of  these  other  deleterious  sub- 
Blancc&.  Whether  or  not  ihe  ventilalion  of  a  room  or  ward  occupied  by  perions  is  suflTicitnt,  is  as- 
certained by  estimating  the  amount  of  CO,.  A  room  which  does  not  give  a  disagreeable,  somewhat 
stuffy,  (Klur  has  less  than  0.7  per  looo  of  CO,,  while  the  veniilation  is  certainly  insufficient  if  the 
CO,  =  I  per  1000.  As  the  air  contains  only  0.000$  cubic  metre  CO,  in  1  cubic  metre  nf  air,  and 
a>  an  adult  produces  hcurly  oo336  cubic  metres  CO,,  calculation  shows  that  every  person  requires 
tij  cubic  metres  of  fresh  oir  jwr  hour,  if  the  CO,  is  not  to  exceed  0.7  per  tooo-,  for  0.7  :  looo  ■= 
(0.0326  -f-  X  X  0.0005}  '■  JtJrnX=  113. 

^[Vitiating  Products.— In  a  state  of  repose, an  adult  man  gives  off  from  13  lo  16  cubic  feet  of 
CO,  in  iwenty-four  hours,  or  on  an  average  .6  cubic  feet  per  hour.  To  this  must  be  added  a 
ccnain  quantity  of  organic  matter,  which  is  extremely  deleterious  to  health.  While  the  CO,  dif- 
fosc*  readily  and  is  easily  dispijsed  of  by  opening  the  windows,  this  is  not  the  cose  with  the  organic 
■natter,  which  adheres  to  clothing,  curtains,  and  furniture ;  hence,  to  get  rid  of  it.  a  room,  and  espe- 
cially a  sleeping  apartment,  requires  to  be  well  aired  for  a  long  time,  together  with  the  free  admiasion 
of  sunligbi.  We  must  also  remember  that  an  adult  gives  olT  from  2C  lo  40  01,  of  water  by  the 
skin  and  lungs.  The  nature  of  the  organic  matters  11  not  precisely  known, but  some  of  it  is  par- 
ticulate, consisting  of  epithelium,  fatty  matters,  and  organic  vapors  from  the  lungs  and  mouth.  It 
blackens  sulphuric  acid,  and  decolorizes  a  weak  solution  of  poiassic  (lermaiiganale.  As  a  lest,  if 
we  expire  through  distilled  water,  and  this  water  be  set  aside  fiir  some  time  in  a  wurtn  place,  it  will 
anon  become  fn-tid.  Wc  must  aKo  lake  into  cotisidcratlon  the  products  of  combustion  ;  thtu  I 
C«l>ic  foot  of  coal  gas,  when  burned,  destri>ys  alt  the  O  in  8  cubic  feel  of  air  (/'i/ri^j ,.] 

Meth-^s. — In  ordinary  rooms,  where  every  person  is  allowed  Ihe  necessary  cubic  £p.ice  (looo 
CbUc  feet),  the  air  is  sufhcienlly  renewed  by  means  of  the  pores  in  the  walls  of  the  room,  by  the 
opening  and  shutting  of  doors,  and  by  Ihe  fireplace,  provided  the  dami^icr  is  ket>t  open.  It  is  moct 
important  to  notice  that  the  natural  ventilation  be  not  interfered  with  by  dampness  uf  the  walls,  for 
Ihts  nilluencei  the  pores  very  greatly.  At  the  same  time,  damp  wallf  arc  injurious  to  health  by  con- 
duclitig  away  heal,  and  in  them  the  germs  of  infcctiou*  diseases  may  develop. 

[Natural  Ventilation. — Hy  this  tirrm  is  meant  the  ventilation  brought  about  by  the  ordinary 
forces  acting  in  nature:  such  as  ddTusion  of  gn^cs,  the  action  of  winds,  and  the  movements  exctted 
owing  t«i  the  •iifft-rt^nt  deuMties  of  air  at  unc<]u:i1  temiieralurcs.] 

[Artificial  Ventilation. — Various  methods  are  in  use  for  ventilating  public  buildings  and  dwell- 
tfig  houses.  Two  princi[)les  are  ado[>led  for  the  former,  viz.,  extraction  and  propulsion  of  air. 
In  Ihc  f<>rmer  method,  the  air  U  sucked  out  of  the  rooms  by  a  fan  or  other  appiratus.  while  in  the 
latter,  air  is  forced  into  the  rooms,  the  air  being  previously  heated  to  the  necessary  temperature.] 

\\  very  cunvmient    mcthoti    uf  inlnMlucing    air   into    a    room   is  by  means   of  Tobin'a  tubes, 
placed  in  the  walls.     The  air  enters  through  these  tubes  from  the  outride  near  the  floor,  and  is  car- 
ried op  six  or  mnre  feet,  10  an  opening  in  the  wall ;  the  cool  air  thus  tlesccnds  slr^wly.     For  a  sit- 
'  loom,  a  convenient  plan  of  winduw  ventilation  is  H.  Bird's  Method  :   Raise  the  lower  sash 
I  ttlare  iindrr  tl,  SO  as  to  fdl  up  the  opening,  a  piece  uf  wood  J  or  4  inches  high.     Air  will  then 
;<ward  direction,  between  the  upper  part  of  the  lower  sash  frame  and  the  lower  part 
ne.] 

MATION  OF  MUCUS— SPUTUM.— The  respiratory  mucous 

•red  normally  with  a  ihin    layer  of  mucus  (Fig.  130,  a).     It  so 

latioQ  of  new  mucus  by  protecting  the  mucous  glands  from  the 
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action  of  cold  or  other  irritative  agents.  New  mucus  is  secreted  as  that  already 
formed  is  removed.  An  increased  secretion  accompanies  congestion  of  the  res- 
piratory mucous  membrane  [or  any  local  irritation].  Division  of  the  nerves  on 
one  side  of  the  trachea  (cat)  causes  redness  of  the  tracheal  mucous  membrane  and 
increased  secretion  {Jiossdach),  [but  the  two  processes  do  not  stand  in  the  relation 
of  cause  and  effect].  [The  secretion  cannot  be  excited  by  stimulating  the  nerves 
going  to  the  mucous  membrane.  This  merely  causes  ansemia  of  the  mucous 
membrane,  while  the  secretion  continues]. 

Modifying  Condittona. — If  ice  be  placed  on  ihe  belly  of  an  aaimal  so  as  to  cause  the  animal 
"  to  lakf  .1  (cUC*  (he  respiratory  mucous  memhranc  first  become*  pale,  and  afterward  there  is  a 
copious  mucous  tecreliun.  the  membrane  becoming  deeply  congeMed.  The  injection  of  sodium 
carbonate  and  ammnniiim  chloride  into  the  bl(X>d  limit*!  the  secretion.  The  local  application  o< 
alum,  silver  nitrate,  or  tannic  acid,  makes  the  mucous  membrane  turbid,  and  the  epithelium  is  khc4 
The  secretion  is  eicited  by  apomorphin,  emetin,  pilocarpin,  and  i^wcacuanlm  when  given  inlemallj| 
while  it  is  limited  by  atropin  and  morphia  {/icssbitch). 


Fin.  149. 
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Vftri«t«  objrcU  fnHnil  ill  Bpidiitn.     i,(lelntii«  atiH   p:iilirlr^  nrJiitl:   »,  .-ilt^nLr  epiOicliuni  with  {-il 
xnd  pigmenteil  nlrenUr  cpiih«luiin  ;  4.  »Wca[»r  cpitheltiini  with  mychn-forniK;  j,  fntc  n))'«liii-fi:>ini  . 
cuillicnuia.  »t>mc  without  cilU:  it.  iqiLiinoiu  citithelium  from  the  otouitt .  y,  (cticocym  :  lu.cl.i  < 
fibfin  ca<l  of  a«mall  brnnchtH  :  ta,  IcpCoihrix  biicalif  with  cocci,  bnctcriA,  atul   *pirachBt>«:  a,  lati)  ^ctil ' 
uls  unJ  free  (utty  gnuiiiln  ;  i,  hxinaiuidin ;  e,  Charoot'i  crystsb ;  J,  cholatcrin. 

[Expectorants  favor  Ihe  removal  of  the  wcretions  from  the  air  passage?.  ITiis  they  may  do 
eitficr  by  (a)  altering  the  character  and  qualities  of  the  secretion  itself,  or  {6)  by  alTectitig  theexpoU 
»i*e  mechanism.  Some  of  the  drugs  already  mentioned  are  examples  of  the  fir«  class.  The  second 
class  act  chiefly  by  influencing  tlie  respiratory  centre,  e.  ^,,  ipecacuanlia,  strychnia,  smmonu. 
seneg.! -,  emetics  also  act  cnrrgeticnlly  oh  ex|;eciorants,  as  in  some  caset  of  chronic  broftChitU; 
warmth  and  moianre  in  the  air  arc  also  powerful  adjuncts.] 

Sputum. — Under  normal  circumstances,  some  mucus — mixed  with  a  little 
saliva — may  l>e  coughed  up  from  the  back  of  the  throat.  In  catarrhal  conditions 
of  the  respiratory  mucous  membrane,  the  sputum  is  greatly  increased  in  amount, 
and  is  often  mixed  with  other  characteristic  products.  Microscopically,  sputum 
contains — 

I.  Epithelial  Cells,  chiefly  squames  from  the  mouth  and  pharynx  (Fig.  149) 
more  rarely  alveolar  epithelium  and  ciliated  epithelium  (7)  from  the  rcspiraici 
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Rgcs.     They  are  often  altered  owing  to  maceration  or  other  changes. 
some  cells  may  have  lost  their  cilia  (6). 

Tlie  epithelium  of  the  alveoli  (2)  is  squamous  epithelium,  ihe  cells  being  two  (0  four  timea 
the  btcaiiih  of  a  culurlcsLs  hlcxHl  corpuscle.  'I'licsc  ctlU  occur  ciiictly  in  ihc  mortiin;;  5|iutunn  in 
inttividuals  over  30  year<(  of  age.  In  younger  lemons  tlieir  preMnce  indicates  a  pathological  con- 
diiion  of  ihc  pulmonary  parencliyoia. 

They  often  untlcrgo  fatty  degeneration,  and  they  may  contain  pigment  granules  (j) ;  or  they  may 
prescni  ihe  appearance  of  what  Buhl  has  called  "  myelin  J^j^enfrateJ  ceitt"  i.  c,  cells  filled  with 
clear  refractive  drops  of  various  si^eii,  ttome  cuIofIckk,  olherK  with  colored  particles,  the  latter  liavini; 
been  absorbed  (4).     Mucin  in  Ibe  form  of  myelin  drops  (5}  is  always  present  in  sputum. 

s.  Lymphoid  cells  (9)  are  colorless  blood  corpuscles  which  have  wandered 
out  of  the  blood  vessels;  they  are  inost  numerou::  in  yellow  sputum,  and  less 
numerous  in  the  clear,  mucus-like  excretion.  The  lympli  cells  often  present  altera- 
tions in  Iheir  characters;  they  may  be  shriveled  up,  fatty,  or  present  a  granular 
appearance. 

The  fluid  substance  of  the  sputum  contains  much  mucus,  arising  from  the 
mucous  glands  and  goblet  cells,  together  with  nuclein,  and  lecithin,  and  the  con- 
stituents of  saliva,  according  to  the  amount  of  the  latter  mixed  with  the  secretion. 
Ai^umin  occurs  only  during  the  inflanimaiion  of  the  re.spiratory  passages,  and  its 
amount  increases  with  the  degree  of  inflammation.  Urea  has  been  found  in  cases 
of  nephritis. 

In  cases  of  catarrh,  the  .sputum  is  at  first  usually  sticky  ond  clear  (sputa  cruda),  but  later  it 
becomes  more  6rm  and  yellow  (^puia  cocta).  Under  pathological  conditions,  there  may  be 
Innd  in  the  sputum — (<i)  ted  blood  corpuscles  fiom  rupture  of  a  bloo<,l  vessel.  {l>)  Elastic 
fibre*  (10)  from  disintcy ration  of  the  alveoli  of  the  lung;  usually  the  bundles  are  fine,  curved,  and 
the  I'lltfes  hranched.  [In  certain  cases  it  is  well  to  add  a  aoluiion  of  caustic  potash,  which  dissolves 
oiow  of  the  other  elemenls,  leaving  the  elastic  fibres  untouched.]  Their  presence  alwHvs  indicates 
dtumction  of  Iha  lung  tiftsue.  {c)  Colorless  plu[;s  of  fibrin  ([  I),  casts  of  the  smaller  or  larger 
btunehi,  occur  in  some  cases  of  iibrinous  exudation  into  the  Rner  air  pas&ages.  (</)  Crystals  of 
nikms  kinds — crystals  of  fatty  achix  in  bundles  of  fine  needles  ( Fig.  149,  <7 1.  They  indicate  great 
iteoomposition  of  the  sls^nant  secretion.  Leucln  and  tyrosui  crystals  are  rare  \\  261)).  Tyiosin 
occurs  in  cxmsidcrable  amount  when  an  old  abscess  breaks  into  the  lungs.  Colorless, sharp  pointed, 
Doagonal  or  rhombic  plates — Charcot's  crystals  (()— have  been  found  in  the  expectoration  in 
Mhnia,  and  exudative  afiections  of  the  bronchi.  Haematoidin  [h)  and  cholesterin  crystals  [d) 
occur  much  more  rarely. 

Fuagi  and  other  lowly  organisms  are  taken  in  during  insplratian  {\  136).     The  threads  of 

X.cpiothrix  buccalii  (12),  detachcrl  from  the  teeth,  are  frequently  found  \\  I47).     Mycelium  and 

sp<»[c»  are  found  in  ihrut^h  (OI<iium  albicans),  especially  in  the  mouths  of  sucking  infants.     In 

CHLAiHidaroos  exj^ectoralion  tnd>sh:ipcd  Tmcleria   arc   prc^tcnl.      In   pulmonary  gangrene  are   found 

B>onads.  and  cercomona<U:  in  pulmonary  phthisis  the  tubercle  bacillus;  very  rarely  sarcina,  which, 

■wevef,  IS  often  found  in  gastric  cala'rb  in  the  stomach  and  also  in  the  urine  \\  270). 

X*hysical  Characters. — Sputum,  with  reference  to  its  physical  character!',  is  described  as  rnucoui, 

{f'furHiettt,  or  purulent. 

.AbnormBl  coloration  of  the  sputum — red  from  blood ;  when  the  blood  remainR  long  in  the  lung 
tt  «iiiiletgoe»  a  regular  series  of  changes,  and  tinges  the  sputum  dark  red,  bluish  brown,  brownish 
r^l  tj^.dceji  yellow,  yellowiili  green,  or  grass  green.  The  sputum  is  sometimes  yellow  in  jaundice. 
T~fcx«  jpuiuro  may  be  tinged  by  what  is  ins])ircd  fas  in  the  case  of  the  "black  spit"  of  miners]. 

The  odor  of  the  sputum  is  more  or  less  unpleasant.  It  Incomes  very  disagreeable  when  it  has 
r«£^B9ruiiied  long  in  [^lathological  lung  cavities,  and  it  is  stinking  in  gangrene  of  the  Itmg, 

1139.  ACTION   OF  THE   ATMOSPHERIC    PRESSURE.— At  the 
ffconaal  pressure  of  the  atmosphere  (height  ot  the  baroirvcicr,  760  millimetres  Hg), 
V»*'<»ure  is  exerted  ujwn  the  eniirt;  surface  of  the  body  :=  15,000  to  20,000  kilos., 
atccording  to  the  extent  of  the  superficial  area.     This  pressure  acts  equally  on  all 
sides  upon  the  body,  and  also  occurs  in  all  inUrnat  cavitiei  itmtaining  air^  both 
ihcttcihat  are  constantly  filled  with  air  (the  respiratory  passages  and  the  spaces  in 
*^e superior  maxtllary,  frontal,  and  ethmoid  bones),  and  those  that  are  temporarily 
*^  tjircct  communication  with  the  outer  air  (the  digestive  tract  and  tympanum). 
L^>  iht  fluids  of  the  body  (blood,  lymph,  secretions,  parenchymatous  juicesj  arc 
liiicxically  incompressible,  their  volume  remains  unchanged  under  the  pressiue ; 
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but  ihty  absorb  gases  from  the  air  corresponding  to  the  prevailing  pressure  (/'.  ^., 
the  partial  pressure  of  the  individual  gases),  and  according  to  their  temi>eralurc 
(§  33).  The  solids  consist  of  elenienlary  parls  (cells  and  fibres),  each  of  which 
presents  only  a  microscopic  surface  10  the  pressure,  so  that  for  each  cell  the  pre- 
vailing pressure  of  the  air  can  only  be  calculated  at  a  few  millimetres — a  pressure 
under  which  the  most  delicate  histological  tissues  undergo  development.  As  an 
example  of  the  action  of  the  pressure  of  the  atmospheric  pressure  upon  large  masses, 
take  ihat  brought  about  by  the  adhesion  of  the  smooth,  sticky,  moist,  articular 
surfaces  of  the  shoulder  and  hip  joints;  the  arm  and  the  leg  are  supported  without 
the  action  of  muscles.  The  thigh  bone  remains  i  n  its  socket  after  section  of  all  the 
muscles  and  its  capsule.  Kven  when  the  cotyloid  cavity  is  perforated,  the  head 
of  the  femur  does  not  fall  out  of  its  socket.  The  ordinary  barometric  variations 
affect  the  respiration — a  rise  of  the  barometric  pressure  excites,  while  a  fall  dimin- 
ishes, the  respirations.     The  absolute  amount  of  CO,  remains  the  same  (§  137,  8). 

Great  diminution  of  the  atmospheric  pressure,  such  as  occurs  in  ballooning  (highe<it  luceni, 
S600  mcirc:i).  or  in  ascending  tnouiiiflini^.  ctuses  a  series  of  charncierisiic  phenomena  :  (i)  In  con. 
sequence  of  the  diminuliuii  uf  tlic  pressure  upon  the  yaxis  directly  in  contact  with  the  air,  they 
Uccotnc  greatly  congeMed.  hence  there  is  rcdnefts  and  swelling  of  the  sltin  and  free  mucous  mem- 
branes; there  may  be  hemorrha^jc  from  Ihc  nose,  lungs,  gums;  largidily  of  the  cutaneous  vein*; 
copious  secretion  of  sweat;  great  secretion  of  mucus.  (2)  A  feehng  of  weight  in  the  Iiml»,  a 
prev-tii)^  outward  of  the  tyuipaiHC  mcmljrane  (until  the  tension  is  cqtiililiratcd  by  o[icni»g  the 
Eustachian  tul>c}.  and  as  a  ci>nse(|tiencc  noUcs  in  the  can  and  dIfficuUy  of  hearing.  (3)  In  conse- 
quence of  the  diminished  tension  of  the  O  in  the  air  (J  129),  there  is  difliculty  of  brcaihing,  pain  in 
the  chest,  whereby  the  respirations  (and  pulse)  become  more  rapid,  deeper,  and  irregular.  When 
the  atmospheric  presf  ure  is  diminished  %-y^,  the  amount  of  O  in  the  blood  is  diminished,  the  CO, 
is  impcrk-cily  removed  from  the  blood,  and  ui  consequence  there  is  diminished  oxidation  within  the 
body.  When  the  atmaspheric  pressure  is  diminished  to  one-half,  the  amnunt  of  CO*  in  arteril] 
blood  is  lessened ;  and  the  amount  of  N  diminishes  proportionally  with  the  dccreaic  of  the  atnw*- 
phcric  pressure.  The  dirainifhed  tension  of  the  air  prevents  ibe  vibrations  of  the  vocal  cords  frDm 
occurring  so  forcibly,  and  hence  the  voice  is  feeble.  ^4)  In  conwnuencc  of  the  amount  of  blood  in 
the  bUui,  the  interna)  organs  are  relatively  anxniic;  hence,  there  ii(  diminished  .secretion  of  urine, 
muscular  weakness,  disturbances  of  digestion,  dullness  of  the  senses, and  it  mar  be  unconsciousness, 
and  all  these  phenomena  are  intensified  by  the  conditions  mentioned  under  (3).  Some  of  these 
phenomena  are  mmiified  by  usage.  The  highest  limit  .it  which  a  man  may  still  retain  his  senses  if 
placed  by  Tissandier  at  ao  elevation  of  8000  metres  (2S0  mm.  Hg).  In  dug!>  the  blood  pfcssure 
falls,  and  the  pulse  becomes  small  and  diminished  in  frequency,  when  the  atmospheric  pressure  falls 
to  200  mm.  IJg. 

Those  who  live  upon  high  mountains  suffer  from  a  disease  "mal  de  montagne."  which  consists 
essentially  in  the  ahove  symjitoms,  although  it  is  sometimes  complicated  u  iih  smvmia  of  the  internal 
organs.  Al.  v.  Humboldt  found  thai  in  those  who  lived  on  the  Andes  the  thorax  was  capacious. 
At  6000  to  8000  feet  above  sea  levvl,  water  cont.tin!i  only  one-third  of  the  absorbed  gat^es  sn  ibat 
B>hcs  cannot  live  in  it.  Animals  may  \k  subjected  to  a  further  diminution  of  the  atmospheric 
pressure  l>y  Iwing  placed  under  the  receiver  of  an  air  pump.  Birds  die  when  the  pressure  is  reduced 
10  120  mm.  llg;  inammaU  at  40  mm.  Hg:  frogs  endure  repeated  evacuaiiuns  of  ibe  receiver, 
whereby  they  are  much  diMeiitlcil,  a»ving  to  the  escape  of  gases  and  water,  but  after  the  entrance  of 
air  lliey  become  greatly  compressed.  The  cause  of  death  in  mammals  is  ascribed  by  Hop[je-SeyIer 
to  the  evolution  of  bubbles  of  gas  in  the  blood;  these  bubbles  slop  up  the  capilUrics,  and  the  cirtu- 
latif.n  is  arrested.  Loeai  tiiminuiion  of  the  tUmosf>heric  pressure  cause*  marked  congestion  and 
swelling  of  (he  [lart.  as  occurs  when  a  cupping  glass  is  used. 

Qreat  increase  of  the  atmospheric  pressure  causes  phenomena,  for  the  most  part,  the  reverie 
of  the  foregoing, as  in  pDCumaitc  cabinets  and  in  diving  bells,  where  men  may  work  even  under  45^ 
atmospheres  pressure.  ( 1 }  Paleness  and  dryness  of  the  external  surfaces,  collapse  of  the  cutaneous 
veins,  diniinuiion  of  perspiration,  and  mucous  secretions.  (2)  The  tympanic  membrane  is  pressed 
inw&rd  (until  the  air  escapes  through  the  Eustachian  lube,  after  causing  a  shnrp  sound),  scuie  sounds 
ore  heard,  pain  in  the  ears,  and  difScultyof  bearing.  (3)  A  feeling  of  lightness  and  freshness  during^ 
respiration,  the  respiration  becomes  i-lovicr  iby  3-4  \>ci  minute),  inspiration  easier  and  sborler, 
expirntiun  lengthened,  the  pause  distinct.  The  capacity  of  the  lungs  increases,  owing  to  (he  freer 
movement  of  the  diaphragm,  in  consequence  of  ihe  diminution  of  the  intestinal  gases.  Owing  10 
the  more  rapid  oxidations  in  the  lx>dy,  muscular  moyemeot  is  easier  and  more  active.  The  O 
ab5orI>c<l  and  the  COj  excreted  arc  increased.  The  \enous  blood  is  reddened.  ('4I  Difjiculty  of 
speaking,  alteration  uf  (he  tone  of  Ihc  vnice,  inability  to  whittle.  (5)  Increase  of  the  urinary 
secretion,  more  muscular  energy,  more  rapid  meubohsm.  increased  appetite,  mbjcctive  feeling  of 
warnub,  pulse  beats  slower,  and  pulse  curve  is  lower  (compare  \  74).     In  animals  subjected  10 
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c^ccssitely  high  BtrnDspheric  prcMure,  P.  Bert  found  that  the  arterial  blood  contained  30  vols,  per 
cent  O  (at  jfe  mm.  Ilg);  when  the  amount  ro»c  to  35  vo!.  per  cent.,  death  occurred  with  convul- 
nons.  Comprcaacd  air  has  been  used  for  therapeutical  purposes,  but  in  doing  so  a  too  rapid  increase 
of  the  pressure  is  to  be  avoided.  Waldenburg  has  constructed  such  an  apparatus,  winch  may  be 
asffl  for  (he  respiration  of  air  under  a  greater  or  less  pressure. 

Progs,  when  pbiceii  in  compressed  O  (at  14  atmoKphcrcs),  exhibit  the  same  phenomena  as  if 
they  wtrc  in  a  vacuum,  or  puie  N.  There  is  i»ttralysis  of  the  central  nervous  system,  W)meliinca 
precrdcH  bv  convulsions.  The  heart  ceases  to  beat  (not  the  lymph  heans),  while  the  exciiahihty 
o^  the  motor  nerves  is  lost  at  the  same  time,  and  lastly  the  direct  muscular  excitability  disappeara. 
An  excised  frog's  heart  placed  in  O  under  a  very  high  pressure  (13  atmosphrres).  scarcely  beats 
eoe-fourth  uf  the  time  dunn^  which  it  pulsates  in  air,  If  the  heart  l>e  exposed  to  the  air  again,  it 
bc|[ia»  to  licat,  M>  thai  compressed  O  rendera  the  vitality  uf  the  heart  latent  before  abolishing  it. 

I'hospburus  retains  its  lumino^ly  under  a  ht{;h  pressure  in  U,  but  this  is  not  the  case  with  the 
luminous  organisms,  e-  g.,  I^mpyris,  and  luminous  bacteria.  High  atmospheric  pressure  is  also 
injurious  to  plants. 

140.  COMPARATIVE  AND  HISTORICAL.— Mammals  have  Inngs  simdar  to  those  of 
man.  The  lungs  *j\  birds  arc  spongy,  and  united  10  the  clic!>t  wall,  whik  there  arc  openings  on 
their  surface  communicating  with  ihin-wallcd  "  air-sacs,"  which  are  placed  among  ihc  viscera. 
'llie  air  sacs  cumrnunicaie  with  cavities  in  the  Iwne^^,  which  give  the  latter  great  lightness.  The 
diaphragm  is  absent.  In  reptiles  t)ie  lungs  are  divided  into  greater  and  smaller  compartments; 
tn  snakc5  one  lung  is  abortive,  while  the  other  has  the  elongated  form  of  the  body.  The  amphi- 
bians (frog)  p>isseu  two  simple  lungs,  e:ich  of  which  represents  an  enorm4)us  inrundibuluin  with 
its  alveoli.  The  frog  pumps  air  into  iU  luugn  by  the  contraction  of  its  throat,  the  nostrils  being 
closed  and  the  glottis  o|>ened.  When  young — until  their  metamorphosis — frogs  breathe  liUe  fishes 
hy  me«ns  of  gilts.  The  [terennibranchiale  amphihians  fProleu*')  retain  their  gitls  throughout  life. 
Among  fisbes,  which  breathe  by  gills  and  use  llie  O  absorbed  by  the  water,  the  Dipnoi  have  in 
addition  to  gilU  a  swim  bladder  provided  with  afTercnt  and  e^crcni  vcfseU,  which  ia  comparable 
|4>lhe  lung.  Ttie  Cobitis  respires  also  with  it.s  intestine.  Insects  and  centipedes  respire  by 
"trachene,"  which  are  branched  canals  distributed  throughout  the  Iwdy  ;  they  open  on  the  surface 
of  the  l»ody  by  openings  (stigmata)  which  can  be  ciowd.  Spiders  respire  by  means  of  trachea;  and 
irachcal  sac^.  crabs  by  gills.  The  inolluski  and  cephalopods  have  gills;  som:  gasteropods  have 
plls  and  others  lungs.  Among  the  lower  invertebrata  some  breathe  by  gills,  others  by  means  of  a 
»j>ecial  "  water  vascular  system,"  and  other,  again  by  no  special  organs. 

Historical. — Aristotle  (3S4  u.c.)  regarded  the  object  of  respiration  lo  be  the  cooling  of  the 
)>ody.  so  05  10  moderate  the  internal  warmth,  lie  observed  coiTccily  that  the  warmest  animals 
Lreaibc  roost  actively,  but  in  interprcling  the  fact  he  reversed  the  cause  and  efTcct.  Galen 
(131*203  A.I>.)  thought  that  the  "soot"  was  removed  from  the  body  along  with  the  expired 
water.  The  most  important  exjieriments  en  the  mechanics  of  respiration  date  from  (ialen;  he 
ottfctved  that  the  lungs  passively  follow  the  movements  of  the  chest;  that  the  diaphragm  is  the 
mrnl  important  muscle  of  in^puation;  that  the  external  iniercusials  are  inspiratory;  and  the 
internal,  expiratory.  He  divided  the  intercostal  nerves  and  muscles,  and  olweived  that  loss  of 
voice  occurred.  Un  dividing  the  spinal  cord  higher  and  higher,  he  found  that  as  he  did  so  the 
muscles  of  the  thorax  lying  higher  up  became  paralyzed.  Oribssius  (360  A.n.)  observed  that  in 
double  fioeumothorax  U>th  lungs  collapsed.  Vcsalius  {1540)  first  described  artificial  respiration 
as  a  means  of  restoring  the  b«iC  of  the  heart.  Malpighi  (1661)  dcsciibcd  the  structure  of  the 
lunps.  J.  A.  Borelli  (f  1679}  gave  the  hrst  (undamenlal  description  of  the  mechanism  of  the 
respiratory  movements.  The  chemical  processes  of  respiration  could  only  be  known  after  the 
discovery  of  the  individual  gases  therein  concerned.  Van  Ilelmont  {f  1644)  detected  CO,. 
[Joseph  Black  (17571  discovered  that  COj,  or  •' hxed  air,"  is  given  out  during  expiration.]  In 
1774  I'ricMley  discovered  O.  l^voisier  detected  N  (1775).  and  a&cerlained  the  composition  of 
aimrispheric  air,  and  he  regarded  the  forniation  of  CO,  and  Il^O  of  the  breath  as  a  result  of  a  com* 
tntslion  within  the  lungs  themselves.  J.  Ingen-Hnuss  (1730-1799)  discovered  the  respiration  of 
plants.  Vogel  and  others  proved  the  existence  of  CO,  in  venoui  blixni,  and  Iloffmann  and  others 
that  of  O  in  arterial  biood.  The  inure  complete  conception  of  the  exchange  of  gases  was,  how- 
ever, only  possible  after  ,\lai;nus  had  extracted  and  nnalyicd  the  gases  of  arterial  and  venous 
Mood  ({36}. 
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141.  THE  MOUTH  AND  ITS  GLANDS.— The  mucous  membrane  of  the  cavity 
ihe  mouth,  which  becomes  cootinuous  with  ihc  skin  at  the  red  mar^jin  of  the  lips,  has  a  number  1 
sebaceous  glands  m  the  re[;ion  of  the  red  part  of  the  1i]).    The  buccal  mucous  mcmlTanc  consts 
of  bundles  of  line   fibrous  (issue  mixed  with  elastic   fibres,  which   traverse   it   in   every  direcDon.! 
Papillae — simple  or  compound — occur  near  the  free  Kurfaces.     The  submucous  tissue,  uhich] 
is  directly  continuous  with  the  tibrous  tissue  of  the  mucous  membrane  ilsclf,  is  thickest  where  thi 
macous  mcmlirane  h  thickest,  and  dciiscsi  where  it  is  firmly  hied  to  the  periosteum  of  the  bonfl 
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and  to  the  gum ;  it  is  thinnest  where  the  muooas  membrane  is  most  movable,  and  where  there  art 
most  folds.  The  cavity  of  the  mouth  is  lined  by  stratified  squamous  epithelium  (Fig.  t^\ 
which  is  thickest,  as  a  rule,  where  the  longest  papilln;  occur. 

All   Ihe  glands  of  the  mouth,  incltiding   the  salivary  glands^  may  be  divided 
into  diflferent  classes,  accordinp  to  the  nature  of  their  secretions. 

1.  The  serous  or  albuminous   glands  [true  salivaiy],  whose  secretion 
containsa  cerlain  amount  ufalbumin,  e.  ^.,  the  human  parotid. 

2.  The  mucous  glands,  whose  secretion,  in  addition  to  some  albumin*  con- 
tains the  characteristic  constituent  mucin. 

3.  The  mixed  [or  muco-salivary]  glands,  some  of  the  acini  secreting  an 
albuminous  fluid  and  others  mucin,  <r.  ^.,  the  human  maxillary  gland. 

Numerous  mucous  glands  fbibial,  buccal,  palatine,  lingual,  molar)  have  the  appearsuce  uCl 
small  mocroscnpic  bodies  lying  in  the  ••ub-mucosa.     They  are  branched  tubular  glands,  and 
the  contents  of  their  secretory  cells  consist  partly  of  mucin,  which  is  cxptrllcd  from  ihem  liuhng 
secrrtiun.     The   excretory  ducts  of  iheie  glands,  which    are   lined  by  cyhndrical    epithelium,  irej 
coruJricted  where  they  enter  the   moulh.     Not   unfrcfjuently  one   duct  receives  the  secretion  of  1 
nciphljoring  gland. 

The  glands  of  the  tongue  form  two  groups,  which  differ  morpbolugicflily  and  physiotogicallfJ 
(1)  The  mucous  glands  iiVriKr^s  glands),  occuiring  chiefly  near  the  ruot  of  the  tongve* 
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bruxhcd  tubular  glands  lined  with  clear,  iransparCDt,  secretory  celU  whose  nuclei  are  placed  near 
the  attached  end  of  the  celLs.  The  ncini  have  a  distinct  mcmhrana  propria.  (2)  The  serous  glands 
{-/£^Her's)  sre  acinous  glands  occurrtnf;  in  the  ri.>gion  of  the  circum  vail  ate  papilln;  (and  in  ariinuU 
neir  the  papilln*  foliatx).  They  are  lined  with  turbid  granular  epithelium  with  a  central  nucleus, 
and  secrete  wliva.  (3)  The  glands  of  lilandin  and  Nuhn  are  placed  near  the  tip  of  the  tongue, 
and  consi&t  of  toucous  and  acruutt  acini,  %o  thai  they  arc  mixed  glands  {Peiiwisoti/iy). 

The  blood  vessels  are  moderately  abundant,  and  the  Ini^er  trunks  lie  in  the  suUmucosa,  while 
the  ttner  twigs  penetrate  into  the  papillae,  where  they  form  either  a  capillary  network  or  simple 
loopa. 

The  larger  lymphatics  lie  in  the  sub- mucosa,  while  (be  finer  branches  form  a  Bnc  network 
placcil  in  the  mucofta.  The  lymph  follicles  also  belong  to  the  lymphatic  system  (§  197).  On 
the  dorsum  of  the  poalenor  part  of  the  (on^e  they  form  an  almost  continuous  layer.  They  are 
rannd  or  oval  (l-i-5  mm.  in  diameter),  lying  in  the  sub. mucosa,  and  consist  of  adenoid  tiuue 
loaded  with  lymph  corpuscle!^.  The  onter  part  of  the  adenoid  reticulum  is  compressed  so  as  to 
(brni  a  kind  of  capsule  for  each  follicle.  Similar  follicles  occur  in  the  inicftinc  as  aolitary  follicle*; 
ID  the  small  intestine  they  are  collccte<!  together  into  Peycr's  patches,  and  in  the  spleen  they  occur 
as  Malpightan  corpuscles.  On  the  dorsum  of  the  tongue  several  of  these  follicles  form  a  slightly 
oral  elevation,  which  is  surrounded  by  connective  tissue.  In  the  centre  of  this  elevation  there  is  a 
dcpresMon.  into  which  a  mucous  gland  opens,  which  fills  the  small  crater  with  mucus  (Fig.  T51). 

The  tonsils  have  fundamentally  the  same  structure.  On  their  surface  are  a  number  of  depres- 
sions into  which  the  ducts  of  small  mucous  glanils  open.  These  deprcssiuns  are  sum.'unded  by 
groupt  (10-20)  of  lymph  follicles,  and  the  whole  is  environed  by  a  capsule  of  connective  tissue 
(Fig.  f 53).  Large  lymph  spaces,  communicating  with  lymphatics,  occur  in  the  neighborhood  of 
the  tonaiU,  but  as  yet  a  direct  connection  between  the  spaces  in  the  follicles  and  the  lymph  v«i»eU 
hu  not  been  proved  to  exist.  Similar  structures  occur  in  the  tubal  and  pharyngeal  tonsils. 
[SiOhr  aasens  that  an  enormous  number  of  leucocytes  wander  out  of  tlie  ton?ils,  solitary  and  I'cycr's 
{lands,  ami  the  adenoid  tissue  of  the  bronchial  mucous  membrane.  The  cells  pass  out  between  the 
cfuthelial  cells,  but  do  not  pass  into  the  interior  of  the  latter.] 

Nerves. — Numerous  mtJuUated  nerve  fibres  occur  in  the  suh-mucosa,  pass  into  the  mucosa,  arkd 
lermiuate  partly  in  the  individual  papilliL-  in  Krausc's  end  bulbs,  wt^tch  arc  most  abundant  in  the 
lipfi  and  soft  palate,  and  not  so  numerous  in  the  cheeks  anti  floor  of  the  mouth.  The  nerves 
administer  not  only  to  common  sensation,  but  they  are  also  the  organs  of  iransmiasion  for  tactile 
(heat  and  pressure)  tm- 
preauona.      It   is   highly  Fk;.  15a, 

probable,  however,   that  ■ 

some  ner\-e  fibres  end  in 
fine  terminal  librits,  be- 
tween the  epithelial  cells, 
as  in  the  cornea  and  eUe- 
wHere. 

[  Secretory  glands 
may  Ijc  simple  {Fig.  153, 
B,  C,  D)  or  compound 
|E).  In  the  latter  cose 
ihc  duct  is  branched.  In 
the  process  of  develop- 
ment, a  solid  process  <if 
the  epithelium  sinks  into 
the  subjacent  fibroas  ti«- 
•ac,a»d,lo  form  a  simple 
gland,  a  cavity  ap[)eani  in 
this  bud,  but  for  a  com- 
]j<Kind  gland,  other  epi- 
thelial tjuds  sprout  from 
its  hliml  end.  Each  Inid 
ac<)atres  a  Central  cavity, 
ib^e  elongate  and  in- 
crease in  number,  thu« 
forming  a  much  br3nche<l 
system,  the  terminal  blind 
ends  fomiint*  the  acini, 
alveoli  or  true  secretory  parL 
tnlmlar  gland. 
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leucocyiCA  twtow  and  on  tli«  left,  but  (roc  oil  mc  iii^mi  :  j.  .tdcDc^d  tikiuc  vi-ith  MC- 
tiom  •!,  ^,  c,  of  mituc*  of  it ;  \,  filirous  >he.Mh  ;  3,  tectivii  of  a  glund  duvt ;  d, 
blontl  veucl. 


If  the  alveoli  are  tubular  in  shape,  the  gland  is  called  a  compound 
Thus  in  the  compound  glands  some  parts  aie  secrelnry,  and  others  act  as  ducts, 
while  in  the  simple  glands,  all  the  parts  may  be  secretory.  All  the  glands  opening  on  the  surface 
of  the  toly  are  of  epiUastic  origin,  ^'he  secretory  cells  lining  the  acini  rest  on  a  basement  mem- 
tnnc,  and  ouuide  this  are  the  lymph  spaces  and  capillary  blood  vesseht^J 
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14a.  THE  SALIVARY  GLANDS.— The  three  pain  of  salivary  glands,  lub-maxiUary. 
sublingual,  ami  parotid,  are  cutn[>oiiiul  luUular  glands.  Fig.  155,  A,  shows  a  Bne  duel,  lertni- 
nslini;  in  the  more  or  less  Ka^k  shaf>ei]  alveoli  or  acini.  [  Kach  (inland  consists  of  a  numlrcr  <.>f  lobes. 
and  each  lobe  in  turn  of  a  numl>er  of  lobules,  which,  acain,  are  composed  of  acini.  All  ihe^  are 
held  lopetlicr  by  a  framework  of  connective  tis-iuc.  The  Ur^cr  brandies  of  ihc  duel  lie  between 
the  lubules,  and  constitute  the  interlobular  duels,  giving  branches  to  each  lobule  which  lUey  enter. 
ConMituting  the  intralobular  ducts,  wliicli  branch  and  tinally  lerminaie  in  connection  with  the 
alveoli,  by  mean&  of  an  intermediary  or  intercalary  p.irt.  The  larger  interlnbar  and  intetlobntar 
ducts  contfist  of  a  membrana  propria,  strengrhened  outNde  with  fihruus  and  elastic  lluue,  and  in 
some  places  also  by  n on  striped  muscle,  while  the  ducts  are  lined  by  columnar  epithelial  cells.  In 
the  largest  branches,  there  is  a  Mxond  row  of  smaller  celb,  tying  beln-een  the  large  cells  antl  the 
raembrana  propria}.     'I'he  intralobular  duots  are  lined  by  a  single   layer  of  large  cylindncal 

epithelium  Miih  the  nucleus  about  the 
middle  of  the  cell,  while  the  outer  half 
of  the  cell  is  finely  Mriatcd  loogiiadi- 
nally,  or  "redded,"  which  is  dne  to 
fihrilLe  (Fig.  154) ;  the  inner  half  next 
the  lutnen  is  granular.  The  interme- 
diary pan  is  narrow,  and  is  lined  liy  ■ 
5ingle  layer  of  flattened  cells,  each  with 
an  elongated  oval  nucleus.  1'here  is 
usually  a  narmw  "  neck,"  where  tbe 
intralobular  duct  becomes  continuous 
with  the  intermediary  part,  and  here  ihc 
cells  are  polyhedral.] 
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A.  duct  and  acini  of  the  parotid  glnnd  of  a  dug :  B,  acini  ol  llic  tiiVanxilUry  glaml  of  a  dor;  t,  refraciive  oiuoaw 
c«l1*  :  d.  gr.-inul4r  hjU-mooiit  of  Oianuui ;  C,  ittiiilar  alrcoti  uncr  prulungnl  Kcnlkin ;  D,  bMkn-*hapcd  llMM 
Invntmeiit  or  an  acinus  :   F,  entrance  dI*  a  no't-nicdulljitetl  nerve  lilxc  into  a  secretory  cell, 

The  acini,  or  alveoli,  arc  the  parts  where  the  actual  process  of  secretion  takes  place.    They 
vary  somewhat  in  shape — Bome  are  tnbular,  olhera  branched,  tone  are  dilated  and  re*eroble  a 


THE  STRUCTURE  OF  THE   SALIVARY   GLANDS. 


253 


Florence  do^k,  and  several  of  ihem  nranlly  open  inlo  one  intermediary  pari  of  a.  durt.  E»ch 
«1vc<>lu5  is  boundeil  by  a  ba^cnienl  oicinbrane,  with  n  rcticulaic  simcutrc  made  up  of  nucleated, 
braitchi,-*!,  and  aiuit't(>m"6in^;  ceils  so  at*  to  reseinl'lc  a  basket  (D).  There  ih  a  lioniugcncoui  membrane 
boumJing  the  aUeob  in  addition  to  this  basket  shapctl  slriicture.  Immedi.itely  ouistdc  this  mem. 
brsne  m  a  lymph  spate,  and  outside  this  ayain  the  network  of  capillaries  i«  distributed.  [The 
extent  In  which  this  lymph  spoce  ts  filled  with  lymph  determines  the  distance  of  the  capdlarics  from 
the  racmbnina  propiia.  The  inter -alveular  lymph  spaces  cammunicnte  wiih  larj^e  lymph  apacc3 
between  the  luhulcfi,  which  in  turn  cummunicaie  with  pvriva^<culs.r  lymphatics  around  the  atleries 
OJid  veinf.]     'I'he  lymphatics  emerge  from  the  gland  at  the  hilum. 

The  secretory  cells  vary  in  structure,  according  as  the  salivary  gland  is  a 
mucous  [sub-maxillary  and  sublingual  of  the  dog  and  cat],  a  serous  [(larotid 
qI'  roan  and  mammals,  and  sub-maxillary  of  rabbit],  or  mixed  gland  [human 
sub-maxillary  and  sublingua!]. 

Mucous  Acini. — The  secretory  cells  of  mucous  glands,  and  the  mucous  acini  of  mixed  [>lnnds 
(Fig.  1561,  are  lined  by  a  single  layer  of  ■'  mucin  cells  "  (Fig.  155,  U,  <■),  which  are  large  cclUdis- 
tended  » ilh  mucin.or  with  ahypdhetical  substance, 


Fir,.  156. 


^N 


!>    N 


f^  ^^ 


zmmlfs^Bs. 


l\ 


iv 


i 


mucigen,  which  yields  mucin,  'I  he  mucin  celts 
arc  mure  cr  leis  spheroidal  in  shape,  clear,  shining, 
highly  refractive,  and  nearly  fill  the  acmus.  'I  he 
flalicned  nacleu^i  is  near  the  wall  of  the  acitm<(. 
Hach  ceil  ha&  a  fme  process  which  nvcrlaps  the 
flKcd  part5  of  the  cell  next  to  it.  Owing  to  the 
tody  of  each  cell  being  iiiriltralcd  with  mucin, 
these  c«lls  do  not  stain  with  carmine,  although 
the  nucleus  and  its  immediately  investing  proto- 
plasm ilu.  Another  kind  of  cell  occurs  in  the 
fub'tnajiillary  gland  of  the  dog.  It  foims  a  half- 
moon  shaped  i/r«r/Mr^ lying  in  direct  contact  with 
the  wall  of  the  acinus  (OVaAUs:/).  Each"half- 
oooon  **  or  "crescent"  consists  of  a  numl^er 
of  small,  closrly  packed,  angular,  highly  albumin* 
ous  celU  with  »mall  oval  nuclei,  which,  however, 
are  sepaiated  only  with  difiiculiy.  Mence,  lici- 
denhain  has  called  them  "composite  margmsl 
cells  "  (B,  li).  They  are  granular,  darker,  ricvoicl 
of  mucin,  amd  slain  readily  with  pigment*.  [In 
the  suit- maxillary  gUnd  of  the  cat,  there  is  a  com- 
plete layer  of  these  "  marginal  "  carminestainittg 
<eUs  tying  between  the  mucous  cells  and  the 
ttKipbrara  propria.] 

[Serous  Acini. — In  true  serous  glands  (paro- 
tid uf  man  and  niammaU)  and  in  the  serous  acini 
of  mixed  gUnds,  the  acini  are  lined  by  a  single 
layer  of  >ecrciDry  columnar  tinely -granular  cells, 

vhidi  in  the  qaiesccni  condition  completely  hll  the  acinus,  so  that  scarcely  any  lumen  is  left.  Just 
befrirc  secieiian,  ur  when  iheiie  cells  arc  ({uiesccnl,  Ijingley  has  shown  ibat  they  are  large  and  BIted 
with  numerous  granule*),  which  obscure  the  presence  of  the  nucleus.  As  secretion  takes  place, 
ihete  granules  seem  to  be  used  up  or  discharged  into  the  lumea ;  at  least,  the  outer  part  of  each  cell 
gradually  becotccs  clear  and  more  transparent,  and  this  cotiditiou  spreads  toward  the  irmcr  part  uf 
the  cell.] 

[In  the  mixed  or  muco-salivary  glands  If.x'-,  human  sub-maxillary)  some  of  the  alveoli  ore 
macouK  and  others  serous  m  their  characters,  but  the  latter  arc  always  far  more  numerous,  anil  the 
one  kind  of  acinus  is  directly  continuous  with  the  others  (Fig.  156).] 

143.  HISTOLOGICAL  CHANGES  DURING  THE  ACTIVITY 
OF  THE  SALIVARY  GLANDS.— [The  condition  of  physiological  activity 
of  the  gland  cells  is  accompanied  by  changes  in  the  histological  characters  of  the 
secretory  cells.  Changes  in  serous  glands  have  been  carefully  sludied  in  the 
parotid  of  the  rabbit,  but  the  appearances  vary  somewhat,  according  as  the  glands 
arc  examined  in  the  Iresh  condition  or  after  hardening  in  various  reagents,  such  as 
absolute  alcohol.  When  the  gland  is  at  rest,  in  a  prefwration  hardened  in  alcohol, 
and^tained  with  carmine,  the  cells  consist  of  a  pale,  almost  uncolored  stibstance, 
with  a  few  fine  granules,  and  a  small,  irregular,   red-stained,  shriveled  nucleus 


Section  of  a  huiti»n  Mib-fn;ik  iltary  (IuimI  On  Ifce  left  is  A 
sroupof  Krau*  ilv«oli,anil  on  the  right  a  Broop  of 
mucouA  alveoli. 


254 


HISTOLOGICAL  CHANGES   IN   THE   SALIVARV   GLANDS. 


devoid  of  a  nnrleohis.  The  appearance  of  the  nucleus  suggests  the  idea  of  its 
being  shriveled  by  the  action  of  the  hardening  reagent  (Fig.  157).] 

[During  activity,  if  the  gland  be  caused  to  secrete  by  stimulating  the  sympa- 
thetic, all  parts  of  the  cells  undergo  a  chaufje  (Figs.  157,  15S).  In  prejxirations 
hardened  in  alcohol  {i)  the  cells  diminish  somewhat  in  size;  (2)  the  nuclei 
are  no  longer  irregular,  but  round,  with  a  sharp  contour  and  nucleoli  ;  (3)  the 
substance  of  the  cell  itself  is  turbid  owing  to  the  diminution  of  the  clear  substance, 
and  the  increase  of  the  granules,  especially  near  the  nuclei ;  (4)  at  the  same  tinnc, 
the  whole  cell  stains  more  deeply  with  carmine  {/Ieuifnhain).'\ 

[On  studying  the  changes  which  occur  in  a  living  serous  gland,  Langley 
found  that  the  substance  of  the  cells  of  the  parotid  is  pervaded  by  fine  granules, 
which  are  so  numerous  as  to  obscure  the  nucleus,  while  the  outlines  of  the  cells  are 
indistinct.  No  lumen  is  visible  in  the  acini  during  activity,  the  granules  disap- 
pear from  the  outer  zone  of  the  cells,  the  cells  themselves  becoming  smaller  and 
more  distinct.  After  prolonged  secretion  the  granules  largely  disappear  from  the 
cell  substance  except  quite  near  the  inner  margin.  The  cells  are  smaller,  their 
outlines  more  distinct,  their  spherical  nuclei  apjjarent,  and  the  lumen  of  the  acini 
is  wide  and  distinct.     Thus,  it   is  evident  that,  during  rest,  granules  are  raanu- 
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SeclioMof  m  "««rou«"  gUnd.    The  parotid  of  «  rabbit.  Fig.  157,  u  rest;    Fig.  158,  afwr  fttiinuUtioa  o(  ibc 

ccrvkil  >yinpuliatic. 


faclured,  which  disappear  during  the  activity  of  the  cells,  the  disappearance  taking 
place  from  without  inward.  Similar  changes  occur  in  the  cells  of  the  pancreas.] 
[More  complex  changes  occur  in  the  mucous  glands,  such  as  ihc  sub-maxillary 
or  orbital  glands  of  the  dog  {La7-dozisky).  The  ap|>caranccs  vary  according  to  the 
intensity  and  duration  of  the  secretory  activity.  The  mucous  cells  at  rest  are 
large,  clear,  and  refractive,  containg  a  flattened  nucleus  t,Fig.  155,  C),  surrounded 
with  a  small  amount  of  protoplasm,  and  placed  near  the  basement  membrane.  The 
clear  substance  docs  not  stain  with  carmine,  and  consists  of  mncigen  lying  in  the 
wide  spaces  of  an  intracellular  plexus  of  fibrils,  .\fter  prolonged  secretion, 
produced,  it  may  be,  by  strong  and  continued  stimulation  of  the  chorda,  the 
mucous  cells  of  the  sub-maxillary  gland  of  the  dog  undergo  a  great  change.] 
The  distended,  refractive,  and  "mucous  cells."  which  occur  in  the  quiescent 
gland,  and  which  do  not  stain  with  carmine,  do  not  api>ear  after  the  gland  has 
been  in  a  state  of  activity.  Their  place  is  taken  by  small,  dark,  protoplasmic 
cells  devoid  of  mucin  (Fig.  155,  C).  These  cells  readily  stain  with  carmine, 
while  their  nucleu.^  is  scarcely,  if  at  all,  colored  by  the  dye.  The  researches  of 
R.  Hcidcnhain  (1S68)  have  shed  much  light  on  the  secretory  activity  of  the 
salivary  glands. 
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Tbe  change  may  be  produced  {□  two  ways.  Either  it  is  due  to  the  "  raucous  celb'*  during 
ucrelion  becamint;  broken  up.  &o  lh.it  ihey  yield  iheir  mucin  directly  to  the  saliva;  in  saliva  rich 
io  mucin,  ^mall  micruMopic  pieces  uf  mucin  arc  fouu'l,  and  tometimes  mucous  cells  themselves  arc 
prrscDt.  Or,  we  must  assume  thnt  tlie  mucotis  crlU  simply  eliminate  the  mucin  from  their  hoiltcs 
yEwalJ,  StSir) ;  while,  after  u  period  of  rest,  ucw  mucin  is  furmeJ.  Accui<Jiii{>  to  this  view,  the 
dark  granuUr  cells  of  the  t>landii,  after  active  secretion,  are  simply  mucous  celU,  which  have  given 
out  their  mucin.  If  we  ossame,  with  lleidenhain,  thai  the  mucous  cells  break  up,  then  these 
granular  non>mucous  celU  mui»t  l>e  regarded  as  new  furmations  |>ruduced  by  (he  proliferation  and 
growth  of  the  composite  marginal  cells,  i.  r.,  the  crescents,  or  half-moons  of  GianuzH. 

[During  rest,  the  protoplasnn  seems  to  manufacture  mucigen,  which  is  changed 
into  and  discharged  as  mucin  in  the  secretion,  when  the  gland  is  actively  secreting. 
Thus,  the  cells  become  smaller,  but  the  protoplasm  of  the  cell  seems  to  increase, 
new  niucigen  is  manufactured  during  rest,  and  the  cycle  is  reiieated.] 

144.  THE  NERVES  OF  THE  SALIVARY  GLANDS.— The  nerves 

arc  for  the  most  part  mtdullated,  and  enitr  at  the  hilum  nf  the  gland,  where  they 
form  a  rich  plexus  provided  with  ganglia  between  the  lobules.  [There  are  no 
ganglia  in  the  parotid  gland  {KJeiit\,"\ 

All  the  silivary  glands  are  supplied  by  branches  from  two  different  nerves — from 
the  sympathetic  and  from  a  cranial  nerve. 

Fig.  159. 
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kHuill  Mtpcrntiii)  (tetiLn^il  iicrvc;   Vaf  .vagus,  Svm.,  lympattictlc  ;  <>  G.,  otic,  AUtl  S.  li.,  *uti.uiaxilUir)-  (angira; 
P., 5..  and  ^.  I...  parui<d,  kti)>-ntuiUTary,BiH)  nib)in|ual  glandt:  T  .tongue. 


I.  The  sympathetic  nerve  gives  branches  (a)  to  the  sub-maxillary  and  the 
sublingual  glands,  derived  from  the  plexus  on  the  external  maxillary  artery  ;  {d) 
to  the  parotid  gland  from  the  carotid  plexus  (Fig.  159J. 

a.  The  facial  ncire  gives  branches  to  the  sub-maxillary  and  sublingual  glands 
from  the  chorda  tympani.  which  accompanies  the  lingual  branch  of  the  fifth  nerve 
(Fig.  159).  The  branches  to  the  |>arotid  arise  from  the  tympanic  branch  of  the 
SloBSO-pharyngeal  nerve  ij^og).  The  tympanic  plexus  sends  fibres  to  the  small 
superficial  petrosal  nerve,  and  with  it  these  fibres  run  10  the  anterior  surface  of  the 
pyramid  in  the  tein[ioral  l>one,  emcri^ing  from  the  skull  through  a  fissure  between 
the  petrous  and  great  wing  of  the  sphenoid,  and  then  joining  the  otic  ganglion. 
This  ganglion  sends  branches  to  the  auriculo-iemporal  nerve  (itself  derived  from 
the  third  branch  of  the  trigeminus),  which,  as  it  passes  upward  tu  the  temporal 
region  under  cover  uf  the  i)aroiid,  gives  branches  to  this  gland. 

The  sub-maxillary  ganglion,  which  gives  branches  tu  the  submaxillary  and 
subltDgtial    glands,    receives  fibres   from    the    tymf>aniLO-lingual  nerve  (chorda 
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tympani)  as  well  as  sympathetic  fibres  from  the  plexus  on  the  external  maxillary 
artery. 

Termination  of  the  Nerve  Fibres. — With  regard  to  the  ultimate  distribution 
of  these  nerves  we  can  distinguish  (i)  the  vasomotor  nerves,  which  give 
branches  to  the  walls  of  the  blood  vessels,  and  (2)  the  secretory  nerves  proper. 

PflUger  ftUlcs.  with  regard  to  the  latlcr.  thnt  (a)  medttllatcd  nerve  ril>res  penetrate  the  acini :  ihe 
ibeath  of  Schuann  unites  utth  the  nietnlirann  propria  of  the  acinus;  the  meduUalcd  fiUtt — Mill 
medull.ite^l — pisses  bciween  the  secretory  cells,  where  it  divides  and  become*  non  medulUtM,  and 
'Hn  axial  cylinder  terminates  in  connection  with  the  nucleus  of  a  secretory  cell.  [.Thii>,  however,  a 
not  proved]  (Kig.  155,  F).  (S)  Acconiing  to  PflUj;er,  sortie  of  the  nerve  fibres  end  in  muliipiibr 
ganglion  cclh,  which  lie  oulside  the  wall  of  the  acinus,  and  these  cells  send  (tranches  to  the  secrctr-ry 
cells  of  the  acini.  [These  celU  probaljly  oirrespond  lo  the  branchcti  cells  of  the  ba4kel'Jii(<J 
ttruclure.]  (»■)  Again,  he  descriljes  medullafed  fibres  which  enter  the  attached  end  of  the  cylin- 
drical cpnhelmm  lining  the  excretory  ducts  nf  the  glands  (E).  Pfitlger  thinks  ihat  those  hhres 
entering;  ihc  acini  directly  are  cerebral,  while  those  with  yanglia  in  their  course  are  derived  from  the 
sympatiietic  system,  [(rf)  The  direct  terminaliou  of  nerve  Ubrcs  has  been  obftcrvcd  ia  the  salivary 
glands  of  the  cockroach  by  Kupffer.]  J 

145.  ACTION  OF  THE  NERVOUS  SYSTEM  ON  THE  SECRE-* 
TION  OF  SALIVA.— A.  Sub-maxillary  Gland.— Stimulation  of  the  facial 
nerve  at  its  origin  causes  a  profuse  secretion  of  a  thin,  watery  saliva,  which  con- 
tains a  very  small  amount  of  specific  constituents.  Simultaneously  with  the  act  of 
secretion,  the  blood  vessels  of  the  glands  dilate,  and  the  capillaries  are  so  distended 
that  the  pulsatile  movement  in  the  arteries  is  propagiited  into  Ihe  veins.  Nearly  four 
times  as  much  blood  flows  out  of  the  veins  (C/.  Bernard)^  the  blood  being  of  a 
bright  red  color,  and  containing  one-third  more  O  than  the  venous  blood  of  the 
non-stimulated  gland.  Notwithstanding  this  relatively  high  percentage  of  O,  the 
secreting  gland  uses  more  O  than  the  passive  gland  (§  131,  i). 

[I.  Stimulation  of  Chorda. — If  a  cannula  be  placed  in  Wharton's  duct, 
e.  A'.,  in  a  dog,  and  the  chorda  tympani  be  divided,  no  secretion  Hows  from  the 
cannula.  On  stimulating  x\\^  peripheral  end  0/  ihe  chorda  tympani  m\\\  ax\  inter- 
rupted current  of  electricity,  the  same  results — copious  secretion  of  saliva  and 
vascular  dilatation,  with  increased  flow  of  blood  through  the  gland — occur  as  when 
the  origin  of  the  seventh  nerve  itself  is  stimulated.  The  wratery  saliva  \%  called 
chorda  saliva.] 

Two  fimctionally  dtflerent  kinds  of  nerve  fibres  occur  in  the  facial  nerve — (i) 
true  secretory  fibres,  (2)  vaso  dilator  fibres. 

II.  Stimulation  of  the  sympathetic  nerve  causes  a  scanty  amount  of  a 
very  thick,  sticky,  mucous  secretion,  in  which  the  specific  salivary  constituents. 
mucin,  and  the  salivary  corpuscles  are  very  abundant.  The  specific  gravity  of  the 
saliva  is  raised  from  1007  to  loio.  Simultaneously  the  blood  vessels  become  con- 
tracted, so  that  the  blood  flows  more  slowly  from  the  veins,  and  has  a  dark  bluish 
color. 

The  sympathetic  also  contains /Wi?  kinds  of  nerve  fibres — fi)  true  secretory 
fibres,  and  (2)  vaso-constrictor  fibres. 

[Electrical  Variations  during  Secretion. — That  changes  in  the  electromotive  propertict  ot 
glanils  occur  during  secretion  was  shown  in  the  frog's  skin.  Uayliss  and  Uradford  tind  that  Ihe 
same  is  true  of  the  sub-m  a  miliary  glnn<[  (dog).  During  secretion,  the  excitatory  change  on 
itimulaiing  the  chorda  is  \  fKnitixn  variation  of  the  current  of  rest  (the  hiluinof  the  gland  l^eoiming 
more  poMtive),  tut  it  is  frequently  followed  by  a  second  phase  of  opposite  sign.  The  latent  {^>criod 
is  aUays  very  short,  about  0,37".  Alropin  abolishes  the  chorda  varialion.  On  Mimulatun;  the 
sympathetic,  the  exciialnry  cliange  is  of  an  opposite  sign  to  that  of  the  chorda,  and  the  hilum 
become*  less  positive,  so  that  ihcre  is  a  ufgnthe  vartaiion.  It  rc>iiiires  a  more  powerful  Mimulut,  \\ 
lc»s  in  amount,  and  its  latent  period  is  lougcr  (a"-4"),  while  atropln  lessen*  but  docs  not 
abolish  it.] 

Relation  to  Stimulus.— On  xtiroutating  the  r^^^ra/ nerves,  at  fint  whli  a  weak  and  gradaally 
with  a  stronger  mIiuuIus,  there  is  a  gradual  development  of  the  secretion  in  which  the  solid  consittu- 
esU( — occasionally  the  organic — arc  increased  {//eUtnhttin).  If  astrong  siimulus  be  applied  for* 
long  lime,  the  secretion  dimlDishcK.  becomes  watery,  and  if  poor  to  specific  constitucnti,  especially 
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in  the  organic  elements,  which  are  more  aflecled  than  the  inorganic  {C.  LtuHoig  and  Beektr). 
After  prolonged  uimulaiion  of  the  sjrni  pathetic,  the  secretion  resembles  the  chorda  saitva.  Itwoula 
*eem.  therefore,  that  the  chorda  and  sympaihetie  laliva  are  tiol  spetifitally  distinct,  but  vary  only 
in  degree.  On  continuing  the  itimolaiion  of  the  nerves  up  lo  a  certain  maximal  limit,  the  rapidity 
of  secretion  becomes  greater,  and  the  perceota};e  of  iults  also  increases  to  a  certain  maximum,  and 
this  independently  of  the  former  condition  of  the  glands.  The  percentage  of  organic  constituents 
also  depends  uD  the  strength  of  the  nervous  stimulation,  bat  not  on  this  alone,  as  it  is  essentially 
ooDttngent  ui^n  the  condition  of  the  gland  before  the  secretion  took  place,  and  it  also  depends  upon 
the  doraiion  and  intensity  of  the  previous  secretory  activity.  Very  strong  stimulation  of  the  gland 
leaves  an  *' after-errect,"  which  predisposes  it  lo  give  olT  organic  constituents  into  the  secretion 
{//eidenhaiH).  A  latent  period  of  1.2  sec.  to  24  sec.  may  elapse  between  the  nerve  stimulation  and 
the  beginning  of  the  secretion. 

[  [-angley  has  shown  that  in  the  cat  the  ^rmpathetic  saliva  of  the  snb*inaztllary  gland  is  leis  viscid 
than  the  chorda  saliva.] 

Relation  to  Blood  Supply. — The  secretion  of  saHva  is  not  simply  the  result  oj 
the  amount  of  blood  in  the  glands  ;  that  tliere  is  a  factor  independent  of  the  changes 
in  the  state  of  the  vessels  is  shown  by  the  following  facts: — 

( 1 )  The  secretory  activity  of  the  glands  when  tlieir  nerves  ore  stimulated  continues  for  some  time 
after  the  blood  vessels  of  the  gland  have  been  ligatured.  [If  the  head  of  a  rabbit  be  cut  off,  stimula- 
tion of  the  seventh  nerve,  above  wlierc  the  chorda  leaves  it,  causes  a  How  of  sa!iva,  which  cannot 
be  accounted  for  00  the  sup[X]sition  that  the  ^Itva  already  present  in  the  salivary  glands  is  forced 
out  of  them,  llius  we  may  have  secretion  without  a  blood  stream.  The  saliva  ii  really 
secreted  from  the  lymph  present  in  the  lymph  spaces  of  the  gland  (Ludwt^).] 

(2)  Atropin  and  daturin  abolish  the  activity  of  the  secretory  fibres  in  the 
chorda  tynipani,  but  do  not  affect  the  vaso-dilator  fibres  (/feidenAain).  The  sai^e 
results  occur  after  the  injection  of  acids  and  alkalies  into  the  excretory  duct 
{Gianuszi). 

[Action  of  Atropin. — The  vascular  dilatation  and  the  increased  flow  of  saliva, 

due  to  the  activity  of  the  secretory  cells,  produced  by  stimulation  of  the  chorda 

tympani,  although  they  occur  simultaneously,  do  not  stand  in  the  relation  of  cause 

<uid  effect.     We  tnay  cause  vascular  dilatation  without  an  increased  flow  of  saliva, 

as  already  stated  (s).     If  atropin  be  given  to  an  animal,  stimulation  of  the  chorda 

produces  dilatation  of  the  blood  vessels,  but  no  secretion  of  saliva.     Atropin 

paralyzes  the  secretory  fibres,  but  not  the  vaso-dilator  fibres  (Fig.  i6o).     The 

increased  supply  of  blood,  while  not  causing,  yet  favors  the  act  of  secretion,  by 

placing  a  larger  amount  of  pabulum  at  the  disposal  of  the  secretory  elements^  the 

cells.] 

(3)  The  pressure  in  the  excretory  duct  of  llie  salivary  gland — measured  by 
neans  of  a  manometer  tied  into  it — may  be  nearly  twice  as  great  as  the  pressure 
withm  the  arteries  of  the  glands,  or  even  in  the  carotid  ilseK  {Ztfdtt/ig).  The 
prrsure  in  Wharton's  duct  may  reach  200  mm.  Hg. 

[Secretory  Pressure. — The  experiment  described  under  (3)  proves,  in  a 

definite  manner,  that  the  passage  of  the  water  from  the  blood  vessels,  or  at  least 

ffom  the  lymph  into  the  acini  of  the  gland,  cannot  be  due  to  the  blood  pressure  ; 

tiat,  in  fact,  it  is  no/  a  mere  process  of  titration,  stich  as  occurs  in  the  glomeruli  of 

">e  kidney.     In  the  case  of  the  salivary  gland,  where  the  pressure  within  the 

gland  may  be  double  that  of  the  arterial  pressure,  the  water  actually  moves  from 

'''«  lymph  spaces  against  very  great  resistance.     We  can  only  account  for  this 

'^sult  by  ascribing  it  to  the  secretory  activity  of  the  gland  cells  themselves. 

'Whether  the  activities  of  the  gland  cells,  as  suggested  by  Heidenhain,  are  governed 

dK"cctly  by  two  distinct  kinds  of  nerve  fibres,  a  set  of  solid-secreting  fibres,  and  a 

I    set  of  vater-secreting  fibres,  remains  to  be  proved.] 

1,4)  juU  as  in  the  case  of  muscles  and  ner\'es,  the  .iolivary  glands  become  fatigued  or  exhausted 
'Iter  pratoQged  action.  This  result  may  aUo  be  brought  about  by  injecting  acids  or  alkalies  into 
^  duct,  which  shows  that  the  secretory  activity  of  the  gLind  is  independent  of  the  circulation 

All  tbe&e  facts  lead  us  to  conclude  th:it  the  nerves  exercise  a  direct  effect  upon  the  secretory 
(*na,  ajiart  from  their  action  on  the  blood  vessels. 

»7 
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Extirpation  of  Salivary  Glands. — ^When  the  chorda,  tympaiit  is  extirpated  on  one  side  I 
young  dogs,  the  aub-maxilUry  gland  on  that  .side  doM  not  develop  so  mucb — its  weight  is  50  per 
cent.  less — white  the  inacous  celli  and  the  "crescents"  are  smaller  than  on  the  soand  ntle 
{Bu/ahni). 

During  secretion,  the  temperature  of  the  gland  rises  1,5°  C.  {Ludwig\  and 
the  blood  flowing  from  the  veins  is  often  warmer  than  the  arterial  blood.  [The 
electro -motive  changes  are  referred  to  on  p.  256.] 

"  Paralytic  Secretion  "  of  Saliva.— Uy  this  term  is  meant  the  continued 
secretion  of  a  thin,  water)' saliva  from  the  sub-maxiMary  gland,  which  occurs  tweDt]r^_ 
four  hours  after  the  section  of  the  c ere f^rai  nerves  (chorda  of  the  seventh),  J-'J^I 
those  branches  of  them  that  go  to  this  gland*  whether  the  sympathetic  be  divide^^ 
or  not  (Cy.  Bernard).     It  increases  until  the  eighth  day,  after  which  it  gradually 
diminishes,  while  the  gland  tissue  degenerates.     The  injection  of  a  small 
quantity  of  curara  into  the  artery  of  the  gtand  also  causes  it. 

[Heidenhain  showed  that  section  of  one  chorda  is  followed  by  a  continuous  secretion  of  saliTi 
(rom  hoih  sub- maxillary  glands.  The  term  "  paralytic"  secretion  is  applied  to  that  which  t^e* 
place  on  the  side  on  which  the  nerve  is  cut,  and  Langlcy  jiropxises  lo  call  the  secretioti  on  the 
opposite  side  the  antilytic.  Apuoea  (^  36S)  stops  both  the  paralytic  and  antil)*t)C  secretion,  while 
dyspnceaincreaseslbcflowin  both  cases;  andasscctiunofthesympatheticBln'es  to  the  gland  (where  tlie 
chorda  is  cut)  arrcsls  the  paralytic  secretion  excited  by  dyspnrjca,  it  is  evident  that  both  the  paralytic 
Kcrction  and  the  secretion  fullowing  dyspnoea  arc  caused  by  stimuli  iiavcling  down  the  tyni|Mthetic 
fibres.  In  the  later  stages  of  the  paralytic  aecretinn,  the  cause  is  in  the  gland  itself,  fnr  it  goes  on 
even  if  all  the  nerves  passing  to  the  gland  be  divided,  and  is  probably  due  to  a  local  nerve  centre. 
In  this  stage  the  secretion  is  arrested  by  a  targe  dose  of  chloroform.  The  paralytic  secretion  in  the 
first  stage  may  be  owing  lo  a  venous  condition  of  the  blood  acting  on  a  central  secretory  centre 
whuse cxcitabUity  is  increased;  and  in  the  latter  stages  probably  oc  local  nerve  centres  within  the 
gland.     The  fibres  of  the  chorda  in  the  cat  are  only  partially  degenerated  thirteen  days  after  section 

[Histological  Changes.^In  the  gland  during  paralytic  secretion,  the  gland  cells  of  the  alveoli 
(serous,  mucuus,  and  demilune*-)  diminish  in  size  and  show  the  typical  "  resting  "  appearance,  cveo 
to  a  greater  extent  than  the  normal  resting  gland  {-Laffff^fy)-^ 

B.  Sub-lingual  Gland. — Very  probably  the  same  relations  obtain  as  in  the 

sub-maxillary  gland. 

C.  Parotid  Gland. — In  the  dog,  stimulation  of  the  sympathetic  <x/<m^  causes 
no  secretion  ;  it  occurs  when  the  glosso- pharyngeal  branch  to  the  parotid  b 
simultaneously  excited.  This  branch  may  be  reached  within  the  tympanum  in  the 
tympanic  plexus.  A  ihuk  secretion  containing  much  organic  matter  is  thereby 
obtained.  Stimulation  of  the  (-(rr^Ara/ branch  a/one  yields  a  clear,  thin,  watery 
secretion,  containing  a  very  small  amount  of  organic  substances,  bat  a  considerable 
amount  of  the  salts  of  the  saliva. 


[Stimulation  of  Jacobson's  Nerve  (Parotid  of  Dog) — 

Total  Sulid». 
Without  sympathetic,  0.56  per  cent. 

With  sympathetic.  .  .  2.42  per  cent. 


Orfanic  Msttcr. 
0.24 
2.06] 


[Reflex  Secretion  of  Saliva. — If  a  cannula  be  placed  in  Wharton's  due 

e.g.,  in  a  dog,  during  fasting,  no  saliva  will  flow  out,  but  on  applying  a  sapid 
substance  to  the  mucous   membrane   of  the  mouth  or  the   tongue,  there  is  a 
copious   flow  of  saliva.     If  the   sympathetic   nerve   be   divided,  secretion   still 
takes  place  when  the  mouth   is  stimulated,  but  if  the  chorda  tym|)ani  be  cut. 
secretion  no  longer  takes  place.     Hence,  the  secretion  is  due  lo  a  reflex  act ; 
in   this  case,   the   lingual   is  the   aflferent,  and   the  chorda   the   efferent   nerve- 
carrying  impulses  from  a  centre  situated  in  the  medulla  oblongata  (Fig.  160).) 
In  the  intact  body,  the  secretion  of  saliva  occurs  through  a  reflex  stimulatioi*. 
of  the  nerves  concerned,  whereby,  under  normal  circumstances,  the  secretioi* 
is   always   watery   (chorda   or   facial    saliva).      The   centripetal   or    afferent 
nerve  fibres  concerned  arc  :     (i)  The  nerves  of  taste.     (2)  The  sensory  branche* 
of  the  trigeminus  of  the  entire  cavity  of  the  mouth  and  the  glosso-pharyngcal 
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(^which  appear  lo  be  capable  of  being  stimulated  by  mechanical  stimuli,  pres- 
sure, tension,  displacement).  The  movements  of  mastication  also  cause  a 
secretion  of  saliva.  Pfliigcr  found  that  one-third  more  saliva  was  secreted  on  the 
side  where  mastication  took  place ;  and 

CL  Bernard  observed  that  the  sccrc-  ^*'^-  *^* 

tion  ceased  in  horses  during  the  act  of  jincon*  MemiininB 

drinking.  (3)  The  nerves  of  smell, 
excited  by  certain  odors.  (4)  The  gas- 
tric branches  of  the  vagus.  A  rush  of 
saliva  into  the  mouth  usually  precedes 
the  act  of  vomiting  (§  158). 


Afferent  > 
Noivu  , 


iDiK'LolOltiiitt. 


Nerve   , 

CoDtre. 


i-ellB. 


Keivc.       ^ 


of  C)iLUd. 

DiagnuD  of  a  aajivar;  gland. 


(5)  Tlic  slimuUtion  of  distant  sensory 
nerves,  e.  /,,  the  central  end  of  the  sciatic — 
certftlnly  through  a  complicated  reflex  niechan- 
ism — causes  a  Mcrction  of  uilirA  {Ows/aHniAtrtv 
ami  7'scAieryfU.').  Stimulation  of  the  conjunc- 
tira,  e.g^.,  ^  oppljring  an  ifritating  tluid  to  the 
eye  of  camivoroas  animals,  causes  a  reflex  Kcre- 
tun  of  saliva  lAi^ArMirauJt).  I'crhaps  the 
Mczction  of  uJlva  which  sometimes  occurs 
dmiog  pregnancy  is  caused  in  a  ittmtUr  reflex 
manneT. 

(6)  The  movementB  of  mastication  excite 
■tereiion,  hat  although,  during  the  act  of  rumination,  this  is  the  case  in  ruminants,  in  whom  the 
pweeM  of  mastication  is  very  thorough,  there  is  no  secretion  from  the  sub-maxillary  gland,  although 
the  parotid  secretes  ( Co/in,  Elfenbtrger  and  Jhfmfister). 

The  reflex  centre  for  the  secretion  of  saliva  lies  in  the  medulla  oblongata,  at 
ihe  origin  of  the  seventh  and  ninth  cranial  nerves.  The  centre  for  the  sympathetic 
fibres  is  also  placed  here.  This  region  is  connected  by  nerve  fibres  with  the  cere- 
brum ;  hence,  the  thought  of  a  savory  morsel,  sometimes,  when  one  is  hungry, 
cau^ics  a  rapid  secretion  of  a  thin,  watery  fluid — [or,  as  we  say,  "  makes  the  mouth 
water"].  If  the  centre  be  stimulated  directly  by  a  mechanical  stimulus  (puncture), 
alivation  occurs,  while  asphyxia  has  the  same  effect.  The  reflex  secretion  of 
saliva  may  be  inhibited  by  stimulation  of  certain  sensory  nerves,  e.  g.^  by  pulling 
out  a  loop  of  the  intestine.     Stimulation  of  the  cortex  cerebri  of  a  dog,  near  the 

iulcus  cruciatus,  is  often  followed  by  secretion  of  saliva.     Disease  of  the  brain  in 

nun  sometimes  causes  a  .secretion  of  saliva,  owing  to  the  effects  produced  on  the 

intracranial  centre. 
So  long  as  there  is  no  stimulation  of  Ihe  nerves,  there  is  no  secretion  of  saliva, 

IS  in  sleep.     Immediately  after  the  section  of  all  nerves,  secretion  stops,  for  a  time 

at  least. 

Patholo^cal  Conditions  and  Poisons. — Certain  allectioas,  as  inflammation  of  the  mouth. 
Kinl|^,  ulcers  of  the  mucous  membrane,  and  atTections  of  the  gums,  due  to  teething  or  the 
(nloDged  admin iatratiun  nf  mercury,  often  produce  a  copious  secretion  of  saliva  or  ptyalism. 
^^"tib  poisons  cau^c  the  same  efl^cct  by  dircci  stimulation  of  the  nerves,  as  Calabar  bean 
(pfcjwsopnini,  digitalin,  and  especially  pilocarpin.  Many  jxjisons,  especially  the  narcotics — above 
wlf  ttroptn — -paraiyze  the  secretary  nert'es,  so  (hat  there  is  a  ceaa.-uion  of  the  fcecrction  and  the  mouth 
l^nuadfy:  white  the  administration  of  muscarin  in  ibis  condiiiou  causes  secretion.  Pilocarpin 
"b  00  the  chorda  tympani,  causing  a  profuse  secretion,  and  if  atropin  be  given,  the  secretion  is 

yw  smsted.  Conversely,  if  the  secretion  Ijc  arrested  by  atropin,  it  may  be  restored  by  the  action 
pilocarpiD  or  phvMistigmin.  Nicotin,  in  small  doses,  excites  the  secretory  nerve.s,  but  In  large 
^^■Btptmy^es  them.  Daturin,  cicutin.  and  iodide  of  a^hjrlstrychoin,  paralyze  the  chorda.  Ttie 
^*«  11  diminished  in  amount  in  man,  id  cases  of  paralysis  of  the  JaHal  q\  sympathetic  nerre*.  as 
■  wtrr*«d  in  unilateral  paralysis  of  these  nerves. 

[Stalofogixes  arc  those  drugs  which  increase  the  secretion  of  saliva.  Some  arc  topical,  and 
"■^tfcct  when  applied  to  the  mouth.  They  excite  secretion  rcflexly  by  acting  on  the  sensory 
*"*<>  of  the  mouth.  They  iocltide  acids,  and  variotis  pungent  bodies,  such  as  mustard,  ginger, 
i7*tltinim,  tobacco,  ether,  and  chloroform ;  but  they  do  not  all  procluce  the  same  effect  on  the 
**''>utor  qoalily  of  the  saliva  ;  others,  the  general  sialogogucs,  causr  salivation  when  introduced 
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into  the  blood;  physostigmin,  nicottn,  pilocarmn,  muscarin.  The  drugs  nuned  ACt  after  all  the 
nerves  going  to  the  gland  arc  divided,  so  thai  ttiey  5itimulale  the  peripheral  eodx  of  the  nerves  in 
the  gUnds.     The  two  former  also  excite  the  central  ends  of  the  secretory  nerves.} 

[Antisialics  are  those  sub»lanccs  which  diminisih  the  secretion  of  saTtva,  and  they  may  take  effect 
upon  any  part  of  the  rcRex  arc,  i.  e.,  on  the  mouth,  the  alferent  nerves,  the  nerve  centre  and  aAcrcni 
nerves,  or  upon  the  blood  stream  through  the  glands,  or  on  the  glands  tticmsclves.  <~_^>tum  and 
morphia  affect  ihe  centre,  large  doses  of  physostigmin  affect  the  blood  supply,  but  airopin  is  the  moat 
powerful  of  all,  us  it  paralyzes  the  terminations  of  ibe  secretory  nerTCR  in  the  glands,  /.^.,  the  chorda 
lympani,  and  even  tbc  sympathetic  in  the  cat  (but  not  in  the  dog).] 

[Excretion  by  the  Saliva. — Sonic  drugs  are  excreted  by  ine  saliva.  Iodide  of  pocaasium  u 
rapidly  eliminated  hy  the  lcidney»,  and  by  the  salivary  glands,  and  so  also  is.iodide  of  iron.] 

Theory  of  Salivary  Secretion. — lleindenbuin  has  recently  formulated  the  following  theory 
regardini;  the  secretion  of  saliva:  "  During  the  passive  or  quiescent  condition  of  the  gland,  the 
organic  materials  of  the  secretion  are  formed  from  and  by  the  activity  of  the  protoplasm  of  the 
secretory  cells.  A  quieserent  cell,  which  has  been  inactive  for  some  time,  therefore  containi  little 
protoplasin,  and  a  large  amount  of  these  secretory  subsunces.  In  an  actively  secreting  gland,  there 
are  two  processes  occurring  together,  but  independent  of  each  uher,  and  regulated  by  two  different 
chusesof  nerre  6bres;  stcretory  Jitrft  cause  the  aa  of  secretion,  while  trophU  fibm  ciuse  chemical 
processes  within  the  cells,  partly  resulting  in  the  formation  of  the  soluble  constituents  of  the  secre- 
tion, and  partly  in  the  growth  of  the  protoplasm.  According  to  the  number  of  both  kinds  of  (ibtcs 
present  in  a  nen'e  passing  to  a  gland,  such  nerve  being  stimulated,  the  secretion  takes  place  more 
rapidly  (cerebral  nerve)  or  more  slowly  (sympathetic),  while  the  secretion  contains  less  or  more 
solid  consiituetits.  The  eere&rn/ nerves  contain  many  secretory  fibres  and  few  trophic  fibres,  while 
the  iympaihetic  contain  more  trophic  but  few  secretory  fibres.  The  rapidity  and  chemical  com- 
position of  the  secretion  vary  according  to  (he  strength  of  the  stimulus.  During  continued  secretion, 
the  supply  of  secretory  materials  in  the  gland  cells  is  used  up  more  rapidly  than  it  is  replaced  by 
the  activity  of  the  protoplasm ;  hence,  the  amount  of  organic  constituents  diminishes,  and  the  micro, 
scopic  characters  of  the  cells  are  altered.  The  microsco|nc  characters  of  the  celts  are  altered  also  by 
the  increase  of  the  protoplasm,  which  takes  place  in  an  active  eland.  The  mucous  cells  disappear, 
and  seem  to  be  dissolved  after  prolonged  secretion,  and  their  place  is  taken  by  other  cells  derired 
from  the  proliferation  of  the  maiginal  cells.  The  energy  which  causes  the  current  of  fluid  depends 
upon  the  protoplasm  of  the  gland  cells," 

146.    THE    SALIVA   OF    THE    INDIVIDUAL    GLANDS.— (a) 

Parotid  saliva  is  obtained  by  placing  a  fine  cannula  in  Steno's  duct ;  it  has  an 
alkaline  reaction,  but  during  fasting,  the  first  few  drops  may  be  neutral  or  even 
acid  on  account  of  free  COj ;  its  si>ecific  gravity  is  1003  to  1004.  After  standing 
it  becomes  turbid»  and  deposits,  in  addition  to  albuminous  matter,  calcium  car- 
bonate, which  is  present  in  the  fresh  saliva  in  the  form  of  bicarbonate.  It  contains 
small  quantities  (more  abundant  in  the  horse)  of  a  globulin>like  body,  and  never 
seems  to  be  without  CNKS,  /*.  ^.,  sulphocyanide  of  potassium  (or  sodium), — 
whichj  however,  is  absent  in  the  sheep  and  dog, 

[The  sulphocyanide  gives  a  dark  red  color  (ferric  sulphocyanide)  with  ferric  chloride,  and  the 
color  is  discharged  by  mercuric  chloride,  but  this  is  not  the  case  with  mcconic  acid,  which  gives  a 
similar  color  reaction.]  It  also  reduces  iodic  add  when  added  to  saliva,  causing  a  yellow  color 
from  the  liberation  of  iodine,  which  may  be  detected  at  once  by  starch  i^S&Ura). 

Among  the  organic  substances  the  must  important  are  ptyalin,  a  small 
amount  of  urea^  atid  traces  of  a  voblile  acid.  Mucin  is  absent,  hence  the 
parotid  saliva  is  not  sticky,  and  can  readily  be  poured  from  one  vessel  into 
another.  It  contains  1.5  to  1.6  per  cent,  of  solids  in  man,  of  which  0.3  to  i.o 
per  cent,  is  inorganic. 

Of  the  inorganic  constitucnus — the  most  abundant  are  potassium  and  sodium  chlorides ;  then 
potassium,  sodium,  and  calcium  carbonates,  some  phosphates,  and  a  trace  of  an  alkaline  sulphate- 
Salivary  calculi  are  formed  in  the  ducts  of  the  salivary  glands  owing  to  the  deposition  of  liaae 
salts,  and  they  contain  only  traces  of  the  other  salivary  constituents ;  in  the  same  way  is  formed  tbc 
tartar  of  the  teeth,  which  conuins  many  threads  of  leptothrix,  and  the  remains  of  low  organtsna 
which  live  in  decomposing  saliva  in  carious  cavities  between  the  teeth. 

{b)  Sub-maxillary  saliva  is  obtained  by  placing  a  cannula  in  Wharton's 
duct ;  it  is  alkaline,  and  may  be  strongly  so.  After  standing  for  a  time,  fine 
crystals  of  calcium  carbonate  arc  deposited,  together  with  an  amorphous  albu- 
minous body.    It  always  contains  mucin  (which  is  precipitated  by  acetic  acid) ;  ; 
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hctice^  it  is  usually  somewhat  tenacious.  It  contains  ptyalin,  but  in  less  amount 
than  in  parotid  saliva ;  and,  according  to  f)ehl,  only  0.0036  percent,  of  potassium 
sulphocyanide. 

I         Chemical  Composition. — Sub-maxilUry  saliva  (dog] : — 

^L  Water,  991-45  pcr  looo. 

^1  Oi^anic  Matter,        3.89  " 

^^^w  Inorganic  Matter,      5.66  f    4.50  NaCI  nnd  CaCI, . 

^^^K  \    1.16  CaCO^,  Calciom  and  Magnesium  phosphates. 

^^^F  Mixed  Saliva  Parotkl  Sub-tnftxilLuy 

^g  (HiUDui)  (Hunun)  (I>okI 

■  rWaier,      99.51  99.32  99.44 

Solids, a49  a68  0.56 

k  Soluble  organic  bodies  (ptyalin),    .    .   .  0.13   >  0.34  f  0.066 

Epitbclium,  mucin, 0.16    /  IO.17 

laorganic  salts o.ioz  0.34  0.43 

rotasftic  sulphocyanide 0.006  O.03  .    . 

pDUssic  and  sodic  chlorides 0.084  .  -  .    ■  ] 

Gases. — ranger  found  that  100  cubic  centimetres  of  the  saliva  cottiainetl  0.6  O;  64.7  CO,  (part 

CDultl  he  pumped  out,  and  inrt  required  the  addition  of  phuftphoric  acid);  0.8  N. ;  or,  in  too  vol. 

gm,   0.9]  O;  97.88  CO,;   1.21   N.     [It  therefore   contains   much  more  CO,  than  venous  blood, 

-    KQU  obtained  from  100  c.c.  of  human  saliva  7  c.c.  of  gas — tJ  ^^  i  cc,  N  =  2.5  c.c.  and  CO,  = 

3.5  c.c     Besides  this  there  it.  40-60  c.c.  of  fixed  CO,  in  the  form  of  carbonates.] 

(c)  Sub-lingual  saliva  is  obtained  by  placing  a  very  fine  cannula  in  the 
ductus  Rivinianus ;  it   '\i  strongly  aikaUne  in   reaction,  very  sticky  and  cohesive, 
contains  much  mucin,  numerous  salivary  corpuscles,  and  some  potassium  sulpho- 
,     c)*anide. 

■  147.  THE  MIXED  SALIVA  IN  THE  MOUTH.— The  mixed 
saliva  in  the  mouth  is  a  mixture  of  the  secretions  from  the  salivary,  mucous,  and 
other  glands  of  the  mouth. 

(1)  Physical  Characters. — It  is  an  opalescent,  tasteless,  odorless,  slightly 
glairy  fluid,  with  a  specific  gravity  of  1004  to  1009.  and  an  alkaline  reaction.  The 
amount  wcreled  in  twenly-four  hours  =  200  to  1500  grammes  (7  to  50  oz.) ; 
according  to  Bidder  and  Schmidt,  however,  =  toco  to  2000  grammes.  The  solid 

^  constituents  =  5.8  per  1000. 

V  Composition. — The  solids  are:  Epithelium  and  mucus,  a. 2;  ptyalin  and  albumin,  1.4;  salts, 
2.3;  potassium  sulphocvanulc,  0.04  per  1000.  The  ash  contains  chiclly  potash,  phosphoric  acid, 
»i>d  chlorine  {liammerbcchey). 

Decooi position  producLt  of  epithelium,  saiivary  corpuscles,  or  the  remains  of  food,  may  render 
it  aHJ  ttmporarily,  as  after  long  fasting,  and  after  much  speaking ;  the  reaction  i?  acid  in  Rome 
cues  of  dyspepsia  and  in  fever,  uwing  to  the  stagnation  and  insufTicient  secretion. 

(2)  Microscopic  Constituents. — (a)  The  salivary  corpuscles  are  slightly 
larger  than  the  white  blood  corpuscles  (8  to  11  /i),  and  are  nucleated  protoplasmic 
globular  cells  without  an  envelope  (Fig.  150,  j).  During  their  living  condition, 
the  particles  in  their  interior  exhibit  molecular  or  Brownian  movement.  The 
dark  granules  lying  in  the  protoplasm  arc  thrown  into  a  trembling  movement, 
from  the  motion  of  the  fluid  in  which  they  are  suspended.  This  dancing  motion 
stops  when  the  cell  dies. 

[The  Brownian  movements  of  these  <tu<i|>ended  granules  are  purely  phyiucal,  and  arc  exhibited 
117  all  tine  microMropic  particles  suspended  in  a  limpid  flnid.  r.  g,,  gamboge  rubbed  up  in  water, 
(ttflicles  of  carmine,  charcoal,  etc.] 

{k)  Pavement  epithelial  cells  from  the  mucous  membrane  of  the  mouth  and  tongue;  they  are 
»CTy  abundant  in  catarrh  of  the  mouih  (Fig.  r5o}. 

(f)  Living  organisms,  which  live  and  thrive  in  the  cavities  of  teeth,  nourished  by  the 
remains  of  foixJ.  Among  these  are  Ltptothrix  bmcalis  (Fig.  149,  12)  and  small  bacteria-like  organ- 
tnai.  The  threads  of  the  leptothrix  penetrate  into  the  canals  of  the  dentine,  and  produce  dental 
cwics.  [Miller  h.is  found  twenty-five  varieties  of  micnxVganisms,  including  cocci,  bacteria,  vibrios, 
tpirilla,  and  spirochairt.i:,  eight  of  them  present  tn  the  stomach  and  twelve  in  the  intestines.] 


262 


rHVSIOLOGICAL    ACTION   OF   SALIVA, 


(3)  Chemical  Properties. — (a)  Organic  Constituents. — Sfrum-affrumjin 
is  precipitated  by  heat  and  by  the  addition  of  alcohol.  In  saliva,  mixed  with 
much  water  and  shaken  up  with  CO3,  a  globuHn-iike  body  is  precipitated  ;  muan 
occurs  in  small  amount.  Among  the  extractives,  the  most  imi}ortant  is  ptyalin  ; 
fats  an^  urea  occur  only  in  traces.  In  twenty-four  hours  130  milligrammes  of 
potassium  or  sodium  sulphocyanide  are  secreted. 

{b)  Inorganic  Constituents. — Sodium  and  tx)tassium  chlorides,  potasdum 
sulphate,  alkaline  and  earthy  phosphates,  ferric  phosphate. 

According  In  SchJjiibein,  the  saliva  contains  traca  a(  ni/rirfs  (detected  by  adding  dilute  lulphuhc 
acid  and  diatn id o- benzol  to  dilute  saliva),  which  give  a  yellow  color  {Grif!).  There  are  also  traces 
of  ammonia  {Brdke). 

Abnomnal  Constituents. — In  dial>etes  melUtus,  luf/ic  add,  derived  from  a  further  decompo- 
siliou  of  4;rapc  sugar,  is  found.  It  dissolves  the  time  in  the  teeth,  giving  rise  to  diabetic  deocal 
caries.  Frerichs  found  Uudn,  and  Vulpian  increase  of  albumin  in  albuminuria.  Of  foreign  sub- 
stances taken  into  the  body,  the  following  appear  in  the  saliva:  Mercury,  potassium,  iodine,  and 
bromine. 

Saliva  of  New-born  Children. — In  new-born  children,  the  parotid  alone 

contains  ptyalin.  The  diastatic  ferment  seems  to  be  developed  in  the  sub-maxil- 
lary gland  and  pancreas,  at  the  earliest  after  two  months.  Hence,  it  is  not  advi- 
sable to  give  starchy  food  to  infants.  No  ptyalin  has  been  found  in  the  saliva  of 
infants  suffering  from  thrush  (Oidium  albicans — Zweifef).  The  diastatic  action  of 
saliva  is  not  absolutely  necessary  for  the  suckling,  feeding  as  it  does  upon  milk. 
The  mouth  during  (he  first  two  months  is  not  moist,  but  at  a  later  period  saliva  is 
copiously  secreted  {Koroivifi)  ;  after  the  first  six  months,  the  salivary  glands 
increase  considerably.  The  eruption  of  the  teeth — owing  to  the  irritation  of  the 
mucous  membrane — produce  a  copious  secretion  of  saliva. 

148.  PHYSIOLOGICAL    ACTION     OF    SALIVA.— 1.    Diastatic 

Action. — The  most  important  chemical  action  exerted  by  saliva  in  digestion  is 
its  diastatic  or  amylolytic  action  {Leuchj,  1831),  /.  ^.,  the  transformation  of  starch 
into  dextrin  and  some  form  of  sugar.  This  is  due  to  the  ptyalin — a  hydrolytic 
ferment  or  enzym — which,  even  when  it  is  present  in  very  minute  quantity, 
causes  starch  to  take  up  water  and  become  soluble,  the  ferment  itself  undergoing 
no  essential  change  in  the  process.  [Ptyalin  belongs  to  the  group  of  unorganized 
ferments  (§  250,  9).  Like  all  other  ferments  it  acts  only  within  a  certain  range 
of  temperature,  being  most  active  about  40°  C.  Its  energy  is  permanently 
destroyed  by  boiling.     It  acts  best  in  a  slightly  alkaline  or  neutral  medium.] 

[Action  on  Starch. — Starch  grains  consist  of  granuhse  or  starch  enclosed 
by  coats  of  leiluhse.  Cellulose  does  not  appear  to  be  affected  by  saliva,  so  that 
saliva  acts  but  slowly  on  raw,  unboiled  starch.  If  the  starch  be  boiled,  so  as  to 
swell  up  the  starch  grains  and  rupture  the  cellulose  envelopes,  the  amylolylic 
action  takes  place  rapidly.  If  starch  paste  or  starch  mucilage,  made  by  boiling 
starch  in  water,  be  acted  upon  by  saliva,  especially  at  the  temperature  of  the  body* 
the  first  physical  change  observable  is  the  liquefaction  of  the  paste,  the  mixture 
becoming  more  fluid  and  transparent.  The  change  takes  place  in  a  few  minatcs. 
When  the  action  is  continued,  m^porlant  chemical  changes  occur.J 

According  to  O'SulHvan,  Musctilus,  and  v.  Mering,  the  diastatic  ferment  of 
saliva  (and  of  the  pancreas),  by  acting  upon  starch  or  glycogen,  forms  dextrin 
and  maltose  (both  soluble  in  water).  Several  closely  allied  varieties  of  dextrin, 
distinguishable  by  their  color  reactions,  seem  to  be  produced  {^Brutke).  Ery- 
throdextrin  is  formed  first,  it  gives  a  red  color  with  iodine  ;  then  a  reducing 
dextnn-^achroodextrin,  which  gives  no  color  reaction  with  iodine.  The  sugar 
formed  by  the  action  of  ptyalin  upon  starch  is  maltose  (CuHhO,,  -|-  H,0), 
which  is  distinguished  from  grape  sugar  (Ci,H„0«)  by  containing  one  molecule 
less  of  water,  which,  however,  it  holds  as  a  molecule  of  water  of  hydration- 
[Maltose  also  differs  from  grape  sugar  in   its  greater  rotatory  power  on  polarized 
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light,  the  former^  +  iso**,  the  latter  -(-  56°,  the  ratio  being  61  :  100  ;  and  in 
its  smaJler  power  of  reducing  cupric  oxide  Thus,  between  the  original  starch 
and  the  final  product,  maltose,  several  intermediate  bodies  are  formed.  The 
starch  gives  a  blue  with  iodine,  but  after  it  has  been  acted  on  for  a  time  it  gives  a 
red  or  violet  color,  indicating  the  presence  of  erythrodextrin,  there  being  a  sim- 
nltaneous  production  of  sugar ;  but  ultimately  no  color  is  obtained  on  adding 
iodine — achroodextrin,  which  gives  no  color  with  iodine,  maltose  being  formed. 
The  presence  of  the  maltose  is  easily  determined  by  testing  with  Fehling's  solution.] 
[Brown  and  Heron  suggest  that  the  final  result  of  Ihc  transformation  may  be 
represented  by  the  equation — 

io(C«H«0,„)  +  8H,O  =  8(C»H„0„)-f-  2(C„H„0,«) 

Soluble  starch,  Walcr,  5Iallose.  Achrood«xlrin. 

The  ferment  slowly  changes  maltose  into  grape  sugar  or  dextrose.  This  result 
may  be  brought  about  much  more  rapidly  by  boiling  maltose  with  dilute  sulphuric 
or  hydrochloric  acid.]  Achroodextrin  ultimately  passes  into  maltose,  and  this 
again  into  dextrose  ;  the  other  form  of  dextrin  does  not  seem  to  undergo  this 
change  (Secgen's  Dystropodextrin).  For  the  further  changes  that  maltose  under- 
goes m  the  intestine,  see  §  183,  II,  2. 

[The  formula  of  starch  is  usuaily  expressed  as  C,H,gOji,  but  the  researches  already  mentionedf  and 
those  of  Urowu  and  Heron,  make  it  ^jrohablc  thai  it  is  more  complex,  which  we  may  proviiionally 
represent  by  «(C,,H_0,j).  Accordinf;  to  Musculus  and  Meyer,  erythrodextrin  is  a  mixture  of  dex- 
trin and  soluble  iiurcb.J 

Preparation  of  Ptyalin. — (1)  Like  all  other  hydrolytic  fermentn,  it  is  carried  down  with  any 
copioos  precipitate  that  is  produced  in  the  fluid  which  contains  it,  and  it  can  be  isolated  from  the 
precipiute.  The  saliva  is  acidulated  with  phosphoric  acid,  lime-water  is  added  until  the  reaaian 
becomes  alkaline,  when  a  precipitate  of  the  basic  calcium  phosphate  occurs,  which  carries  the  ptya> 
Cn  aloDg  with  it.  This  precipitate  is  collected  on  a  filter,  washed  with  water,  which  dissolves  the 
ptjalio,  and  from  its  watery  eolation  it  is  precipitated  by  alcohol  as  a  white  powder.  It  is  redissolved 
in  water  and  reprccipitatcit,  and  is  obtaiiKd  pure  {CoAtiAeim). 

(3)  Glycerine  or  v.  Wittich's  Method.— The  salivary  glands  [rat]  are  chopped  up,  placed  in 
sbenlute  alcohol  for  twenty-four  hours,  taken  out  and  dried,  and  afterward  placed  in  glycerine 
tar  several  days,  which  extracts  the  ptyalin.  It  is  precipitated  by  alcohol  from  the  glycerine 
Cktraa. 

( ji  William  Roberts  recommends  the  following  solutions  for  extracting  ferments  from  organs 
which  contain  them:  (l)  A  3  to  4  percent,  solution  of  a  mixture  of  2  paris  of  boracic  acid 
and  I  pan  borax.  (2)  Water,  with  12  to  15  [)er  cent,  of  alcohol.  (3)  I  part  chloroform  to  200 
of  wiier. 

Diastatic  Action  of  Saliva. — {a)  The  diastatic  or  sugafforming  action  is  known  by  (i)  The 
diaappcaxance  of  the  starch.  When  a  small  quantity  of  starch  is  tioiled  with  several  hundred 
times  its  volume  of  water,  starch  mucilage  Is  obtained,  which  strikes  a  blue  color  with  iodine.  If  to 
a  mail  quaritity  of  this  starch  a  sufficient  amount  of  saliva  be  added,  and  the  mixture  Ucpt  for  some 
time  at  the  temperature  of  the  body,  the  blue  color  disappears.  (2)  The  presence  of  su^ar  is 
proved  directly  by  using  the  tests  for  sugar  ({{  149). 

(#]  The  action  takes  place  more  slowly  in  the  co/r/  than  at  the  temperature  of  the  body^^its  action 
it  cBle«bted  at  55''  C,  and  desUoycd  at  75°  C.  {Pajchuiin),  The  most  favorable  temperature  is 
jr  to  39=  C. 

{t)  The  ptyalin  itself  does  not  seem  to  be  changed  during  its  action,  but  ptyalin  which  hoB  been 
used  (or  one  experiment  is  les.s  active  when  used  the  second  time  {PastAu/iM). 

Ptyalin  differs  from  diastase — the  ferment  in  germinating  grams — in  so  far  that  the  latter  first  begins 
to   act  at   -]- 66^  C.      Plyatin   decomposes  saltcin  into  saligcnin   and  grape  sugar    (PrtricAs  itnJ 

SeadUr). 

{d)  Saliva  acts  best  in  an  exactly  neutral  medium,  but  it  also  acts  in  an  alkaline  and  even  in  a 
slightly  acid  Suid ;  strong  acidity  [>revents  its  action.  Ilie  ptyalin  is  only  active  in  the  stomach  when 
ihc  acidity  is  due  to  crgaHU  adds  (lactic  or  butyric),  and  not  when  free  hydrochloric  acid  is  present 
{van  d€  Velde).  In  Iwih  cases,  however,  dextrin  is  formed.  Ptyalin  is  destroyed  by  hydrochloric 
acid  o»  digestion  by  pepsin  [CkiftfMdrH  and  Grisieold,  Langley).  Even  butyric  and  lactic  acids 
formed  from  grape  sugar  in  toe  stomach  may  prevent  its  action ;  but  if  the  acidity  lie  neutralized, 
the  action  is  resumed  [Ct.  Brmara). 

{e)  The  addition  of  common  salt,  ammonium  chloride,  or  sodium  sulphate  (4  per  cenu  solutbn), 
imnrfus/s  Ihc  activity  of  the  ptyalin,  and  CO,,  acetate  of  quinine,  strychnia,  morphia,  curara,  0.025  per 
cent,  sulphuric  acid,  have  the  same  effect. 
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(^)  Much  alcohol  and  caotttc  potash  destroy  the  ptyatin;  long  exponire  to  ifae  air  weakeiu  its 
actran  ;  sodium  carbonate  and  magnesium  sulphate  delay  the  action  {^Pfeiffer).  Salicylic  acid  and 
much  alropin  arrest  ihc  formation  of  sugar. 

{g)  Piyalin  actx  very  feebly  and  very  [gradually  upon  raw  starch,  only  after  2  to  3  hours  i&kiff^ ; 
while  upon  boited  starch  it  acts  rapidly.  [Hence  the  necessity  for  boiling  thoroughly  all  starchy 
foods.] 

{k)  The  various  kinds  of  starch  are  changed  more  or  less  rapidly  according  to  the  amount  of  eel - 
iulose  which  they  contain  ;  raw  potato  starch  after  2  to  3  hours,  raw  maice  starch  after  2to  3  minnlei 
{Hammarslen) ;  wheat  surch  more  quictsly  than  that  of  rice.  When  the  Sarcbes  are  powdered  and 
boiled,  they  are  changed  with  equal  rapidity. 

(f  ]  A  mixture  of  the  saliva  from  all  the  glands  is  more  active  than  the  saliva  from  any  single  gland 
[Jakubowitsch),  while  mucin  \s  inactive. 

[Effect  of  Tea.^Tea  has  nn  intensely  inhibitory  effect  on  salivary  digestion,  which  ia  due  to 
the  large  quantity  of  tannin  contained  in  the  tea-leaf.  CofTee  and  cocoa  have  only  a  sUght 
effect  on  salivary  digestion.  The  only  way  to  mitigate  the  inhibitory  effect  of  tea  on  aalivmiy 
digestion  is  *' not  to  sip  the  beverage  with  the  meal,  but  to  eat  first  and  drink  afkerirard" 
[Jip&erti).'\ 

II.  Saliva  dissolves  those  substances  which  are  soluble  in  water;  while  the  alka- 
line reaction  enables  it  to  dissolve  some  substances  which  are  not  soluble  in  water 
alone,  but  require  the  presence  of  an  alkali. 

III.  Saliva  moistens  dry  food  and  aids  the  formation  of  the  "bolus,"  while  by 
its  mucin  it  helps  the  act  of  swailowing,  the  mucin  being  given  off  unchanged  in 
the  faeces.     The  ultimate  fate  of  ptyalin  is  unknown. 

[IV.  Saliva  also  aids  articulation,  while  according  to  Liebig  it  carries  down 
into  the  stomach  small  quantities  of  O.] 

[V.  It  is  necessary  to  the  sense  of  taste  to  dissolve  sapid  substances,  and  bring 
them  into  relation  with  the  end  organs  of  the  nerves  of  taste.] 

Saliva  has  no  action  on  protcids  or  on  fats. 

The  presence  of  a  pcptone-fonniog  ferment  has  recently  been  detected  in  saliva  {JiQ/kfr^  JtfytnA, 
A'Shne).     [Perfectly  healthy  human  saliva  has  no  poisonous  properties.] 

149.  TESTS  FOR  SUGAR.— I.  Trommcr's  test  depends  upon  the  feet 
that,  in  alkaline  solutions,  sugar  acts  as  a  reducing  agent ;  in  this  case  a  metallic 
oxide  is  changed  into  a  sub-oxide.  To  the  fluid  to  be  investigated,  add  ^  of  its 
volume  of  a  solution  of  caustic  potash  (soda),  specific  gravity  1.25,  and  a  few 
droits  of  a  weak  solution  of  cupric  sulphate,  which  cattses  at  first  a  bluish  precipi- 
tate, consisting  of  hydrated  cupric  oxide,  but  it  is  redissolved,  giving  a  clear 
bhie  fluid,  if  sugar  be  present.  Heat  the  upper  stratum  of  the  fluid,  and  a  yellow 
or  red  ring  of  cuprous  oxide  is  obtained,  which  indicates  the  presence  of  sugar  ;j 
aCuO  — O^Cu.O. 

Tlie  solution  of  hydrated  cupric  oxide  is  caused  by  other  o^anic  lubstanccs;  but  the  final 
stage,  or  the  production  of  cuprous  oxide,  is  obtained  only  with  certain  sugars — grape,  fruit  and 
milk  (but  not  cane)  sugar.  Fluids  which  are  turbid  must  be  previously  filtered,  and  if  they  an 
highly  colored,  they  must  be  treated  with  basic  lead  acetate;  the  lead  accutc  is  afterward 
removed  by  the  addition  of  sodium  phosphate  and  subsequent  filtration.  If  very  small  qnantitte* 
of  sugar  are  present  along  with  compounds  of  ammonia,  a  yellow  color  instead  of  a  yellow 
prccipiute  may  )>e  obtained.  In  doing  the  test,  care  must  be  takeo  not  to  add  too  much  capfic 
sulphate. 

[2.  Fehling's  Solution  is  an  alkaline  solution  of  potassio- tart  rate  of  copper. 
Uoil  a  small  quantity  of  the  deep-blue  colored  Fehling's  solution  in  a  test- cube, 
and  add  to  the  boiling  test  a  few  drops  of  the  fluid  supposed  to  conuin  the  sugar. 
If  sugar  be  present,  the  copper  solution  is  reduced,  giving  a  yellow  or  reddish 
precipitate.  The  reason  for  boiling  the  test  itself  is,  that  the  solution  is  apt  to 
decompose  when  kept  for  some  time,  when  it  is  precipitated  by  heat  alone.  Thts 
is  one  of  the  best  and  most  reliable  tests  for  the  presence  of  sugar.  In  Pavy'& 
modification  of  this  test,  ammonia  is  used  instead  of  a  caustic  alkali  (%  367).] 

(3)  Bottger'a  Teal. — Alkaline  bismuth  oxide  solution  is  best  prepared,  according  10  NyUnder. 
as  follows :  2  gnns.  bismuth  subnitrate,4  grins,  potassic  and  sodic  tartrate,  loo  grms.  caustic  sod* 
of  8  per  cent.     Add  I  c.c.  to  every  10  c.c.  of  the  fluid  to  be  investigated.     When  boiled  for  several 
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minutes,  the  sugar  causes  the  reduction  and  depodts  a  black  precipilate  of  metallic  bismuth. 
[  AoeorcUng  to  Salkowski,  the  arine  of  a  person  taking  rhubarb  gives  the  same  reaction  with  this 
lest.] 

(4)  Moore  and  Heller's  Test. — Caustic  potash  or  soda  is  added  until  the  mixture  i«  strongly 
mlkaUnc  :  it  is  afterward  boiled.  If  sngttt  be  present,  a  yellow,  l>rown,  or  brownish-black  coloraiion 
is  obtained.  If  nitric  acid  be  added,  the  odor  of  burned  sugar  (caramel)  and  formic  acid  is 
obtained. 

(5)  Mulder  and  Neubauer's  Test. — A  solution  of  indigo-carmine,  rendered  alkaline  with  sodic 
carbonate,  a  added  to  the  sugar  loluiion  until  a  slight  bluish  color  is  obtained.  When  the  mixture 
is  heated,  the  color  passes  into  purple,  red,  and  yellow.  When  shaken  with  atmospheric  air,  the 
Rnid  again  becomes  blue. 

MoUsch's  Test. — To  5  c.cm.  of  the  fluid  add  2  drop!;  of  a  17  per  cent,  alcoholic  solution  of 
a-naphthol,  or  a  solution  of  thymol.  Add  1  to  2  c.cm.  of  concentrated  sulphuric  acid,  and  shake 
ihe  tnixtare.  The  presence  of  sugar  colors  the  n-naphthol  mixture  deep  violet,  the  thymol 
deep  red.  The  subsequent  addition  of  water  causes  a  precipitate  of  »milar  color,  which  is 
iaaoliible  in  concentrated  hydrochloric  acid.  Albumin,  casein  and  peptone  give  ihe  same 
reactioo  (S^fj^tn),  but  the  deposit  on  the  addition  of  water  is  soluble  in  concentrated  hydro* 
chloric  acid. 

Other  tests  are  described  in  f  266. 

Id  all  cases  where  albumin  is  present  it  must  be  removed — in  urine  by  acidulating  with  acetic 
acid  and  boiling;  in  blood,  by  ad^og  four  times  its  volume  of  alcohol  and  nfter^vard  filtering,  while 
the  alcohol  is  expelled  by  heat. 

150.  QUANTITATIVE  ESTIMATION  OF  SUGAR.— I.  By  Fermentation.— In  tlie 
glass  vessel  (Fig.  161,  a)  a  measured  quantity  (20  c.cm.)  of  the  fluid  ^st^ar]  is  placed  along  with 
aome  yeast,  while  ^  contains  concentrated  sulphuric  acid.  The  whole  ap]>ar.itus  is  then  weighed. 
When  exposed  to  a  sufTident  temperature  (10°  to  40°  C),  the  sugar  splits  into  2  molecules  of 
alcohol  and  2  of  carbon  dioxide. 

I  C,H„0.  =  2(CH^)-f       2  {CO,), 

I  Grape  Hicar  =       a  alcohol      -4-   3  carbon  diOKidc : 

isd  in  addition  there  arc  formed  traces  of  glycerine  and  succinic  acid.  The  CO,  escapes  from  6^ 
tnd  as  it  passes  through  the  H^SOt,  the  CO,  yields  to  the  latter 
its  water.  The  ap|Hiratus  is  weighed  after  two  days,  when  the 
reaction  is  ended,  and  the  amount  of  sugar  is  calcuLited  from 
Ihe  loss  of  weight  in  the  20  c.cm.  of  fluid,  too  parts  of  water- 
Tree  sugar  =^  4S.S9  parts  CO,,  or  100  parts  CO,  correspond  to 
S04.54  pons  of  sugar. 

II.  Titration, — lly  means  of  Kehting's  solution,  which  is 
made  of  such  :itrength  that  all  the  copper  In  10  cutnc  centi- 
metres of  the  solution  is  reduced  by  0.05  gramme  of  grape 
sugar  (5  267). 

III.  Clrcumpolarization. — The  !taccbirimeter  of  Soleil. 
Ventzke  maybe  used  to  determine  the  amountof  sugar  jiresent. 
It  may  also  be  used  for  the  quantitative  estimation  of  albumin. 
Sugar  rentes  the  ray  of  {tolarized  light  to  the  right  and  albumin 
to  the  left.  The  amount  of  rotation,  or  "specific  rotator^'  power,"  is  directly  proportional  to  the 
amount  of  the  rotating  substance  present  in  (he  solution,  so  that  the  amount  of  rotation  of  the  ray 

I  indicates  the  amount  of  the  sulistance  present.  By  the  term  "specific  rotatory  power"  is  meant  the 
I  degree  of  rotation  which  is  produced  by  i  grm.  of  the  substance  di!>solvcd  in  1  c.cm  of  water,  when 
examined  in  a  layer  I  decimeter  thick.  For  yellow  light  the  si>cciric  rotation  of  grape  sugar  is  -|-  56**. 
In  {-Ig.  162  the  light  from  the  lamp  fa!ls  upon  a  crystal  of  cilc-spar.  Two  Nicol's  prisms  are 
placed  at  i>  and  x.  v  is  movable  round  the  axis  of  virioa,  while  1  is  Bxed.  in  m  Soleil's  double 
[dale  of  quartz  is  placed,  so  that  one-half  of  it  rotates  the  ray  of  polarized  light  as  much  to  the  r^ht 
as  the  other  rotatci  it  to  the  left.     In  n  the  lietd  of  vision  is  covered  by  a  pUte  of  left-rotatory 

3uan/.  At  b  i  \%  the  iomffmaior^  composed  of  two  right-rotatury  prisms  of  quartz,  which  can  be 
nptaced  laterally  by  the  milled  head,^,  so  that  the  polarized  light  passing  through  the  apparaitu 
can  1«  made  to  pass  through  a  thicker  or  thmner  layer  of  (|uarti.  When  these  rijiht-rotatory  prisms 
are  placed  in  a  certain  position,  the  rotation  of  the  left-rotatory  quartz  at  n  is  exactly  neutralized.  In 
this  poMlion  the  scale  on  the  compensator  has  its  nonius  exactly  at  it,  and  both  halves  of  me  double 
plate  at  m  appear  to  have  the  some  color  to  the  observer,  who  from  v  looks  through  the  telescope 
placed  at  /.  Rotate  the  Nicol's  prism  at  v  until  a  bright  rose-coloretl  Beld  is  obtained.  In  this 
position  (he  telescope  must  be  so  adjusted  that  the  vertical  line  bounding  the  two  halves  shall  be 
distinctly  Ttsible.     The  apparatus  is  now  ready  for  use. 

FtU  a  tube,  I  decimetre  in  length,  with  urine  containing  sugar  or  albumin,  the  urine  being  per. 
fcaly  clear.  ITie  lobe  is  placed  between  m  and  n.  By  routing  the  Nicol's  prisms,  v,  the  rose 
eoior  is  again  obtained.    The  compensator  at  ^  is  then  rotated  until  both  halves  of  the  field  of  vision 
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have  exftcUy  Ihe  same  color.  When  ihia  U  oblained.  read  oh*  on  ihe  scale  the  number  of  degrees 
the  ooniut  is  displaced  to  the  right  (sugar)  or  to  the  left  (albumin)  from  zero.  The  number  of 
degrees  indicates  directly  the  number  of  grammes  of  ihc  rotating  substance  pre&em  in  lOO  c  c  of 
the  fluid.  If  the  fluid  is  very  dark  colored,  it  must  be  dccoloh/cd  by  rlUering  it  through  animal 
charcoal  (Sfeg'fH),  [or  the  coloring  matter  may  be  precipitated  by  the  addition  of  lead  acetate].  If 
the  sugary  urine  contains  albumin,  the  latter  must  be  removed  by  boiling  and  lillratioD.  A  tuToidity 
not  removed  by  hliration  may  be  got  rid  of  by  adding  a  drop  of  acetic  acid  or  several  drops  of  sodic 
carbonate  or  millc  of  lime,  and  afterward  filtering.  [One  may  also  employ  the  apparatus  of  Mtt- 
scherUch,  or  the  "half-shadow  apparatus"  of  Laurent. J 


Fig.  163. 


SeUQ^Vcattke's  Potaiiaiioa  Apruram). 


151.  MECHANISM  OF  THE  DIGESTIVE  APPARATUS.— This 

embraces  the  following  acts : — 

1.  The  introduction  and   mastication  of   the   food;    the  movements  of  the 

tongue  ;  insalivation  ;  formation  of  the  boltis  of  food. 

2.  Deglutition. 

3.  The  movements  of  the  stomach,  small  and  large  intestine. 

4.  The  excretion  of  fecal  matters. 


MASTICATION. 
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xsa.  INTRODUCTION  OF  THE  FOOD.— Fluids  are  taken  into  the 

mouth  in  three  ways:  (i)  By  suction,  the  lips  are  applied  air-tight  to  Ihe  vessel 
containing  the  fluid,  while  the  tongue  is  retracted  (the  lower  jaw  being  often 
depressed)  and  acts  like  the  piston  in  a  suction  pump,  thus  causing  the  fluid  to 
enter  the  mouth.  Herz  found  that  the  negative  pressure  caused  by  an  infant 
while  sucking  =  3  to  lo  mm,  Hg.  (2)  The  fluid  is  lapped  when  it  is  brought 
into  direct  contact  with  the  tips,  and  is  raised  by  aspiration  and  mixed  with  air  so 
as  to  produce  a  characteristic  sound  in  the  mouth.  (3)  Fluid  may  be  poured 
into  the  mouth,  and  as  a  general  rule  the  lips  are  applied  closely  to  the  vessel 
containing  the  fluid. 

Solids,  when  they  consist  of  small  particles,  are  licked  tip  with  the  lips,  aided 
by  the  movements  of  the  tongue.  In  the  case  of  large  masses,  a  part  is  bitten  off 
with  the  incisor  teeth,  and  is  afterward  brought  under  the  action  of  the  molar 
teeth  by  means  of  the  lips,  cheeks,  and  tongue. 

133.  MASTICATION. — The  articulaiion  of  tlic  jaw  is  provided  with  on  inlcrarttcular  carti- 
li^ — ihc  meniscus — which  prevents  direct  pressure  being  made  upon  the  articular  sorface  when 
the  jaws  are  encrpriically  closed,  and  which  iUo  divides  the  joint  into  two  cavities,  one  lying 
over  the  other,  liie  capsule  is  so  lax  that,  in  atlditioa  to  the  raising  and  depressing  uf  the  lower 
jaw,  it  permits  of  the  lower  jaw  being  displaced  forward,  whereby  the  meniscus  moves  with  it,  and 
covers  the  articular  surface. 

The  process  of  mastication  embraces:  (a)  The  elevation  of  the  jaw, 
accotnplished  by  the  combined  action  of  the  Temporal,  Masseter,  and  Internal 
Pterygoid  Muscles.  If  the  lower  jaw  was  previously  so  far  depressed  that  its 
articular  surface   rested  upon   the   tubercle,   it  now  iMisses  backward   tijxjn  the 

K  articular  surface. 

f  {fi)  The  depression  of  the  lower  jaw  is  caused  by  its  own  weight,  aided 
by  the  action  of  the  anterior  bellies  of  the  Digastrics,  the  Mylo-  and  Genio-hyoid 
and  Pl3t>'sma.  The  muscles  act  especially  during  forcible  o|)ening  of  the  mouth. 
The  necessary  fixation  of  the  hyoad  bone  is  obtained  through  the  action  of  the 
Omo-  and  Sterno-hyoid,  and  by  the  Stcrno-thyroid  and  Thyro-hyoid. 

When  the  articular  surface  of  the  lower  jaw  passes  forward  on  to  the  tnbercle,  the  External 
Pterygoids  actively  aid  in  producing  this  {Bfranf). 

{<)  Displacement  of  the  Articular  Surfaces.— During  rest,  when  >he 
mouth  is  closed,  the  incisor  teeth  of  the  lower  jaw  arc  within  the  arch  of  the 
tipper  incisors.  When  in  this  position  the  jaw  is  protruded  by  the  External 
Pterygoids,  whereby  the  articular  surface  passes  on  to  the  tubercle  (and,  there- 
fore, downward),  while  the  lateral  teeth  are  thereby  separated  from  each  other. 
The  jaw  is  retracted  by  the  Internal  Pterygoids  without  any  aid  from  the  posterior 
fibres  of  the  Temporals.     When  one  articular  surface  is  carried  forward,  the  jaw 

I  is  protruded  and  retracted  by  the  External  and  Internal  Pcerygoid  of  the  same 
sjrfe-  At  the  same  time,  there  is  a  transverse  movement,  whereby  the  back  teeth 
•/"the  protruded  side  are  separated  from  each  other. 
During  mastication,  the  individual  movements  of  the  lower  jaw  are  variously 
*on}bined,  and  especially  with  lateral  grinding  movements,  while  the  food  to  be 
"Masticated  is  kept  from  passing  outward  by  the  action  of  the  muscles  of  the  lips 
(Orbicularis  oris)  and  the  Buccinators,  while  the  tongue  continually  pushes  the 
Pa^niclcs  between  the  molar  teeth.  The  energy  of  the  muscles  of  mastication  is 
'^guUted  by  the  sensibility  of  the  teeth,  and  the  muscular  sensibility  of  the 
'Muscles  of  mastication,  as  well  as  by  the  general  sensibility  of  the  mucous  mem* 
^rane  of  the  mouth  and  lips.  At  the  same  time,  the  mass  is  mixed  with  saliva, 
^He  divided  particles  cohere,  and  are  formed  into  a  mass  or  bolus,  of  a  long, 
^val  shape,  by  the  muscles  of  the  tongue.  The  bolus  then  rests  on  the  back  of 
tt\c  tongue,  ready  to  be  swallowed. 

Merves  of  Mastication. — The  muscles  of  mastication  receive  their  motor  nerves  from  the 
^^otA  btaDCh  of  the  trigemiaus,  the  mylo-hjroid  and  the  anterior  belly  of  the  digastric  being  sup- 
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plied  from  tlie  &aine  source.     The  genio-,  omo-,  and  sterno-hjrold,  stemo-thyniid,  and  ibjrro-bToid 

ire  supplie<l  by  the  hypogtofKnl,  while  the  HiciAl  supplies  the  posterior  belly  of  the  digutric,  tlie 
Etylohyoid,  the  platysma,  the  liuccinator,  and  the  muscles  of  the  lips.  The  genenU  centre  for  the 
muscles  of  inuticalion  lies  in  the  medulla  oblongata  (^  367). 

When  the  mouth  is  closed,  the  jaws  are  kept  in  coa- 
Ucl  by  the  pressure  of  the  air,  as  the  cavity  of  the  moutfa 
is  rendered  free  from  air,  and  the  entrance  of  air  is  pre- 
vented anteriorly  by  the  lips,  and  posteriori/  by  the  loA 
palate.  The  pressure  exerted  by  the  air  is  from  2  to  4 
Enamel,     mm.  Ilg.  {Mftz^er  and  Donderi). 

[Effect  on  the  Circulation. — Marry  found  thai  mas- 
lication  trebled  the  velocity  of  the  blood  current  in  the 
carotid  (horse),  while  Francis  Frank  ob*enred  that  the 
circulation  of  the  brain  (in  man)  is  mcrensed ;  hence  it 
is  evident  that  mastication  implies  an  increased  sqpply 
of  blood  to  the  nerve  centres.] 
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154.  STRUCTURE  AND  DEVELOPMENT 

OF  THE  TEETH.— A  looih  is  just  a  pa[MlU  .rf  the 
mucous  tncmbrunc  of  the  gum,  which  has  undcrgooc  a 
characteristic  development.  In  iin  bimplcff  form,  ai  in 
the  tccih  of  the  lamprey,  the  conncctivetiuue  basu  i»f 
the  papilla  is  covered  with  many  layen  of  corneous  epi- 
thelium. In  human  teeth,  ftart  of  the  papilla  t>  tnns- 
foruied  into  a  layer  of  calcified  dentine,  white  the  epi- 
thelium of  the  papilla  produces  the  enamel,  the  fxng  of 
the  tooth  being  covered  by  a  thin  accenoty  layer  of 
bone,  the  crusta  petrosa  or  cement. 

The  dentine  or  ivory  which  surrounds  the  pulp  cavity 

and  the  canal  of  the  fang  (Fig.  163)  \a  very  Grm,  clastic. 

and   brittle.     Dentine,  like   the   matrix  of  bone,  when 

treated  in  a  certain  way,  presents  a  fibrillar  structure.     It 

is  permeated  by  innumerable  long,  tortuous,  wavy  tubes 

-—the  dentinal  tubules — each  of  which  communicaica 

vfith  the  pulp  cavity  by  means  of  a  fine  opening,  mad 

|)a&se.<i  more  or  less  horizontally  outward  as  far  as  tbe 

outer  layers  of  the  dentine.     The  tubules  are  bonndcd 

by  nn   extremely    resistant,    thin,   cuticular    membrane, 

•  which  strongly  resists  the  action  of  chemical  reagents. 

These  tubules  are  filled  completely  by  soft  fibres,  the  "  fibres  of  Tomes,"  which  ate  merely 

greatly  elongateil  nntl  branched  processes  of  the  odontoblasts  of  the  pulp. 

The  dentinal  tubules,  as  well  as  the  fibres  of  Tomes,  anastomose  throughoni  their  entire  extent 
I»y  means  of  fine  [processes.  As  the  fibres  approach  the  enamel,  which  they  do  not  penetrate,  some 
of  them  bend  on  themselves,  andi  form  a  loop  (Fig.  166,  c).  while  others  pass  into  the  "  inter- 
globular spaces  "  (Fig.  165)  which  are  so  abundant  in  the  outer  part  of  the  dcntioe.  The  inier- 
gloliular  spaces  are  •^mall  spaces  lioundeil  by  curved  surfaces.  Certain  curved  lines,  *'  Schreger's 
lines,"  may  be  detected  with  the  caked  eye  in  the  dentine  (f-^.,  of  the  elephant's  tusk)  running 
parallel  with  the  contour  of  the  tooth.  They  are  caused  by  uic  fact  that  at  these  parts  all  the  chief 
curves  in  the  dentinal  tubules  follow  a  similar  coursC' 

The  enamel,  the  hardest  substance  in  the  body  (resembling  apatite},  covers  tbe  crown  of  the 
teeth.  It  consists  of  hexagonal  flattened  prisms  arranged  side  by  side  like  a  palisade  (Fig.  166,  B 
and  C).  They  arc  3  to  5  ^  (soVi^  i^ch)  broad,  not  quite  uniform  in  thickness,  curved  slightly  in 
different  directions,  and,  owing  to  inequalities  of  thickness,  they  exhibit  transverse  markings.  They 
are  elongated,  calcified,  cylindrical,  epithelial  cells.     Retr.ius  described  dark  brown  lines  running 

Srallel  with  tbe  outer  boimdnry  of  the  enamel,  due  to  the  presence  of  pigment  (Fig.  163).  Tbe 
ly-formed  enamel  is  negatively  doubly  refractive  and  tiniaxial,  while  the  dereioping  enamel  is 
poMtively  doubly  refractive  (//o/>/>f'S/y/fr). 

The  cuticula  or  Nasmyth's  membrane  covers  the  free  surface  of  the  enamel  as  a  completely 
structureless  membrane  i  to  2  ^  thick,  but  in  quite  young  teeth  it  exhibilian  epithelial  stmciurc, 
and  is  derive^)  from  the  outer  epithelial  layer  of  the  enamel  organ. 

The  cement  or  crusta  petrosa  is  a  thin  layer  of  bone  covering  tbe  fang  (Fig.  167,  «).  Tbe 
bone  lacuna-  communicate  directly  with  the  dental  tubules  of  the  fang.  Haversian  canals  and 
lamcllx  are  only  found  where  the  layer  of  cement  is  thick,  and  the  former  may  communicate  with 
the  pulp  cavity.  Very  thin  layers  of  cement  may  be  devoid  of  bone  corpuscles.  Sharpcy's  fibres 
occur  in  the  cement  of  the  dog's  tooth  ;  white  in  the  horse's  tooth  single  bone  corpuscles  are 
deteloped  by  a  capsule.     In  the  periodontal  membrane,  which  u  just  the  perioActim  of  the 


TOOTH. 

alveolu*.  colls  of  blood  vnseli  zimilnr  to  the  renal  glomcnilt  occur.     They  anastomose  with  each 
other,  «n(t  are  snnroiiDded  by  a  delicate  capsule  of  connective  tissue. 

Chemistry  of  a  Tooth. — The  lecth  consist  of  a  gelatine  yielding  matrix  inliltrated  with  calcium 
pboiphatc  and  carbonate  \hke  bone),  (i)  The  dentine  contains — organic  matter,  27.70;  calcium 
|Jkisphaie  and  carbonate,  72.06;  magnesium  phosphate,  0.75;  with  traces  of  iron,  fluorine,  and 
aalpliiiric  acid. 

Fig.  165. 


Fig.  164. 
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lUit  rin|c«  are  the  walh  of  ihc 
dcBlin*!  tubul» ;  the  daHc  centre* 
«ith  the  liKht  poiDi>arc  the  fibre* 
of  Tome«Tvlnji[  in  tbe  tutmlc*. 


Intcrglobubr  spaces  In  dcBtfne. 
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^^k       Qccrtna  sf  «  tooth  betw««n  the  d«miln«  and  enamel,     a,  emuiui :  Tranivarsc  section  of  th«  bMg.  4,  cemsnt 

^^fe               c*  ifnilnwl  lubulu ;  B,  eiuitiel  prutiu  highly  magtuficd ;   C,  Iran*-  with  t»oi>e  corputcla ;  A,  dennnc    vlA 

^^1               varat  scc^oos  of  enamel  pri*ms.  tubule*;  c,  bouudary  between  both. 


(a)  The  enamel  contains  an  organic  proteid  matrix  allied  to  tbe  substance  of  epithelium.  It 
oociusCs  of  3.60  organic  matter  and  96.00  of  calcium  phosphate  and  carbonate,  1.05  magnesium 
phosphate,  with  tracei  of  calcium  fluoride  And  an  insoluble  chlorine  compound. 

(3)  The  cement  is  identical  with  bone. 

The  pulp  in  a  fully-grown  tooth  represents  the  remainder  of  the  dental  papilla  aroumi  which  the 
(lenttnc  was  deposited.  It  consists  of  a  very  vascular,  indistinctly  fibrillar  connective  tissue,  ladeu 
wkh  cells.     Tbe  layers  of  cells,  resembling  epithelium,  which  lie  in  direct  contact  with  the  ticniine, 
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ate  called  odontoblaBti,  i.  e.,  thoie  cells  which  build  up  the  dendne.    These  celU  tend  off*  . 
branched  processes  into  the  dentinni  tubules,  while  their  nucleated  bodies  lie  on  the  surface  of  the' 
pulp,  and  form  connections  by  processes  with  other  cells  of  the  pulp  and  with  ncighbonnf;  odont>^- 
Llastt.     Numerous  non  mcdnllated    nen-c  fibres  (sensory   from  the  trigeminus),  whose  tuode  of 
tcrminAtton.is  unknown,  occur  in  the  pulp. 

The  periosteum  or  periodontal  membrane  of  the  faii|;  iii,  at  the  same  time,  the  alveutar 
periosteum,  and  consists  of  connective  tissue  with  elastic  fibres  and  many  nenrcs. 

The  gums  are  devoid  of  mucnus  glands,  very  vascular,  and  often  provided  with  loi^  Vttscolir 
papilla,  which  are  sometimes  com^^wjund. 

Development  of  a  Tooth. — U  Iwgins  at  the  end  of  the  second  month  of  fcetal  life.  Along  the 
whole  length  of  the  f<i-tal  gum  is  a  thick  projecting  ridge  (Fig.  |68,  a)  composed  of  many  tayen 
of  epithelium,  A  dcprcfisioti,  the  dental  groove,  also  filled  with  epithelium,  occurs  in  the  ^um, 
and  runs  along  under  the  ridge.  The  denial  groove  becomes  deeper  ihroughout  its  entire  length, 
and  on  transverse  section  presents  the  appearance  of  a  dilated  tla^k  [h),  while  at  the  «ame  time  it  Is 
Hllcd  with  elongated  epithelial  cells,  which  form  the  "  enamel  organ."  A  conical  papilla,  the 
**  dentine  germ,"  grows  up  from  the  mucous  tissue,  of  which  the  gum  consist'^,  toward  the  enamd  J 
organ  ( Fig.  169,  c),  so  that  the  apex  of  the  papilla  comes  to  have  the  enamel  organ  resting  upon  Jcfl 
like  a  double  cap.  Afterward,  owing  to  the  development  of  connective  tissue,  the  parts  of  the 
enamel  organ  lying  between  and  uniting  the  individual  dentine  germs,  dtsa^tpear.  and  gradually  the 
connective  tissue  lorms  a  tooth  sac  enclosing  the  papilla  and  hu  enamel  organ  (</). 

Those  epithelial  cells  (Kig.  169,  3)  of  the  enamel  orgon  which  lie  next  the  top  of  the  papilla,  are 
cylindrical,  and  become  calcified  to  form  enamel  prisms.     The  layer  of  cells  of  the  diniUe  cap,  w^ 
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Fig.  168.— 4,  i>cnLil  riiliie;  h,  eiiaiiiel  iirvati:  (,  lieifinniiig  of  th«  dentine  ecrm;  tt.  first  indicauoQ  ol  die  looih  uc 
Fio.  169.— m.  Dental  ntlgc  :  t-,  ciumcTor^in  with  (1)  outer  cpdlhelitim,  (1)  middle  <(ietLtte  lajwt,  (j)  ««wiil  pThw 


cell  layer;  e,  tlentine  germ  wiUi  t>looil  vr^vcU  and  th«  Ions  09lenhU*l'<  nn  the  lurface:  •/.  loath  1 
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enamel  aerm.     Fin.  ija.~tt,  Denul  Hdi^e :  i,  eumel  ornn :  e,  dentiive  uerm  :  /,  ciumrl  -  g,  ileiiiJne :  A,  lolevw 
nd  the  }rai>ilion  of  tlic  toath  ;  4, layer  ttfodontoblatM, 


is  directed  toward  the  tooth  sac  ( 1 ).  liecoroes  flattened,  fuses,  undergoes  a  homy  transformation,  and 
becomes  the  CUticula,  while  the  cells  which  He  between  l>olh  layers  undcrgn  an  intermediate  tneta. 
morphosts,  so  that  they  come  to  resemble  the  branched  stellate  cells  of  the  mucoui  tiaue  (2),  and 
gradually  disapi^iear  altogether. 

The  dentine  is  formed  in  the  most  superficial  layer  of  the  projecting  connective  tissue  of  the 
dental  papilla,  owing  to  the  catciHcation  of  the  continuous  layer  of  odontoblast!  which  occur  there 
(Kigs.  169  and  170, 1-).  During  the  process,  fibre*  or  branches  of  these  cells  are  left  unaffected,  and 
remain  as  the  fibres  of  Tomes.  Exactly  the  same  process  occurs  as  in  the  formation  of  Itone,  the 
odontoblasts  forming  around  thcniKlvcs  a  calcified  matrix.  The  cement  is  formed  from  the  soft 
connective  tissue  of  the  dental  alveolus. 

Dentition. — Inuring  the  development  of  the  first  temporary  or  milk  teeth  a  special  coamd 
organ  (Fig.  169,  t:)  is  formed  near  these,  Imt  it  does  not  undergo  development  until  Ihe  milk  teeth 
ore  shed;  even  the  papilla  is  wanting  at  first.  When  the  permanent  tooth  begins  to  deve)ap,1l 
opens  into  the  alveolar  wail  of  the  milk  teeth  from  below.  Tbe  tissue  of  this  dental  sac  cawes 
croaion,  or  catini;  away  of  the  fang  and  even  of  the  lx>dy  of  the  milk  teeth,  without  its  blood  vessels  , 
undergoing  atrophy.  The  chief  agents  in  the  absorjilion  arc  the  amreboid  cells  of  ihe  granulaiioo 
tissue,     f  Muliinuclear  giant  cells  also  erode  the  fangs  of  the  teeth.] 

Eruption  of  the  Milk  Teeth. — The  following  is  tlie  order  in  which  the  twenty  milk  teeth  cut 
th^gum,  t\e.,  from  the  seventh  month  to  the  second  year:  Lower  central  incisors,  upper  central , 
incisors,  upper  lateral  incisors,  tower  lateral  incisors,  first  molar,  canine,  ihc  second  moutn. 
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[T1»e  6giircs  indicate  io  months  the  period  of  eruption  of  each  tooth.] 


Mobn. 


Caahm. 


24    u 


18 


Oniaa. 


Kobn. 


18 


24       13 


[Tlie  permanent  teeth  succeed  the  milk  teeth,  the  process  beginning  abont  the  s^en/A  y/ar. 
Ten  tedb  in  cncli  jaw  latcc  the  place  of  the  milk  teeth,  while  six  lecth  a])|7car  further  back  in  each 
jaw.  Thus  the  total  number  of  permanent  teeth  is  thirty-two.  As  the  sac&,  fruin  which  the  per- 
manent teeth  are  dev-clo|ie(l,  are  formed  before  birth,  they  merely  undergo  the  same  process  of 
development  as  the  temporary  teeth, only  at  a  mach  later  period.  The  last  of  the  pcnnaiient  molan 
— the  -wisdom  tooih — may  not  cut  the  jaw  until  the  irventtntth  to  ihe  ijuenty'/t/lk  year.  At  the  sixth 
year  the  Jaw  contains  the  largest  number  of  teeth,  as  all  the  temporary  teeth  are  present,  and,  in 
addition,  the  cruwns  of  all  the  permanent  teeth,  except  the  wisdom  teeth,  making  forty-eight  in  all.] 
[Eruption  of  Permanent  Teeth. — The  age  at  which  each  tooth  cma  the  gum  is  given  in 
1  jrcnrs  in  the  foUowtog  table : — 


I 


Malaob 

Bcospid. 

Caoinos. 

Indton. 

Caabiat. 

Bkupld. 

Uobrg. 

17      13 

to     to    6 

«5  n 

10     9 

11  to  12 

8778 

IJ    to    12 

9      10 

12      17 

6     to     to 

t3    as 

[Action  of  Drugs  on  the  Teeth. — All  the  conditions  for  putrefaction  are  present  in  the  mouth ; 
a»a  when  putrefaction  occurs,  the  products  (often  acid)  attack  the  dentine  and  hasten  its  decay. 
Hence,  the  neces»£y  for  thorough  daily  cleansing  of  the  teeth  and  mouth.  The  teeth  may  be 
deancd  by  means  of  a  soft  tooth  brash  and  water,  with  or  without  the  use  uf  any  of  the  numerous 
dentifrices,  such  as  powdered  chalk  or  charcoal.  Astringents,  such  as  catechu  and  areca  nut,  are 
sometimes  usci].  Mineral  acids  attack  the  teeth,  and  ought,  when  taken,  to  be  suckc<I  through  a 
tabe.] 

155.  MOVEMENTS  OF  THE  TONGUE.— The  tongue,  I>eing  a 
muscular  organ,  and  extremely  mobile,  plays  an  important  part  in  the  process  of 
naastication :  (1)  It  keeps  the  food  from  passing  from  between  the  molar  teeth. 
(2)  It  forms  into  a  bolus  the  finely  divided  food  after  it  is  mixed  with  saliva.  (3) 
When  the  tongue  is  raised,  the  bolus  lying  on  its  dorsum  is  pushed  backward  into 
the  pharynx  and  a-sophagus. 

The  course  of  the  fibres  is  threefold — /ongifuiiinalh,  from  base  to  tip:  irans- 
v^rsefy,  the  fibres  for  the  most  part  proceeding  outward  from  the  vertically  placed 
septum  lingux  ;  vertically^  from  below  upward.  Some  of  the  muscles  are  confined 
to  the  tongue  (intrinsic),  while  others  (extrinsic)  are  attached  beyond  it  lo  the 
hyoid  bone,  lower  jaw,  the  styloid  process,  and  the  palate. 

MicFoacopically,  the  fibres  are  transversely  striated,  with  a  dehcale  sarcolemma,  and  very  often 
tbcy  are  t>ranched  where  they  are  inserted  into  the  mucous  membrane.  The  muscular  bundles  cross 
each  other  in  \*arious  directions,  and  in  the  interspaces  fat  cells  and  glands  occur. 

Changes  in  form  and  position  : — 

\  1 ;  Shortening  and  broadening  by  the  longitudinal  mtiscle,  aided  by  the  hyo- 

glOSBUS. 

{2)  Eltmgation  and  narrowing^  by  the  transversus  lingux. 
(3^   The  dorsum  is  rendered  concave  by  the  transversus  and  the  simultaneous 
Ktion  of  the  median  vertical  fibres. 

(4)  Arching  of  thedorsum  :  (a)  Transversely  by  the  lowest  transverse  bundles  ; 
(*)  longitudinally,  by  the  lowest  longitudinal  muscles. 

(5)  Protrusion^  by  the  genio-glossus,  while  at  the  same  time  the  tongtie  u.sually 
becomes  narrower  and  longer  (2), 
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(6)  Retraction^  by  the  hyo-glossus  and  stylo-glossus,  and  (i)  usually  occurring  at 
the  same  time. 

(7)  Depression  into  the  floor  of  the  mouth,  by  the  hyo-glossus.  The  floor  of  the 
mouth  may  be  made  deeper  by  depressing  the  hyoid  bone. 

(8)  Elevation  of  the  tongue  toward  the  palate  :  (<z)  At  the  tip  by  the  anterior 
part  of  the  longitudinal  fibres  ;  {h)  in  the  middle  by  elevating  the  entire  hyoid 
bone  by  the  mylo-hyoid  (.N.  trigeminus)  ;  (c)  at  the  root  by  the  stylo-glossus  and 
patato-glossus,  as  well  as  indirectly  by  the  stylo-hyoid  {N.  facialis). 

(9)  Lateral  movements^  the  lip  of  the  tongue  passing  to  the  right  or  left  ;  these 
are  caused  by  the  longitudinal  fibres  of  one  side. 

Motor  Nerves.^Tbe  motor  nerve  of  the  tongue  is  the  hypoglosu].  When  thU  nerre  isdivided 
or  paralysed  on  one  sic^e,  the  tip  of  the  tungue  lying  in  the  tluor  of  the  month  is  directed  towirdtbe 
sound  side,  because  the  tonus  of  the  non-paralyzed  lon^tudinal  6bres  shortens  the  sound  sidedigfatlf. 
If  the  tongue  \x:  protruded,  however,  the  tip  uaiscs  toward  the  ^m^-z^f/ side.  This  uiscs  fitom  ibe 
direction  uf  the  genio-glossus  (from  ihe  middle  downwft.rd  and  outward),  and  the  tongue  follows  the 
direction  of  its  action.  The  tongues  of  auimaU  which  have  been  killed  exhibit  ttbritlar  cootrac- 
tions  of  the  mujicles,  sometimes  lasting  for  a  whole  day.  [Stirling  has  freqaentty  found  nerre  gaa* 
glia  in  Ihe  nervei  of  the  tongue] 

156.  DEGLUTITION.— The  onward  movements  of  the  contenU  of  the 
digestive  canal  are  effected  by  a  special  kind  of  action  whereby  the  tube  or  canal 
contracts  upon  its  contents,  and  as  this  contraction  proceeds  along  the  tube, 
the  contents  are  thereby  carried  along.  This  is  the  "  peristaltic  movement," 
or  peristalsis. 

In  the  6rst  and  most  complicated  part  of  the  ace  of  deglutition,  we  distinguish 
in  order  the  following  individual  movements: — 

(i)  The  aperture  of  the  mouth  is  closed  by  the  orbicularis  oris  {N./aaaHs). 

(2)  The  jaws  are  pressed  against  each  other  by  the  muscles  of  mastication  ( 
trigeminus),  while  at  the  same  time  the  lower  jaw  affords  a  fixed  point  for  the  action 
of  the  muscles  attached  to  it  and  the  hyoid  bone. 

(3)  The  lip,  middle,  and  root  of  the  tongue,  one  after  the  other,  are  pressed 
against  the  hard  palate,  whereby  the  contents  of  the  mouth  are  propelled  toward 
the  pharynx. 

(4)  When  the  bolu-s  has  passed  the  anterior  palatine  arch  (the  mucus  of  the  ton- 
sillar glands  making  it  slippery  again),  it  is  prevented  from  returning  to  the  mouth 
by  the  palato-glossi  muscles  which  lie  in  the  anterior  pillars  of  the  fauces,  coming 
together  like  two  side  screens  or  curtains,  meeting  the  raised  dorsum  of  the  tongue 
(Stylo-glossus). 

(5)  The  morsel  is  now  behind  the  anterior  palatine  arch  and  the  root  of  the 
tongue,  and  has  reached  the  phar)'nx,  where  it  is  subjected  to  the  successive  action 
of  the  three  pharyngeal  constrictor  muscles  which  propel  it  onward.  The  action 
of  the  superior  constrictor  of  the  pharynx  is  always  combined  with  a  horizootai 
elevation  (Levator  veli  palatini;  N.  facialis)  zwd  tension  (Tensor  vcli  palatini; 
N.  trigeminus^  otic  ganglion)  of  the  soft  palate.  The  upper  constrictor  presses 
(through  the  pterygo-pharyngeus)  the  posterior  and  lateral  walls  of  the  pharynx 
tightly  against  the  posterior  margin  of  the  horizontal,  tense,  soft  palate,  whereby 
the  margins  of  the  posterior  palatine  arches  (palato-pharyngeus)  arc  approximated. 
The  pharyngo-nasal  cavity  is  thus  completely  shut  off,  so  that  the  bolus  cannot  be 
pressed  backward  into  the  nasal  cavity. 

In  persons  with  congenital  or  acquired  defects  of  the  soft  palate,  or  cleft-palate*  during  swallow- 
tng,  food  passes  into  the  nose. 

(6)  Falk  and  Kronecker  assert  that,  by  the  energetic  contraction  of  the  muscle) 
which  diminish  the  cavity  of  the  mouth,  especially  the  mylo-hyoid.  the  bolus  ts 
*'  projected  "  through  the  pharynx  and  cesophagus.  [They  even  assert  that  the 
bolus  reaches  the  cardia  before  even  the  musculature  of  the  pharynx  or  uesophagus 
can  contract,  and  further  that  the  pharyngeal  muscles  of  a  dog  may  be  divided 
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thoat  making  swallowing  impossible.]  If  wc  make  a  series  of  efforts  to  swallov, 
ne  after  the  other,  as  in  drinking,  contraction  of  the  pharynx  and  oesophagus  lakes 
Ucc  only  after  the  last  effort.  Thus  each  new  act  of  deglutition  in  the  mouth 
fthibits  (by  stimulation  of  the  glosso-pharyngeal  nerve)  the  movements  in  the  parte 
a  the  (esophageal  tube  situated  below  it. 

(7)  The  bolus  is  propelled  onward  by  tlie  successive  contraction  of  the  up[jer, 

iddle,  and  lower  constrictors  of  the  pharynx  until  it  passes  into  the  (.esophagus. 
X  the  same  time  the  entrance  to  the  glottis  is  closed,  else  the  morsel  would  pass 

to  the  larynx,  or,  as  is  generally  said,  would  '*  pass  the  wrong  way." 

Duration. — .\ccording  to  Meltzer  and  Kroneck«r,  the  duration  of  deglutition  in  the  mouth  Is 
,3  »ec.  :  ihen  the  constriciors  of  the  pharynx  contract  0.9  sec;  afierwanl.the  upper  part  of  the 
■opbagus ;  then  after  i.S  sec.  the  middle;  and  after  another  3  sec.  the  lower  con^tricttir.  The 
kjBura  of  ihc  cardia.  after  the  entrance  of  the   boitu  into  the   stomach,  is  the  final  acl  in  the  total 

lies  of  movcnients. 

Sounds  during  Deglutition. — If  the  region  of  the  stomach  be  auscultated  during  the  act  ot 
MlIowtBg,  twn  sounds  may  be  heard ;  the  Bnt  one  i-i  produce<t  when  the  tiolus  ii  projected  into  the 
DfBacb:  the  second  occurs  when  (he  i^erisialsi'i.  which  takes  place  at  the  end  of  swallowing, 
peczes  the  contents  of  the  lesophagua  tliruu^b  the  cardia  [Mel/ztr,  Zenker,  EtvoU).  [The  latter 
Xur«  4-5  mins.  afterward.     In  man,  when  water  alone  is  swallowed,  there  is  no  sound,  but  when 

u  mixed  with  air  there  is,  and  it  is  generally  heard  because  air  is  ttsufttly  swallowed  with  the  food 

drink  {Quimke).'] 

The  closure  of  the  glottis  is  effected  in  the  following  manner  :  {a)  The  whole 
irynx — the  lower  jaw  being  fixed — is  raised  upward  and  forward,  while  at  the 
Wt»e  time  the  root  of  the  tongue  hangs  over  it.  The  hyoid  bone  is  raised  forward 
od  upward  by  the  genio-hyoid,  anterior  belly  of  the  digastric,  and  tnylo-hyoid  ; 
ihc  larj'nx  is  approximated  close  to  the  hyoid  bone  by  the  thyro-hyoid.  (^)  When 
be  larynx  is  raised,  so  that  it  comes  to  lie  below  the  overhanging  root  of  the 
mgaCi  the  epiglottis  is  pressed  downward  over  the  entrance  to  the  glottis,  and 
le  boltjs  passes  over  it.  The  epiglottis  is  also  pulled  down  by  the  special  muscular 
bres  of  the  reflector  epiglottidis  and  aryepiglotticus.  (c)  The  closure  of  the  glottis 
ijr  the  constrictors  of  the  larynx  also  prevents  the  entrance  of  substances  into  the 
krynx  (§313,11,  3). 

Injury  to  the  Epiglottis. — Intentional  injury  uf  the  epii^loltis  in  animals  or  iti  destruction  in 
U),  may  cause  fluid*  to  "go  the  wrong  way."  i.  /..into  the  jjlotiis,  while  solid  food  can  be 
Rrallowed  without  disturtnince.  In  doys,  colored  fluids  placcil  on  the  root  of  the  tongue  have  been 
(faaerred  to  pass  directly  into  the  pharynx  withoat  coming  into  contact  with  it,  so  as  to  tinge  the 
ippcr  surface  of  the  epiglottis  {MagenJlt).  [Tlie  basis  of  the  epiglottis  Is  yellow  elastic  cartilage, 
» that  It  shows  no  tendency  to  os&ify,  and  always  reuins  its  elasticity  {\  313)1 

In  order  that  the  descending  bolus  may  be  prevented  from  carrying  the  pharynx 
with  it,  the  stylo-pharyngeus,  salplngo-pharyngeus,  and  baseo-pharyngeus  contract 
upward  when  the  constrictors  acl. 

Nervous  Mechanism. — Deglutition  is  voluntary  only  during  the  time  the 
bolus  is  in  the  mouth.  When  the  food  passes  through  the  palatine  arch  into  the 
gullet  the  act  becomes  involuntary,  and  is,  in  fact,  a  well-regulated  reflex  action. 
\Vlicn  there  is  no  boltts  to  he  swallowed,  voluntary  movements  of  deglutition  can 
be  accomplished  only  within  the  mouth  ;  the  pharynx  only  takes  up  the  move- 
writ,  provided  a  bolus  (food  or  saliva)  mechanically  excites  the  reflex  act.  The 
ififercnt  nerves,  which,  when  mechanically  stimulated,  excite  the  involuntary  act 
(>t deglutition,  are,  the  palatine  branches  of  the  trigeminus  (from  the  spheno-pala- 
tiitc  ganglion)  and  the  pharyngeal  branches  of  the  vagus.  The  centre  for  the 
8eT?es  concerned  (for  the  striped  muscles)Iies  in  the  superior  olives  of  the  medulla 
^ngata.  Swallowing  can  be  carried  out  when  a  person  is  unconscious,  ur  after 
desroclion  of  the  cerebrum,  cerebellum,  and  pons  (§  367,  6).  [K.ven  in  the 
MCpcoma  of  alcoholism,  the  tube  of  a  stomach  pump  is  carried  into  the  stomaLh 
ffleily,  provided  the  surgeon  passes  it  bark  into  the  pharynx.]  The  nerves  of 
•^pharynx  are  derived  from  the  pharyngeal  plexus,  which  receives  branches 
'wttthe  vagus,  gloswo-pharvngeal  and  sympathetic  (§  35a,  4), 
18 
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Within  the  cesophagus,  whose  stratified  epitheUum  is  moistened  with  th« 
mucus  derived  from  the  mucous  glands  in  its  walls,  the  downward  movement  is 
involuntary,  and  depends  upon  a  complicated  reflex  movement  discharged  from 
the  centre  for  deglutition.  There  is  a  i>enstaltic  movement  of  the  outer  longitu- 
dinal and  inner  circular  non-striped  muscular  fibres. 

In  ihe  upper  part  of  the  a-soph^DS,  which  contains  striped  muscular  (ibres,  the  peristalsis  takes 
place  more  quickly  than  in  the  lower  part.  The  movements  of  the  ireophaj^us  never  occur  inde- 
pendently, but  arc  always  the  continuntion  of  n  foregoing  act  of  deglutition.  If  food  be  introduced 
into  the  cesophagiis  through  a  bole  in  iu  wall,  there  it  lies;  and  it  is  only  carried  downward  when 
a  muverocnt  to  swallow  15  made.  The  peristalsis  extends  along  the  whole  length  of  the  cesopbAgus, 
even  when  it  is  ligatured  or  when  a  part  of  it  is  removed  (Afojso).  Ifa  dog  be  allowed  to  swallow 
a  piece  of  flesh  Ited  to  a  string.  So  tlint  the  ne^h  goes  half-way  down  the  rcftophagus,  and  if  the  flesh 
be  withdrawn,  the  peristalsis  siil)  passes  downward  (C.  Ludzeig  anJ  tPt/J). 

The  motor  nerve  of  the  cESophagus  ih  the  vagus  (not  the  Eccc»K)r>-  librcs)  [re«ophageat,  w1iu«e 
branches  have  nuraerou.s  sniall  gant;!!.-!  in  their  course].  After  it  is  divided,  the  food  lodges  in  the 
lower  part  of  the  nesopbagus.  Very  large  and  very  small  mav^cs  arc  vwatluwed  with  mote  difficulty 
than  those  of  moderate  ^i/e.  Dugs  catL^wallow  on  olivc-shapcd  bmly  weighted  with  a  counterpoise 
of  450  ^TAOimcs  [A/ossif).  When  tbe  thorax  is  greatly  distended,  as  in  Miiller's  experiment,  oc 
greatly  diminished,  as  in  Valsalva''s  experiment  ({  60),  deglutition  is  rendered  more  dimcult. 
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OolU's  Experiments. — The  rrtophagos  and  stomach  of  the  frog  become  more  exciial>le,  1.  f^ 
the  excitability  of  the  ganglionic  plexuses  in  their  walls  is  incressed,  when  the  brain  and  spinal  cord 
or  both  vagi  are  destroyed.  These  organs  contract  energetically  after  slight  stimulation,  while  frogs, 
whose  central  nervous  system  is  intact,  swallow  fluids  simply  by  peristalsis.  Females,  and  some- 
limes  men  also,  sulTering  from  hysteria,  not  unfrctiuently  have  similar  spasmodic  contrmciioiu  of  the 
oesophageal  region  (globus  hystericus).  After  section  of  both  vagi  in  the  dog,  SchifT  otjserved 
spasmodic  contraction  of  the  cesophagus. 

Effect  00  Circulation.— Every  time  one  swallows,  the  heart's  action  is  accelerated,  the  blood 
pressure  falls,  the  nccesiity  for  respiration  diminishes,  while  many  movements  (lalwr  pains,  erection) 
are  inliibiled.     These  effects  .ire  Uought  alxiut  rcflexly  (AVotwc/^  am^  Aff/fyrr,  \  369). 

[Structure  of  tbe  (£sopha^B. — The  walls  of  the  cesophagus  are  composed  of  four  coats — 
mucous,  submucous,  muscular,  and  fibrous  (big.  171). 

(i)  The  mucous  coat  is  lirm,  and  is  thrown  into  lontntudinal  folds,  which  disappear  when  the 
lul>c  is  distended.  It  is  lined  by  several  layers  of  stratified  squamous  epithelium.  Tbe  mem- 
brane itself  i*  composed,  efcptcially  at  its  inner  pari,  of  dense  libruiis  tissue,  which  |>rojeC1s,  in  (be 
form  of  papillee,  into  the  itraiified  epithelium.  The  papdl.t-  areprewrutiu  the  child,  but  are  targesl 
in  old  peoitte.  At  its  oulcr  part  is  a  continuous  longitudinal  layer  of  non>striped  muscle,  the 
muscularts  mucosc.  The  layer  coosists  uf  small  bundles  of  non-striped  muscle  scparatei' 
each  other. 
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( 2)  The  sub-mucous  coat  is  thicker  than  the  foregoing,  aud  consists  of  loose  connective  tissue, 
with  the  acini  of  small  mucous  glands  imbedded  in  it.  The  ducts  pierce  the  musculsris  mucosae  to 
open  on  the  inner  surface  of  the  tube. 

(3)  The  muscular  co«i  consists  of  an  i«»wr,thicker,circular,  and  on  euUr^  thinner,  tongiludina) 
larerof  non-^lripeii  mu>elc,  commencing  nn  a  level  with  the  cricoid  cartilage.  In  man  the  upper  thitd 
of  ihe  (*nllet  consists  of  striped  muscuUr  titires.  (4)  Outside  the  musculai  coat  is  a  layer  of  fibrous 
tissue  with  elaMic  fibres.  The  structure  of  the  muscuUr  coat  of  ibe  cesopbogus  varies  much  in 
different  animals.  In  ihe  mbUt,  in  the  first  quarter  of  its  length,  it  has  two  layers,  but  l>e1ow  this 
there  are  three  Isyere,  t.  c,  acircoUr  iMtweeo  an  outer  and  an  inoer  longitudinal  layer,  while  the 
non-slriped  fibres  are  confined  to  the  lowest  quarter  of  the  tube.] 

[Nerve  Plexuses. — As  in  the  intestine,  there  are  two  (Nexuses  of  nerves  with  ganglia ;  one  in 
the  auh-roucous  coat  {Afeissrur't)  and  the  other  between  the  two  muscular  coats  (Auir^acA^x)^ 
which  are  continuous  with  those  in  the  Moinacb  oikI  intestine.  Blood  vessels  and  nnmeroos  lymph- 
atics lie  in  the  mucous  and  aub<mucous  coals.] 

157.  MOVEMENTS  OF  THE  STOMACH.— Position.— When  the 

stomach  is  empty,  the  great  curvature  is  directed  downward  and  the  lesser 
upward  ;  but  when  the  organ  is  full,  it  rotates  on  an  axis  running  horizontally 
through  the  pylorus  and  cardia,  so  that  the  great  curvature  appears  to  be  directed 
to  the  front  and  the  lesser  backward. 

Arrangement  of  the  Muscular  Fibres. — The  non-striped  muscular  fibres  of  the  stomach  are 
smngcd  m  three  directions  ur  layers,  an  outer  longitudinsl  continuous  with  those  of  the  ccso. 
phaeiu.  This  layer  is  best  developed  along  the  curv-atures,  especially  the  lesser.  At  the  pylorus 
the  fibres  form  a  thick  layer,  and  become  continuous  with  the  longitudinal  fibres  of  the  duodenum. 
The  circular  fibres  form  a  complete  layer;  at  the  pylorus  they  are  more  numerous,  and  constitute 
the  sphmcter  muscle  or  pyloric  valve  ;  while  at  the  cordis  (inlet),  such  a  muscular  ring  is  aliseut. 
Tbe  innennost  oblique  or  diat^onal  layer  is  complete. 

The  Movements  of  the  Stomach  arc  of  two  kinds — (i)  The  rotatory  or 
churning  movcmcnis,  whereby  the  parts  of  the  wall  of  the  stomach  in  contact 
with  the  contents  glide  to  and  fro  with  a  slow  rubbing  movement.  Such  move- 
ments seem  to  occur  periodically,  every  period  lasting  several  minutes  {B^aumo/U). 
By  these  movements  the  contents  are  moistened  with  the  gastric  juice,  while  the 
masses  of  food  are  partly  broken  down.  The  formation  of  hair  balls  in  the 
stomach  of  dog^  and  oxen  indicates  that  such  rotatory  movements  of  the  contents 
of  the  stomach  take  place,  (a)  The  other  kind  of  movement  consists  in  a  periodi- 
cally occurring  peristalsis,  whereby,  as  with  a  push,  the  first  dissolved  portions 
of  the  contents  of  the  stomach  arc  forced  into  the  duodenum.  They  begin  after 
a  quarter  of  an  hour,  and  recur  until  about  five  hours  after  a  meal.  This  peri- 
stalsis is  most  pronounced  toward  the  pyloric  end,  and  the  muscles  of  the  pyloric 
sphincter  relax  to  allow  the  contents  to  pass  into  the  duodenum.  According  to 
Kiidingerr  the  longitudinal  muscular  fibres,  when  they  contract,  especially  when 
the  pyloric  end  is  filled,  may  act  so  as  to  dilate  the  pyloras. 

Oixaard. — The  strongly  muscular  walls  of  the  stomach  of  grain-eating  birds  cfTcct  a  trituration 
of  the  food.  The  older  phystologiits  found  that  gloiji  balls  aud  lead  tut^es,  wliich  could  be  com- 
pressed only  by  a  weight  of  43  kilos,  were  hrolcen  or  compressed  io  the  stomach  ofs  turlcey. 

Influence  of  Nerves. — [The  stomach  is  supplied  by  the  vagi  and  by  the 
sympathetic,  the  right  vagus  being  distributed  to  the  posterior  surface,  and  the 
left  to  the  anterior  surface,  of  the  organs.]  Auerbach's  ganglionic  plexus  of 
nerve  fibres  and  nerve  cells,  which  lies  between  the  muscular  coats  of  the  stomach, 
mtjst  be  regarded  a5  its  proper  motor  centre,  and  to  it  motor  impulses  are  con- 
ducted by  the  vagi.  Section  of  both  vagi  does  not  abolish,  but  it  diminishes 
the  movements  of  the  stomach.  The  muscular  fibres  of  the  cardia  may  be  excited 
to  action,  or  their  action  inhibited  by  fibres  which  run  in  the  vagus  (Nn.  con- 
strictores,  et  dilatator  cardia*).  [If  the  vagi  be  divided  in  the  neck,  there  is  a 
short  temporary  spasmodic  contraction  of  the  cardiac  aperture.  On  stimulating 
Ihe  peripheral  end  of  the  vagus  with  electricity,  after  a  latent  period  of  a  few 
ticcondsi  the  cardiac  end  contracts,  more  especially  if  the  stomach  be  distended, 
bat  the  movements  are  slight  if  the  stomach  be  empty.     In  curarized  dogs,  the 
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pylorus  contracts  with  varying  intensity,  and  irregularly  whether  the  vagi  and 
sptanchnics  be  intact  or  divided.  Stimulation  of  the  vagi  in  the  neck  causes  con- 
traction of  the  pylorus,  when  the  latent  period  may  be  seven  seconds.  Stimula> 
tion  of  the  splanchnics  in  the  thorax  arrests  the  spontaneous  pyloric  contractions, 
the  left  splanchnic  being  more  active  than  the  right  (C?J^^).] 

Local  eleclrical  stimulation  of  the  surface  of  the  stomach  causes  circular  coiistridioiu  of  the 
ui^n.  which  disappear  very  gradually,  while  the  movcuicm  is  often  projiagatcd  Lo  other  pan&  of  the 
gastric  wall.  When  heated  to  35°  C,  the  cxciifd  empty  stomach  cxhiliiis  movements.  Injury  10 
the  pedunculi  cerebri,  optic  thalamus,  medulla  oblongata,  and  even  to  the  cervical  part  of  (he  spinal 
cord,  according  to  SchifF.  cnuses  paralysis  of  Ihc  vessels  of  certain  areas  of  the  stomach,  resulting 
in  congestion  aod  sut)scqiitcnt  hemorrhage  into  [he  mucous  membrane.  [It  is  no  UDCoiumon  occur- 
rence to  tind  hemorrhage  into  the  gastric  mucous  membrane  of  rabbits,  after  tbejr  have  been  killed 
by  a  violent  blow  on  the  head.] 

[Action  of  Drugs. — The  automatic  ctntres  art  excited  by  cmelin,  apomorphtn,  Urtar  emetic, 
while  muscarin  causes  general  contraction  of  the  stomach,  'ihe  activity  of  the  automatic  centre* 
is  diminished  by  chloral,  urcthan,  morphin,  and  nicotin,  while  atropin  causes  paralysis  of  the  nerve 
endings  (£".  Schiitz).^ 

158.  VOMITING. — Mechanism. — Vomiting  is  caused  by  contraction  of 
the  walls  of  the  stomach,  the  pyloric  sphincter  being  closed.  It  occursmost  readily 
when  the  .stomach  is  distended — (dogs  usually  greatly  distend  the  stomach  by 
swallowing  air  before  they  vomit) ;  it  readily  occure  in  infants,  in  whom  the  cul- 
de-sac  at  the  cardia  is  not  developed.  It  is  quite  certain  that  in  children  vomiting 
occurs  through  contraction  of  the  walls  of  the  stomach,  without  the  spasmodic 
action  of  the  abdominal  walls.  When  vomiting  is  violent,  the  abdominal  muscles 
act  energetically.  [The  act  of  vomiting  is  generally  preceded  by  a  feeling  of 
nau.sea,  and  usually  there  is  a  rush  of  saliva  into  the  mouth,  caused  by  a  reflex 
stimulation  of  afferent  fibres  in  the  gastric  branches  of  the  vagus,  the  efferent  nerve 
for  the  secretion  of  saliva  being  the  chorda  tyrapani.  After  this  a  deep  inspiration 
is  taken  and  the  glottis  closed,  so  that  the  diaphragm  is  firmly  pressed  downward 
against  the  abdominal  contents^  and  it  is  kept  contracted  ;  the  lower  ribs  are 
pulled  in.  The  diaphragm  being  kept  contracted  and  the  glottis  closed,  a  violent 
expiratory  effort  is  made,  so  that  the  contraction  of  the  abdominal  muscles  acts 
upon  the  abdominal  contents,  the  stomach  being  forcibly  compressed.  The 
cardiac  orifice  is  opened  at  the  same  time,  and  the  contents  of  the  stomach  are 
ejected.  The  chief  agent  seems  to  be  the  abdominal  compression,  but  the  walls 
of  the  stomach  also  help,  though  only  to  a  slight  extent.] 

The  contraction  of  the  walls  of  the  stomach,  which  causes  n  geD«ral  diminution  of  the  gastric 
cavity,  is  not  a  true  anti-|>eristalsis,  as  can  be  seen  in  the  stomach  when  it  is  exposed.  The  cardia 
is  opened  by  the  longitudinal  muacular  fibres,  which  pull  toward  the  lower  orifice  of  the  cesophagux, 
so  that  when  the  stomach  is  full  they  must  act  as  dilators.  The  act  of  vomiting  is  preceded  by  a. 
ructus-like  dilating  movement  of  the  intra-thuracic  part  of  the  oesophagus,  which  is  caused  thus: 
The  glottis  is  closed,  inspiration  occurs  suddenly  and  violently,  whereby  the  (esophagus  is  distended 
by  gases  preceding  from  the  stomach.  The  larynx  and  hyoid  bone,  by  the  combined  action  of  the 
genio-hyoid,  sterao-byoid,  stemo-thyroid,  and  thyro-hyoid  muscles,  are  forcibly  polled  forward,  so 
that  the  air  passes  from  the  pharynx  downward  into  the  upper  section  of  the  u^soph^us.  If  the 
abdominal  walls  contract  suddenly,  and  if  this  sudden  impulse  be  aided  by  the  movements  of  the 
stomach  itself,  the  contents  of  Ihc  stomach  are  forced  outward.  During  continued  vomtttng,  anti* 
peristalsis  of  the  duodenum  may  occur,  whereby  bile  passes  into  the  stomach,  and  becomes  mixed 
with  its  conlenis. 

Children,  in  whom  the  fumlus  is  absent,  vomit  more  eo^ly  than  adults.  [In  them  also  (he 
nervous  system  is  more  excitable.] 

Influence  of  Nerves. — The  centre  for  the  movements  concerned  in  vomiting 
lies  in  the  medulla  oblongata,  and  is  in  relation  with  the  respiratory  centre,  a.s  is 
shown  by  the  fact  that  nausea  may  be  overcome  by  rapid  and  deep  respirations. 
In  animals,  vomiting  may  be  inhibited  by  vigorous  artificial  respiration.  On  the 
other  hand,  the  administration  of  certain  emetics  prevents  the  occurrence  of 
apncea. 

In  vomiting,  the  afferent  impulse*  may  be  discharged  from  (1)  the  mucous 
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membrane  of  the  soft  palate,  pharynx,  root  of  the  tongue  {ghsso-pharyngcai  nerve), 
as  in  tickling  the  fauces  with  the  finger  ;  (2)  the  nerves  of  the  stomach  {vagus  and 
sympathetic)  ;  { 3)  stimulation  of  the  uterine  nerves  (pregnancy) ;  (4)  the  mesenteric 
nerves  (innammation  of  the  abdomen  and  hernia) ;  (5)  nerves  of  the  urinary 
apparatus  (passing  a  renal  calculus)  ;  (6;  nerves  to  the  liver  and  gall  duct  (vagus); 
(7)  nerves  to  the  lungs  in  phthisis  {vagus).  Vomiting  is  also  produced  by  t/irec/ 
stimulation  of  the  vomiting  centre.  [The  efferent  impulses  are  carried  by  the 
phrenics  (diaphragm),  vagus((:csophagus  and  stomach),  and  in tercostals  (abdominal 
muscles).] 

Vomiting,  produced  by  the  thought  of  somethiDg  disagreeable,  appears  to  be  cauied  by  the  con- 
dnctioo  of  the  excitement  from  the  cerebrum  to  the  vomiting  centre.  [It  may  also  be  excited 
through  the  ^rain  by  a  diia^reeabte  smell,  !thockin|;  sight,  or  by  other  impressions  on  the  nerves  of 
special  senRe.]  Vomiting  is  vc-ry  common  in  iliscajtes  of  the  brain  [tubercle,  inflammation,  hemor- 
rbaKc].     Section  of  both   vagi  generally,  bin  not  always,  prevents  vnmiling. 

Emetics  act  (1)  partly  by  mechanically  ur  chcniically  stimulating  ihc  ends  of  the  centripetal 
(afferent)  nervcsof^the  mucous  membrane.  [The»c  are  /im-ii/ emcticB.]  Tickling  the  fnuce«,  touch- 
ing the  surface  of  the  exposed  <itomach  (dug) ;  and  many  chemical  emetics,  f.^.,  mustard,  cupric 
and  zinc  nilphate,  and  other  metallic  luilts,  act  in  this  way.  (2)  Other  substances  cause  vomiting 
when  they  are  introduced  into  the  blood  (without  being  first  introduced  into  the  stomach),  and  act 
directly  upon  the  vomiting  centre,  <',^.,  a[>oniocphin.  (These  are /^rtcnrV  emetics.]  (3)  Lastly, 
there  are  some  subrtances  which  act  in  both  ways,  e.g.,  tartar  emetic.  Emetics  may  also  remove 
mucus  from  the  lungs,  and  in  this  case  it  is  probable  that  the  emetic  acts  upon  the  respiratory 
centre,  and  so  favors  the  respirations.  The  x''''*"'''^  emetics  usually  create  considerable  depression, 
while  the  vomiting  lasts  longer  than  with  local  emetics.  The  former  increase  the  salivary,  gastric, 
and  resjnrntury  itrcrclions. 

[Uaet  of  Emetics. — Emetics  are  osefu]  not  only  for  removing  from  the  stomach  any  offending 
tiody,  be  it  a  poison  or  the  producu  of  imperfect  or  perverted  gastric  digestion,  or  bile  which  has 
piuaed  back  jnio  the  stomach,  but  foreign  bodies  impacted  in  the  oesophagus  may  be  got  rid  of  on 
exciting  vomiting  by  the  subcutaneous  injection  of  aponiorphin.  As  the  diaphragm  contrsctx  vigor- 
ously during  vomiting,  it  compresses  the  liver,  and  thu^  Inle  is  cx{ielled  into  the  duodenum,  or  the 
pas&agc  of  a  small  calculus  along  the  bile  duct  may  be  aided.  They  also  are  useful  in  removing 
mucus  or  false  membranes  from  the  respiratory  passages.] 

[Anti-Emetics. — Votniiing  may  l»e  allayed  by  /or,j/  antiemetics,  such  as  ice,  and  many  chemi- 
cal substances,  such  a^  bismuth,  hydrocyanic  acid,  opium,  and  morphia,  as  well  as  by  j^enera/  lemc 
dies  which  act  on  the  vomiting  centre.  Some  of  the  foregomg  <trugs  perhaps  act  both  locally  and 
generally.] 

Vomiting  is  analogous  to  the  procetiof  nimtnationin  animals  that  chew  the  end  ({  1 87).  Some 
persons  can  empty  ihcir  stomach  in  xh\s  way. 

J59.  MOVEMENTS  OF  THE  INTESTINE.— Peristalsis.— The 
best  example  of  iK'rialaltic  movements  is  afforded  by  the  small  intestine  ;  the  pro- 
gressive narrowing  of  the  tube  proceeds  from  above  downward,  thus  propelling 
the  contents  before  it.  Frequently  after  death,  or  when  air  acts  freely  upon  the 
gut,  the  peristalsis  develops  at  various  parts  of  the  intestine  simultaneously, 
whereby  the  loo[>s  of  intestine  present  the  appearance  of  a  heap  of  worms  creep- 
ing among  each  other.  The  advance  of  new  intestinal  contents  again  increases 
the  movement.  In  the  large  intestine,  the  movements  are  more  sluggish  and  less 
extensive.  The  peristaltic  movements  may  be  seen  and  felt  when  the  abdominal 
walls  arc  very  thin,  and  also  in  hernial  sacs.  They  are  more  lively  in  vegetable 
feeders  than  in  camivora.  The  pcn^^talsis  is  perha[>s  conducted  directly  through 
the  muscular  substance  itself,  as  in  the  heart  and  ureter.  The  movements  of  the 
stomach  and  intestine  cease  during  sleep  {Busch). 

[Rale  of  Motion.— In  a  Thiry-Velly  fmula  {\  183,  I!)  Fubini  estimated  the  rate  of  motion  of  a 
amooth  sphere  of  scaling  wax.  It  took  55  sec.  lo  travel  I  ctm.  [|  in.];  an  induction  current 
greatly  increases  the  motion,  to  I  ctm.  in  10  seconds ;  NaCI  does  not  anect  it,  but  excites  secretion  ; 
huidaQum  paralyzes  it.] 

Method  of  Observation, — Open  the  alxlomen  of  an  animal  under  a  .6  per  ceol.  saline  solution 
to  prevent  the  c\j)oture  of  the  gut  to  air  {Samtrrs  amt  Braam-ffaMii^ttst). 

The  ileo-coUc  valve,  as  a  rule,  prevents  the  contents  of  the  large  intestine 
from  passing  backward  into  the  small  intestine. 
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When  fluid  is  slowly  introdaced  into  the  rectum  ihruugb  a.  tube,  U  passes  upward  imo  the  iatt%- 
tine,  and  even  i^ocs  through  the  ileo-colic  valve  into  the  small  intcMinc.  Muscarin  excites  very 
lively  pcristaUts  of  the  intestines,  which  may  be  set  aside  by  alropin  {Schmiedebrrg  and  Koffie). 

Pathological. — When  any  condition  excites  an  acute  inflammalion  of  llie  intolinal  maooiu 
membrane,  catarrh  is  rapidly  produced,  and  very  strong;  contracTions  of  the  inflamed  parti  6Ued  willt 
food  lake  place.  When  these  parts  of  (he  gut  become  empty,  the  movements  are  not  strof^er  than 
normal.  If  new  material  passes  into  the  inflamed  part,  the  perisuUis  recurs,  becomes  more  lively 
than  normal,  and  the  result  is  diarrhcea  (NotAnagel).  Sometimes  a  creatly  contraacd  pan  of  (bt 
small  intestine  i»  pushed  into  the  piece  of  gut  directly  continuous  with  ttt  giving  riK  to  inraffina- 
tion  or  intussusception. 

Anti-peristalsis,  f.  ^.,  a  mo\Tmcnt  which  travels  in  an  upward  direction  toward  the  stomach. 
docs  not  occur  normally.  This  has  been  inferred  from  the  fact,  that  in  cases  where  the  intestine  if 
occluded,  called  ileus,  fecal  matter  is  vomited.  Nothnn^^cl's  expcnmenl.s  throw  doubts  upon  this 
view,  as  lie  failed  to  observe  anti-peristalsis  in  cases  where  the  intestine  was  occluded  artiBcially. 
The  fecal  odor  of  the  cjccta  may  rcsull  from  the  prolonged  retention  of  the  niatcriAl  within 
small  intestine. 

i6o.    EXCRETION    OF    FECAL    MATTER.— The  contenls  of 
small  intestine  remain  in  it  about  three  hours,  and  about  twelve  hours  in  the  large 
intestine,  where  they  become  less  watery,  and  they  assume  the  characters  of  fasces, 

Kn;.  172. 


B 


^^"■r'^w--' 


.0 


---^r 


\^' 


.1 
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become  "  formed  "  in  the  lower  part  of  the  great  intestine.  The  feces  are  gr**^ 
ually  carried  along  by  the  peristaltic  movement,  until  they  reach  a  point  a  JiC*' 
above  that  part  of  the  rectum  which  i.s  surrounded  by  both  sphincters,  the  inter **^ 
sphincter  consisting  of  non-striped,  and  the  external  of  striped  muscle. 
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Ininicdiaiely  after  the  expulsion  of  the  fseccs  the  external  sphincter  (Fig.  173, 
S.  and  Fig.  173)  usually  contracts  vigorously,  and  remains  so  for  some  time. 
Afterward  it  relaxes,  when  the  elasticity  of  the  parts  surrounding  the  anal  opening, 
particularly  of  the  two  sphincters,  suffices  to  keep  the  anus  closed.  In  the  inter- 
val between  two  evacuations,  there  does  not  seem  to  be  a  continued  tonic  con- 
traction of  the  sphincters.  As  long  as  the  fitces  lie  above  the  rectum,  they  do  not 
excite  any  conscious  sensations,  but  the  sensation  of  requiring  logo  to  stool  occurs 
when  the  fasces  pass  into  the  rectum.  At  the  same  time,  the  stimulation  of  the 
sensory  nerves  of  the  rectum  causes  a  reflex  excitement  of  the  sphincters.  The 
centre  for  these  movements  (Budge's  centrum  ano-spiiiale)  lies  In  the  lumbar  region 
of  the  spinal  cord  (§  362);  in  the  rabbit  between  the  sixth  and  seventh,  and  iti 
the  dog  at  the  fifth  lumbar  vertebra  {Masius). 

Fig.  173. 
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I.«va(or  ant  ami  «phincicr  ani  eiicmu*. 

I  rt  ftnimals  whoM  spifial  ct)rd  is  divided  aliove  the  centre,  a  slight  couch  in  the  rct^ion  of  the  anus 

*^*"*<5thU  orifice  Id  conlract,  but  after  this  lively  rcllcx   contraction,  ihc  sphinctera  relax  a^ain,  and 

^^fr*  aous  may  rcmaio  open  for   a   time.     This  occurs  because  the  voluntary  impulses  which  proceed 

Ipont  the  brain  to  cause  the  contraction  of  the  external  sphincter  are  absent.    Landots  ob&crved  that 

|lb  ^og*  with  the  posterior  roots  of  their  lower  lumbar  and  aacral  ner%'es  divided,  the  anus  remained 

^'en,  and  nol  unfreijuently  a  mass  of  fxces  remained  half  ejected.  As  the  sensibility  of  the  rectum 

^<1  uius  was  aboliiihed  in  these  animals,  the  sphincters  could  not  contract  redexly,  nor  could  there 

■  ^  uiy  voluoiaiy  contiactioD  of  the  sphincters,  the  result  of  sensory  impulses  from  the  rectum. 

V  The  external  sphincter  can  be  contracted  vo/untari/y^  like  any  voluntary  muscle, 
wii  the  closure  of  the  anus  can  only  be  effected  up  to  a  certain  degree.  When 
tbe  pressure  from  above  is  very  great,  the  energetic  peristalsis  at  last  overcomes 
the  strongest  voluntary  impulses.     Stimulation  of  the  peduncles  of  the  cerebrum 
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and  of  the  spinal   cord    below  this   point  causes  contraction  of  the   external 

sphincter. 

Defecation. — The  evacuation  of  the  ffficcs,  which  in  man  usually  occure  at 
certain  times,  begins  with  a  lively  peristalsis  of  the  large  intestine,  which  passes 
downward  to  the  rectum,  in  order  that  the  mass  of  fseces  may  not  excite  reflexly 
the  sphincter  muscles,  in  consequence  of  mechanical  stimulation  of  the  sensory 
nerves  of  the  rectum,  there  seems  to  be  a  centre  which  inhibits  the  reflex  action 
of  the  sphincters,  which  is  called  into  play,  owing,  as  it  appears,  to  voluntary 
impulses.  Its  scat  is  in  the  brain,  perhaps  in  the  optic  thalarai.  When  this 
inhibitory  apparatus  is  in  action,  the  fecal  mass  passes  through  the  anus,  without 
causing  it  to  close  reflexely.  The  strong  peristalsis  which  precedes  defecation 
can  be  aided,  and  to  a  certain  degree  excited,  by  rapid  voluntary  movements  of 
the  external  sphincter  and  levator  ani,  whereby  the  plexus  myeniericusof  the  large 
intestine  is  stimulated  mechanically,  thus  causing  lively  peristaltic  movements  in 
the  targe  intestine.  The  expulsion  of  the  fieces  is  also  aided  by  the  pressure  of 
the  abdominal  muscles,  and  most  efficiently  when  a  deep  respiration  is  taken,  so 
as  to  fix  the  diaphragm,  whereby  the  abdominal  cavity  is  diminished  to  the 
greatest  extent.  The  soft  parts  of  the  floor  of  the  pelvis,  during  a  strong  effort 
at  stool,  are  driven  downward  in  the  form  of  a  cone,  causing  the  raucous  mem- 
brane of  the  anus,  which  contains  much  venous  blood,  to  be  everted.  The 
function  of  the  levator  ani  (Figs.  172,  173)  is  to  raise  voluntarily  the  soft  parts 
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of  the  floor  of  the  pelvis,  and  to  pull  the  anus  to  a  certain  extent  upward  over 
the  descending  fecal  mass.  At  the  same  time,  it  prevents  the  distention  of  the 
pelvic  fascia.  As  the  fibres  of  both  Icvalores  converge  below,  and  become  united 
with  the  fibres  of  the  external  sphincter,  they  aid  the  latter,  during  energetic 
contraction  of  the  sphincter ;  or,  as  Hyrtl  put  it,  the  Icvatorcs  are  related  to  the 
anus,  like  the  two  cords  of  a  tobacco  pouch.  During  the  periods  between  the 
evacuation  of  the  gut,  the  f^ces  appear  only  to  reach  the  lower  end  of  the  sig- 
moid flexure.  As  a  rule,  from  thence  downward,  the  rectum  is  normally  devoid 
of  faeces.  It  seems  that  the  strong  circular  fibres  of  the  muscular  coat,  which 
Ndaton  has  called  sphincter  ani  tertius,  when  they  are  well  developed,  contract 
and  prevent  the  entrance  of  the  fa;ces.  When  the  tendency  to  the  evacuation  of 
the  rectum  is  very  pressing,  the  anus  may  be  closed  more  firmly  from  without,  by 
energetically  rotating  the  thigh  outward,  and  contracting  the  muscles  of  the 
gluteal  region. 

161.  CONDITIONS  INFLUENCING  THE  INTESTINAL 
MOVEMENTS. — The  intestinal  canal  contains  an  automatic  motor  centre 
within  its  walls — the  plexus  mycntericus  of  Auerbach — which  lies  between 
the  longitudinal  and  circular  muscular  fibres  of  the  gut.  It  is  this  plexus  which 
enables  the  intestine,  when  cut  out  of  the  body,  to  execute,  apparently  spontane- 
ously, movements  for  some  time. 
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[Structure. — Auerbach's  Plexus  consLsts  of  noTi-mcdullated  nervp  fibres  which  form  a  dense 
network,  groups  of  ganijlion  c«ll$  occurring  at  the  nodes  ^Fig.  175,  and  when  seen  in  vertical  sections 
between  (he  muscular  Cf>abi  it  i»  like  Fig.  1 74).  A  similar  plexus  extends  throughout  the  whole 
mtestinc  betu'een  the  longitudinal  and  circular  muscular  coats  from  the  ocsopha^s  to  the  rcclum. 
Hraaches  are  given  o(T  to  ihe  mu&cular  bundles.  A  similar,  but  not  so  rich  a  plexus  lies  in  the  sub- 
nucoDt  coat,  Meiasner's  plexus,  which  ^ives  branches  to  supply  the  muscularis  mucosst,  the 
UDOOCtt  muscular  6bre«  of  the  villi,  and  the  glantU  of  the  intestine  (Fig.  I7(>)> 

I.  If  this  centre  is  not  alTectetl  by  any  stimulus,  the  movements  of  the  intestine 
cease— comparable  to  the  condition  of  the  medulla  oblongata  in  apncea.  The 
•ame  is  true — just  as  in  the  case  of  the  respiration — during  intra-uterine  life,  in 
consequence  of  the  fecial  blood  being  well  supplied  with  O.  This  condition  may 
be  termed  aperistalsis.  It  also  occurs  during  sleep,  perhaps  on  account  of  the 
greater  amount  of  O  in  the  blood  during  that  state. 
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low  i^Anrrbach,  prepared  Irom  lh«  Niful)  fnl««tin«  of  a  dog,  by  ih«  action  of  gold  chloride.     The  n«rvo  calU  slr 
*b4«n  at  the  nodes,  vrhilc  Ibc  fibril*  prucccding  frotn   the  gaitelia,  and  the  Eiiu»tumn%in|{  Itbres,  lie  l^lween  ihe 
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*■  When  blood  containing  the  norma!  amount  of  blood  gases  passes  through 
the  intestinal  blood  vessels,  the  quiet  peristaltic  movements  of  health  occur 
(CQperistalsis)  provided  no  other  stimulus  be  applied  to  the  intestine. 

3-  Ail  stimuli  applied  to  the  plexus  myentericus  increase  the  peristalsis,  which 
^'  become  so  very  violent  as  to  cause  evacuation  of  the  contents  of  the  large 
pi^t  and  may  even  produce  spasmodic  contraction  of  the  musculature  of  the  intes- 
Jjjc,  This  condition  may  be  termed  dysperistalsis,  corresponding  to  dyspntea. 
^  c«nJi/ion  of  the  blood  flowing  through  the  intestinal  vessels  affects  the 
peristalsis. 

Condition  of  the  Blood. — I^peristalsis  may  be  produced  by  (d)  interrapting  the  circulation  of 
»e  lilooii  ,n  the  intestines,  no  matter  whether  anremia  f  as  after  compressing  the  aorta — Schiff )  or 
JJftKwihyfienrmia  be  produced.  The  stimulating  condition  is  the  want  of  0, 1,  r,  the  inacasc  of 
^*i-  Very  iligbt  disturbance  in  the  intestinal  blood  vessels,  e.f^.y  venous  congestion  after  copious 
"■ufiisOQ  tnio  the  veins,    whereby   the  abdominal  and  portal  veins  become  congested,   causes 
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iocreoscd   periHoUu.     The   intestines  become   nodulated  mt   oik   port   and   narrow   M   aooih 
and    involuntary   evacuation    of   the    &Kes    takes    place   when   there    Is  congestion,   owinf  to 
(he  |>lu[i;ginir  of  the  intestinal  blooU  vessels  when  blood  from  another  species  of  nnimal   is  used 

for  craosfiuiun  (^  102).      The  marked  peri. 
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sCalsiB  which  occurs  on  the  approach  of 
death  is  undoubtedly  due  to  the  dennge- 
ments  of  the  circulation,  atKl  Ibe  conAcqncal 
alteration  of  the  amount  of  gtsa  in  the 
blood  of  the  intestine.  The  same  is  tnic  of 
the  increavd  ronvements  of  the  intestines 
which  occur  as  a  result  uf  [psychical  eicite- 
mcnt.  f.  j^.,  grief.  The  Mimulus,  in  this  due, 
passes  from  the  cerebrum  through  the 
medulla  oblongata  (vasomotor  centre)  lo 
the  intestinal  nerves,  and  causes  anemia  of 
the  intestine  (corresponding  to  the  palW 
occurring  elsewhere).  When  the  nonoal 
condition  of  the  circutalion  is  restored,  the 
peristalsis  diminishes.  (A)  Direa  stimuU. 
tion  of  the  intestine,  conducted  to  (he  pleius 
myentericus,  causes  dytpfrit/ntsis :  direct 
exposure  of  the  intestines  to  the  air  (stronger 
when  CO,  or  CI  Is  present) — introductioa 
of  various  irrilBling  substances  into  the 
intestine — increased  filling  of  the  inlestine 
when  there  is  any  difficulty  in  emptying  the 
gut  (often  in  man)^-direct  sitmulaiioft  ot 
various  kinds  (xtso  inflammation) — all  act 
u[Xtn  the  intestine,  either  from  without  or 
from  within.  Induction  shocks  applied  to 
a  loop  of  intestine  In  a  hernial  sac  cause 
lively  peristalsis  In  the  hernia.  The  iotnti- 
nol  movements  are  favored  by  heat. 

4.  The  continued  application  of 
strong  stitnuli  causes  the  dysperi* 
stalsis  lo  give  place  lo  rest,  owing 
to  over-stimulation,  which  may  be 
called  "  intestinal  paresis 
exhaustion. 

This  condition  is  absolutely  different  from  the  posinve  condition  of  the  intestine  in  apertataliis>' 
Continued  congestion  of  the  intestinal  blood  vessels  ultimately  causes  intestinal  paralysis,  e.  g.,  whea 
transfusion  of  foreign  blood  causes  coagulation  within  these  vessels.  Filling  the  blood  ve»els  with 
**  Indifferent  "  fluids,  after  the  peristalsis  has  been  previuu!>1y  brought  alxtul  by  compressing  tin 
aorta,  also  causes  cessation  of  the  movements  (O.  Natsf).  'I*he  movements  cease  when  the 
intcMines  arc  cooled  to  19''  C-  {Hurwath),  while  severe  inflammation  of  the  intestine  has  a  simitar 
effect.  Under  favorable  circumstances,  the  intestine  inay  recover  from  this  condition.  Arterial 
blood  admitted  into  the  vessels  of  the  exhausted  intestine  causes  peristalsis,  which  at  fint  is  mort 
vigorous  than  normal. 

5.  The  continued  application  of  strong  stimuli  causes  complete  paralysis  ot 
the  intestine,  such  as  occurs  after  violent  peritonitis,  ur  inflammation  of  the 
musculature  or  mucous  coat  in  roan.  In  this  condition,  the  intestine  is  greatly 
distended,  as  the  paralyzed  musculature  does  not  olfor  sufficient  resistance  to  the 
intestinal  gases  which  are  expanded  by  the  heat.  This  constitutes  the  conditioa 
of  meteorism.  ) 

Influence  of  Nerves. — With  regard  to  the  nerves  of  the  intestine,  stiroulatioQ 
of  the  vagus  increases  the  movements  (of  the  small  intestine),  either  by  conduct- 
ing impressions  to  the  plexus  myentericus,  or  by  causing  contraction  ofthe  stomach, 
which  stimulates  the  intestine  in  a  purely  mechannical  Ta^v^ntx  {^Braam-Houtk- 
gtest).  The  splanchnic  is  (i)  the //lA/^'Ajry  nerve  of  the  small  intestine  {Pfiu^er\ 
but  only  as  long  as  the  circulation  in  the  intestinal  blood-vessels  is  undisturbed, 
and  the   blood   in  the  capillaries  does  not  become  venous;    when    the   latter 
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condition  ocean,  stimulation  of  the  splanclinic  increases  the  peristalsis.  If  arterial 
blood  be  freely  supplied,  the  inhibitory  action  continues  for  some  lime.  Stimu- 
lation of  the  origin  of  the  splanchnics,  of  the  spinal  cord  in  the  dor^l  region 
(under  the  same  conditions),  and  even  when  general  tetanus  has  been  produced 
by  theadminislration  of  strychnia,  causes  an  inhibitory  effect.  It  is  inferred  that  the 
spbnchnic  contains  (2)  inhibitory  fibres,  which  are  easily  exhausted  by  a  venous 
condition  of  the  blood,  and  also  moiorfibrfs^  whirh  remain  excitable  for  a  longer 
time,  because  after  death  stimulation  of  the  splanchnirs  always  causes  peristalsis, 
just  like  stimulation  of  the  vagus.  (3)  It  is  the  vasomotor  nerve  of  the  intestinal 
blood  vessels,  so  that  it  governs  the  largest  vascular  area  in  the  body.  When  it  is 
^liinulated,  all  the  vessels  of  the  intestine  which  contain  muscular  fibres  in  their 
walls  contract ;  when  it  is  divided,  they  dilate.  In  the  latter  cxsc,  a  large  amount 
of  blood  accumulates  within  the  blood  vessels  of  the  abdomen,  so  that  there  is 
anaemia  of  the  other  parts  of  the  body,  which  may  be  so  great  as  to  cause  death — 
owing  to  the  deficient  supply  of  blood  to  the  medulla  oblongata.  (4)  It  is  the 
tensity  nerve  of  the  intestine,  and,  under  certain  circumstances,  it  may  give  rise 
to  very  painful  sensations. 

As  slimulaiion  of  the  splanchnic  contracts  the  blood  vessels,  von  Hasch  hai  nised  the  question 
whether  the  intestine  does  not  coiue  to  rest,  owiug  to  the  want  of  llie  bluod,  which  acis  as  a  stimulus. 
But  when  a  weak  stiniutua  is  apjiHcd  to  the  splanchnic,  (he  intestine  ceases  to  move  before  the  blood 
veuels  contract  yvan  Braam-tiouckgefii') ;  it  would  therefore  seem  that  the  stimulation  diminishes 
ihe  excilalnlity  of  llie  plexus  myentericus.  According  to  Engelmann  aiiil  v,  Brakel,  the  peristaltic 
movement  '\%  chiefly  propagated  by  direct  muscular  coudnction,  as  in  the  heart  and  ureter,  without 
the  intervention  of  any  nerve  fibres. 

fEfTect  of  Nervea  on  the  Rectum. -=The  nervi-erigemes,  when  ■ttimalated.  cause  the  longi- 
todiDaJ  muscular  fibres  of  the  reaum  to  contract,  while  the  circular  muscular  fibres  are  supplied  by 
the  hypdsgattric  nerves.  .Stimulalinn  of  the  latter  nerves  also  exerts  an  inhibitory  effect  on  the 
In^mdinal  mtiscles.  Stimulation  of  the  nervi  erigentes  inhibits  not  only  the  spontaneous  move- 
ments of  the  circular  fibres  of  the  rectum,  but  also  those  movcmenls  excited  by  stimulation  of  the 
hypogastric  nerves  {F(llHtr\.'\ 

[Artificial  Circulation  in  the  Intestine. — T.uilwig  and  Salvioti  excised  a  loop  of  intestine  from 
an  animal,  lied  a  cannula  into  nn  artery  and  .mother  into  a  vein,  and  kept  it  in  a  warm  moist 
Almosphere.  The  arterial  cannula  was  connected  with  a  vessel  containing  defibrinated  blood,  to 
which  different  dru^  could  be  added.  A  lever  rested  on  the  intestine,  and  registered  its  movements 
on  ■  recording  surface.  As  long  as  arterial  blood  was  transfused,  the  iDtesiine  was  nearly  quiescent, 
bat  when  it  was  arrested,  so  that  the  blood  became  venous,  a  series  of  coulraclions  occurred. 
Nkotim  diminished  the  flow  of  Itlood  and  quickened  the  iniestinal  movements,  while  %t  the  same 
lime  the  circular  muscular  6bres  remained  contracted  or  tetanic.  Tincture  cf  opium^  in  the  propor- 
tina  of  .01  to  .04  in  the  blood,  causes  at  first  contraction  of  the  veAsets,  and  lessens  ihe  amount  of 
blood  circulating  in  the  intestine;  but  it  very  rapidly  increases  ^-cven  to  six  times— the  amount  of 
blood  which  transfuses,  while  at  the  s.imc  time  the  movements  of  the  intestine  cease,  the  walls  of 
the  inteitine  t<eing  contracted.     Pfpione  caused  first  strong  and  then  iiregular  contractions.] 

Effect  of  Drugs. — Among  the  reagents  which  act  upon  the  intestinal  movements  nre:  (l)  Such 
IS  diroinish  the  excitability  of  the  plexus  myentericus,  i.t.y  which  le«<en  nr  even  abolish  intestinal 
perislalsU,  ^.^.,  IjcUadonna.  (2)  Such  as  Kitmubiie  tlic  inhibitory  fibres  of  the  splanchnic,  and  in 
large  doses  paralyze  them -upturn,  morphia;  i  and  2  produce  consfipation.  (3)  Other  agents 
excite  the  motor  ap)>aratus — nicotin  (even  causing  spasm  of  Ihe  intestine),  muscarin,  caffein,  and 
many  taxaliyes,  which  act  as  purgatives.  The  movements  produced  by  muscarin  are  alxilished  by 
uropin.  The&e  sut>5taDCcs  accelerate  the  evacuation  of  the  intestine,  and,  owing  to  the  rapid  move- 
neol  of  the  intestinal  contenls,  only  a  small  amount  of  water  is  absorbed  ;  so  that  the  evacuations 
are  frequently  fluid.  (4)  Among  purgatives,  colocynth  and  croion  oil  act  as  direct  irritants.  With 
regard  to  drugs  of  this  sort,  they  seem  to  cause  a  watery  transudation  into  the  intestine,  just  as 
croion  oil  causes  vesicles  when  applied  to  the  skin.  (5)  Calomel  is  said  to  limit  the  absorptive 
activity  of  the  intestinal  wall,  and  to  control  the  decomfiositiuns  in  the  Intestine.  The  stools  are 
thin  and  greenish,  from  the  admixture  of  biliverdin.  (6)  Cennin  saline  purgatives — sodium  sul- 
pkaie,  magnesium  sulphate— cause  fluid  evacuations  by  retaining  the  water  in  the  intestine ;  and  it  is 
ind  that  if  they  be  injected  into  the  blood  vessels  of  animals,  ihey  cause  constipation,  [When  a 
OyMsl  of  a  potash  sait  is  applied  to  the  peritoneal  surface  of  the  tnte^ine  of  an  animal,  it  causes 
i&erely  «  local  conslrictioD  of  the  muscular  fibres  of  the  i^ut,  while  a  sodium  salt  excites  a  contrac- 
Hon  which  passes  apward  toward  the  stomach,  and  never  toward  the  rectum,  In  any  case  it  may 
awe  as  a  useful  guide  to  the  surgeon,  in  determining  which  is  the  upper  end  of  a  piece  of  intestine 
darui|'  an  upcralion  on  the  intestines  {^iVothnagei).'\ 
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[Saline  C«thartic8.— A  salt  exeria  a  genuine  excito-wcretory  action  oa  the  gUmU  of  the  inic 
tines,  while  at  the  <anic  time,  in  virtue  of  its  low  diflfusibiliiy,  ti  impedes  absorption.  Thas,be«we< 
ctimuUted  secretian  and  Jnipetleil  al^sorptinn  there  is  an  aceumulnlion  of  fluid  within  the  canal,  which 
reaches  the  rectum  and  results  in  purgation.  I^Jrgaiion  does  not  ensue  when  water  is  withheld 
from  the  diet  for  one  or  two  days  previous  lo  the  ad minist ration  of  the  tatt  in  a  concentrated  fonn. 
When  a  concentrated  solution  of  a  ^aU  is  administered  to  an  animal  whose  abmeQtar7  canal  it 
empty,  but  whose  blood  in  in  a  natural  state  of  dilution,  the  blood  becomes  ra{>idly  very  concea- 
trated,  and  reaches  the  maximum  of  its  concentration  in  from  half  an  hour  to  an  hour  and  a  half; 
within  four  houn  the  blood  bat  gradually  returned  to  its  normal  state  of  conceatratkio,  without 
having  reabsorbed  t1uid  from  the  intestine.  It  apparently  recoups  itself  from  the  tissue  fluids.  The 
salt — sulphate  of  ma^esia  or  sutphaie  of  soda— becomei  split  up  in  the  small  intestine,  and  the 
acid  il  more  rapidly  abviTlx-d  than  the  base  A  portion  of  the  absorbed  acid  shortly  afterward 
rctoras  to  the  intestines,  evidently  through  the  intestinal  glands.  The  mU  docs  not  puryc  whee 
injected  into  the  blood,  and  excites  no  intestinal  Accretion  ;  nor  docs  it  purge  when  injected  lobco* 
taneously,  unless  on  account  of  Its  causing  local  irritation  of  the  abdominal  subcutaneous  tissue, 
which  acts  reflexly  on  the  intestines,  dilating  their  blcx>d  vessels,  and  perhaps  stimalating  their 
muscular  mijvemcnts.  (;V.  H-ty). 

162.  STRUCTURE  OF  THE  STOMACH.— [The  stomach  receives 
the  bolus,  and  secrete^  a  juice  which  acts  on  certain  constituents  of  the  food, 
while  by  its  muscular  walls  it  moves  the  latter  within  its  own  cavity,  and  after  a 
time  expels  the  jmrlially  digested  products  toward  the  duodenum.] 
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Structure. — [The  walls  of  the  stomach  coneist  of  four  coats,  which 
from  without  inward  (Fig.  177) — 


(1)  The  seraus  layer,  from  the  peritoneum. 

U)  r 


'Hie  muscular  layer,  composed  of  three  layers  of  non-striped  muscular  fibfca--(a)  Uui|^ 

ludinal,  (fi)  circular,  (r)  oblique  {I  15). 
( j)  The  Bub-mucous  layer  of  loose  connective  tissue,  with  the  laj^er  blood  veucls,  lympbaticit 

and  nerves. 
(4)  The  mucous  layer] 
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The  weU-dcTcloped  mucous  membrane  of  the  stomach  is  thrown  into  a  series  of  folds  or 
rag-K,  in  a  coniracied  condition  of  the  oi^m.  With  the  aid  nf  i  hand  lens,  it  is  seeu  lo  be  beset 
with  small  irregular  depressions  or/i'/j  (Kiy.  179).  Throughout  its  entire  extent  it  is  covered  by  a 
Mngic  layer  of  raodcratcty  tall,  narrow,  cylindrical  epithelium,  which  seem;  to  consist  of  mucous* 
secreting  goblet  celts  (Fig.  17$).  The  epithelium  is  sharply  defmed  at  the  cardia  from  the  strati, 
frcd  epithelium  of  the  (csofiha^i^s,  and  ahuj  at  the  pylorus,  from  the  tnie  cylindrical  epithelium  with 
the  itriated  disk  in  the  daodentim.     [The  cells  contain  a  plexas  of  fibrils,  and  in  the  pauive  condi- 
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tlsao* :  c,  capilbriCTi. 

lioo  seem  to  consist  of  two  zones,  an  outer  clear  part,  next  the  lomeii 
of  the  organ,  consisting  of  a  substance  (muci^^en)  which  yields  mucus. 
the  attached  end  of  the  cell  beinj;  granular.]  The  oval  nucleus  lies 
abont  the  centre  of  the  cells.  Spindle  shaped,  nucleated  celts,  proba- 
bly for  r^Udng  the  others,  arc  said  by  Ehsteiri  to  occur  at  their  bases. 
All  the  cells  are  open  at  their  free  ends,  so  that  the  mucuii  is  rcidily 
diachu^ed,  leaving  the  cells  empty.  Numerous  tubular  glands  of 
/wo  distinct  kinds  are  placed  vertically,  like  rows  of  test-tnlies,  in  the 
mucous  membrane. 

The  cardiac  portion  of  the  gastric  mucous  membrane  consists  of  a 
narober  of  microscopic  tubular  glands  placed  side  by  side,  the  fundus 
glands  of  Heidenhain,  otherwise  called  {leptic,  or  cardiac.  Several 
gland  tubes,  which  arc  wider  below,  usually  o^wn  into  the  duct  (Fig. 
183).  Each  gland  cmisiids  of  a  ^tiuctureleiss  membraoa  propria  with 
uiafttoroosin};  branched  cells  in  relation  with  it.  The  duct  is  short, 
about  one-fifih  of  the  whole  tube,  and  is  lined  by  a  layer  of  cells  like 
those  liningtbe  stomach,  while  the  secretory  part  of  the  tubes  is  lined 
throughoat  by  a  layer  of  granular,  short,  small,  polyhedral,  or  col- 
amnar  nucleated  celN,  The^e  cells  Ixirdcr  the  very  narrow  lumen, and 
are  called  principal  [IMiffufiaiH),  central  (Fig.  180,  II,  n),  or 
adelomorphous  cells  (riif/j/'f;,  hidden).  At  various  places,  between 
these  cells  and  the  mcmbrana  propria,  arc  large,  oval,  or  anpnlar,  well- 
itcfincd,  grauuUr,  densely  icticulatcd,  nucleated  cells,  the  parietal 
cells  of  Heidenhain,  the  dclomorpbous  celLs  of  KoUctl,  or  the  oxyn- 
tic  (acid-fonning)  cells  of  I^ingley  (Fig.  i8o,  II,  k).  They  are  most 
namcroQS  in  the  neck  of  the  glands,  and  least  so  in  the  deep  blind 
end  of  the  tubes.  These  celts  arc  stained  deeply  by  osmic  acid  and 
ntlme  blue,  so  that  they  are  readily  distinguished  from  the  other 
celli.  TTiey  bulge  out  the  membnina  propria  of  the  gland  opposite 
where  they  arc  placed.  The  parietal  cells  in  man  are  said  to 
rtsch  to  the  lumen  of  the  gland  tulies  {StSkr).  Isolated  cells  arc 
sooicttmes  found  under  the  epithelium  of  the  surface  of  the  stomach, 
■ad  occasionally  in  individual  pyloric  glands.  The  fundus  glands  are 
Host  uuiiicfuus  (about  five  millions),  and  are  of  considerable  size  in 
the  fundus. 


Fig.  181. 


A,  boUlnl  pyloric gbliil. 
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a.  The  pyloric  glands  occur  only  in  the  region  of  the  pylorus,  where  the  miicoDS  mcmbraac 
more  yellowish  white  in  colur  (Fig.  i8i,  A).  These  glands  are  generally  branched  al  their  loirer"' 
ends,  so  that  sievcral  lul>e!i  U|)eii  into  a  single  duct  I  whicli,  in  cuntradi^linclton  to  the  duct  of  the 
other  glands,  is  wide  and  long,  extending  often  to  tialf  the  depth  of  the  mucous  mcmt>ra.rtc.  The 
duct  is  lined  by  epithelium  Uke  that  lining  the  stomach,  while  the  secretory  part  ts  lined  by  a 
single  layer  of  short,  finely  granular,  columnar  cells,  whose  secretion  \<i  <)uite  dilferent  from  that  of 
Ifae  cells  lining  the  duct.  The  lamen  is  well  defined.  Nussbaum  has  occasionally  found  other 
celts,  which  Alain  deeply  with  osmic  acid,  between  the  base  of  thcte.  The  appearance  of  the  cells 
differs  according  to  iheir  state  of  physiological  activity  [  Figs.  183,  184).  When  they  are  eahaiMed 
they  are  •tnialler  and  more  granular,  owing  to  the  denser  reticulation  of  tlieir  network ;  at  any  nl« 
Ihey  are  granular  in  preparations  hardened  in  alcohol  ( Fig.  1S4).     Tliere  are  no  |iari«ul  cells.] 

Fig.  182. 
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Vertical  tection  of  the  natric  mucou«  mcfflbranc.  e.  g,  piu  on  the  kuitauc  .  /,  iietk  of  it  (miuJm  cl«ml  opmins  intu  ■ 
A^ct.f:  .r,  (MrieuJ,  and/,  vhicf  cells;  *.  t),c.  arl«ry.  vein,  capilLiric»  :  ii,  W,  IjrnphxlicA.  emptying  InloaUiSC 
tnink,f. 

The  glands  are  supported  by  %er)'  delicate  connective  tissue  mixed  with  adenoid  tiM-uc  r  Fig,  iSo|. 
Itelow  this  are  two  layem,  circular  and  longitudinal,  of  non-striped  muscle,  the  musculsris  mucosa 
(Fig,  177,  Mm.),  and  from  it  fine  processes  of  smooth  muscular  fibres  ^>as^  up  )>elwccn  groups  of  the 
glands  toward  the  free  epithelial  surface  of  the  mucous  membrane.  Perhaps  tb«c  pfDOCSKi 
arc  concerned  in  emptying  the  glands.  [In  the  gastric  mucous  membrane  of  the  cat  there  is  ■ 
clear,  homogeneous  layer,  which  is  slanted  red  by  picru -carmine,  and  placed  immediately 
internal  to  the  musculaiis  mucosiv.  It  is  pierced  by  the  processes  passing  from  the  nmscularia 
mucfisar.] 
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&Usm:>  u(  adenoid  tissue  occur  io  the  mucous  roembraoe,  especially  near  the  pylorus,  constUuting 
lymph  foUiclea,  which  arc  comparnUe  to  llie  »ohury  glamli  or  (he  small  tntesline.  The  lymphatics 
■re  nuincrou.s,  anil  begin  cUmc  under  ihe  epithelium  hj  dilated  extremilies  or  loops  (Kig  1S2,  (/); 
they  run  vertically,  and  aniutomose  iu  the  mucuw  between  the  gloud  tubes,  which  they  envelop  in 
>inu<>  like  spaces,  lliey  join  Ur^e  trunks  in  the  mucon  ;  another  plexus  of  large  vessels  exists  in 
the  »ul>-niucosa  {Lc^'^n). 

[The  Nerves.— A  plexus  of  Donmedultalrd  nerve  fibres  ami  a  few  ganglion  cells  exist  in  the 
mtmcuUr  coat  [Auerbach'a],  and  another  [Meissner's]  in  the  sub-roucoia.] 
I  The  blood  vessels  are  very  numeron».  Small  arterial  branches,  fi.  run  in  the  8uh<mucoKa,  and 
ascend  between  the  ctan<l«  to  form  a  longitudinal  c.-ipiltary  network,  r  ,<-.  under  the  epithelium,  and 
between  its  nic»hc«  the  gland  ducts  open,  j.'.  Tlie  veins  gradually  collect  from  this  horizonul  capil- 
lary network,  ami  run  toward  the  lnr}^e  veins  of  tlie  sub-inucovi,  r. 
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pyloric  fboiU  ahowlnit  >.l. .    .  tita 

during  dlge<ii»». 

163,  THE  GASTRIC  JUICE.— Properties.— The  gastric  juice  is  a 
tolerably  clear,  colorless  fluid,  with  a  strong  acid  reaction,  sour  taste,  and  pecu* 
liar  characteristic  odor  ;  it  rotates  the  plane  of  polarized  light  to  the  left.  Tt  is 
not  rendered  turbid  by  boiling,  and  resists  putrefaction  for  a  long  time.  Its 
specific  gravity=  1002.5  fdog.  1005),  and  it  contains  only  »-i  per  cent,  of  solid 
constituents.  The  quantity  secreted  in  24  hours  was  estimated  by  Beaumont, 
from  observations  upon  Alexis  St.  Martin,  who  had  agastric  fistula  (1834)^-41 
only  180  grms.  daily  (I) ;  by  Grunewald  (1853),  in  a  similar  case,  as  equal  to 
16.4  per  cent,  of  the  body  weight ;  while  Bidder  and  Schmidt  (from  correspond- 
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ing  obsen'ations  on  dogs)  estimated  it  as  equal  to  6}4  kilos,  daily,  corresponding 
to  y^  of  the  body  weight.     It  contains : — 

(i)  Pepsin,  the  characteristic  hydrolylic  ferment  or  cnzym,  which  dissolves 
proteids.  E.  Schtitz  obtained  0.41  to  t.ty  per  cent,  from  a  fasting  person  by 
means  of  the  oesophageal  sound. 

(2)  Free  hydrochloric  acid  {Prout,  1824),  0.2  to  0.3  {^Riehei,  0.8  to  a.i) 
per  1000  ;  (in  the  dog,  0.52  per  cent.).  It  occurs _/r^^,  as  the  gastric  juice  always 
contains  more  free  chlorine  tlian  bases,  to  which  it  can  be  united  (C.  Sckmidt), 
Lactic  acid  is  usually  met  with,  but  it  arises  from  the  fermentation  of  the  cart 
hydrates  of  the  food. 

Tests.^Fiee  faydrocfaloric  acid  is  detected  l)>- the  following  reactions:  0.035  per  cent,  soh 
tion  of  methyl-violet  l>ccotncs  blue;  or  alkaline  solutioa  of  oo  tropaeolin  becomes  lilac;  or,  red 
Bordeaux  wine,  treated  with  amylic  alcohol  until  ils  culor  almoit  disan|>ea.rs,  becumes  ruse  colored. 
[GUnztnirg  recommends  an  alcoholic  solution  of  phloroglucin-vanillin.     2  grammes  of  phloro- 

f;Iacin  arc  mixed  with  1  };rauime  of  vanillin  in  30  gnmuies  uf  ab&olute  alcobol,  which  gives  a  yeU 
owish-red  solution.  Concentrated  and  even  very  weak  mineral  acids  cause,  with  this  aoltuion,  a 
bright  red  color  with  the  formation  of  bright  red  crystals,  while  concentrated  organic  acids  do  dm 
affect  it-  For  gastric  juice  mix  equal  nuanlities  of  the  filtered  gastric  juice  and  the  above  soluiioo 
in  a  watch  glass,  and  evaporate  carefully,  not  allowing  it  to  boil;  a  red  pellicle  with  red  crystal* 
indicates  the  prc&encc  of  minute  traces  of  hydrochloric  add.  Congo  red,  either  in  solution  or  a& 
congo-red  papers,  becomes  blue,  but  the  reaction  is  interfered  with  l^  the  presence  of  ammonia,  or 
ammoniacal  salts.] 

Lsctic  Acid. — The  freshly  prepared  blue  solution  of  10  c.  c.  of  n  4  per  cent,  solution  of  carbolic 
acid,  with  20  c.  c.  of  distilled  water,  and  1  drop  of  liquor  fern  pcrchUiride,  is  changed  to  ytiiew 
by  lactic  acid  (Uffelmann). 

(3)  'Hie  large  amount  of  mucus  covering  the  surface  of  the  raucous  membru^_ 
is  secreted  by  the  goblet  cells  of  the  mucous  membrane  (§  162),  (§  136,  U).       ^H 

(4)  Mineral  salts  (2  per  looa).  and  a  milk-curdling  ferment.  ^B 

They  are  chiefly  sodium  and  potassium  chlorides,  less  calcic  chloride  (ammonium  chloride,  aba 
in  animals),  and  the  compounds  of  phosphoric  acid  with  lime,  magnesium  and  iron. 

Among  foreign  sub^ances,  which  may  be  introduced  into  the  Ixidy,  the  following  appear  In  the 
gastric  juice — III,  after  the  use  of  potas&ium  iodide — poia<;sium  sulphocyanide,  ferric  lactate,  and. 
sugar :  and  ammonium  carbonate  in  urjeraia. 

[Composition  of  Gastric  Juice  {Hoppe- Seyter^  af^er  C  JrAnArif.). 


CoMlitiMnU. 


r. 

Hutoan. 


Water, 994-404 

Oiguic  matter, 3.195 

Free  HCl 0.200 

CaCL 0.061 

NaCf. 1.465 

KD 0.550 

NH,a 

Ca.2(P04) ) 


With  ialiva. 
971.171 
i  7-336 

2-337 
1.661 

3-U7 
'•07J 
0-537 
2.294 

0,121 


No  uliva. 

^^^^1 

973.062 

986.  i^H 

17.127 

4^55 

3-050 

1-234 

0.624 

aii4 

2-S07 

4-369 

0.468 

1.518 

0.473 

1.729 

1.1S2 

0.22t> 

0.577 

O.0S2 

o33» 

Good  human  saliva  is  not  so  dilute  or  so  poor  in  I  ICl  as  I .     S/abo  has  found  even  3  of  HCl  pec 
1000  in  man.] 

164.  SECRETION  OF  GASTRIC  JUICE.— After  the  discovery  of  thcr 

two  kind.s  of  gUnds  in  the  stomat^h  and  the  two  kinds  of  cells  in  the  fundus  glands, 
the  question  arose  as  to  whether  the  different  constituents  of  gastric  juice  were? 
formed  by  different  histological  elements. 

Changes  of  the  Cells  duriog  Digestion. — During  the  coarse  of  digestion^  the  cells  of  tb« 
fundus  (and  |tyluric  glands,  do^)  undergo  important  changes  {J/ei^tnkam).     During  hanger.  I' 
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bicf  celU  are  titar  ftitd  Urge,  tbe  parietal  investing  cells  are  small,  the  pyloric  cells  elear  and  of 

derate  size.     During  the  tint  six  hours  of  digestion,  the  chier  cells  become  enlarged  s^nA  moder- 

ely  turbid  or  granular,  the  parietal  cells  also  enlargt^  while  the  pyloric  cells  remain  unchanged. 

'Tbe  chief  cells  become  diminiihtU  and  more  turbid  or  granular  until  the  ninth  honr,  the  parietal 

cells  are  still  swollen,  and  tbe  pyloric  cells  CQlnrgc.     During  the  last  hours  of  digestion,  the  chief 

cclU  again  l>ccoine  larger  and  clearer,  the  parietal   cells  diminish,  the  pyloric  cells  decrease  in  si?« 

and  become  turbid  (Figs.  183  and  184). 

[Langley  gives  a  diflercnt  description  of  the  appearances  presented  by  these  cells.  The  results 
may  be  reconciled  by  remcmttering  that  the  gland  cells  were  examined  under  rlifferent  conditions. 
The  decretory  cells  coriiiisi  of  a  cell  substance  composed  of  {a)  a  framework  of  living  protoplasm, 
cither  in  the  form  of  an  intracellular  hbrillar  network,  or  in  Battened  bands.  The  meshes  of  this 
framework  encto^^e  at  least  two  chemical  substances,  viz..  (b)  a  hyaline  substance  in  cootaU  with 
the  framework,  and  (r)  spherical  grannies  which  are  embedded  in  the  hyaline  substance.  During 
•ciive  secretion,  tbe  granules  decrease  in  number  and  size,  the  hyaline  substance  increases  in 
amoiiiil.  the  network  grows.  This  is  the  reverse  of  what  is  stated  above  an  llic  observation  of 
Ileideohain,  but  the  granular  appearance  described  by  lleidenhain  after  secretion  is  very  probably 
due  10  the  action  of  tbe  hardening  agent,  alcohol.  Langley  found  that  in  the  living  condition,  or 
after  the  use  of  osmic  acid,  in  some  animals  at  lea^^t,  the  chief  cells  are  granular  during  re»t.  but 
during  a  state  of  activity  two  zones  are  ditferentiated,  an  outer  one,  which  is  clear,  owing  to  the  dis- 
af^Mrarance  of  the  granules,  and  an  inner  more  or  less  granular  one.  Granules  reappear  in  the 
outer  part  after  rest.  During  digestion,  the  parietal  cells  increase  in  size,  but  do  not  become 
granular.  In  all  cells  containing  much  pepsinogen,  distinct  granules  are  present,  and  the  quantity 
of  pepaioogcn  varies  directly  with  the  number  aiid  size  of  the  granules,  lu  the  glands  of  some 
animals  there  is  little  dilTcreiicc  between  the  resting  and  active  pha.ses.  Compare  Serous  Glamis, 
1  I4J,  and  Pantreas,  \  168.] 

The  pepsin  is  formed  in  the  chief  cells  i^H^idenhain).     When  these  are  clear 
and  large,  ihcy  contain  much  pepsin;  when  they  are  contracted  and  turbid,  the 
amount  is  small.     The  pyloric  glands  are  also  said  to  secrete  pepsin,  but  only  to 
a  small  extent.      Pepsin  accumulates  during  the  first  stage  of  hunger,  and   it  is 
eliminated  during  digehtion  and  also  during  prolonged  hunger.     Pepsin,  as  such^ 
is  not  present  within  the  cells,  but  only  as  a  "  mother  substance,**  a  pepsinogen 
substance  (zytnogen),  or  pro-pepsin,  which  occurs  in  the  granules  of  the  chief 
cells.     This  zymogen,  or  mother  substance,  by  itself,  has  no  etTect  upon  proleids ; 
but  if  it  be  treated  with  hydrochloric  acid  or  sodium  chloride,  it  is  changed  into 
pepsin.     Pepsin  and  pepsinogen  may  be  extracted  from  the  gastric  mucous  mem- 
brane by  means  of  water  free  from  acids. 

[Pepsinogen  and  Pepsin. — Glycerine  extracts  very  little  pepsin  from  the  perfectly  fresh 
gasnc  mucous  membrane,  but  a  large  amount  is  afterward  obtained  by  extracting  it  with  dilute 
bydrocliloric  aci<l,  or  with  this  acid  and  glycerine.  The  relative  amount  of  pepsinogen  and  pepsin 
m  atloid  may  be  determined  approximately  by  the  method  of  Langley  and  Edktns.  A  I  per  cent, 
•ottttiua  of  fiodic  carbonate  exerts  a  greater  destructive  action  on  pep>in  than  on  pepsinogen,  while  a 
currrnt  of  CO,  destroys  pepsinogen  to  a  greater  extent  than  pepsin.  Both  substances  are  uoaffected 
Ijy  CO,  but  are  destroyed  at  54"" to  S?"  C] 

The  pyloric  glands  secrete  pepsin,  but  no  acid.     Klemensiewici:  excised 
in  »  hving  dog  the  pyloric  portion  of  the  stomach. 
and  afterward  stitched  together  the  duodenum  and 
the  remaining  part  of  the  stomach.     The   excised  '"■    *'^5 

plyoric  part,  with  its  vessels  intact,  he  stitched  to  the 
abdomiiial  wall,  after  sewing  its  lower  end.  The 
*^»inuls  experimented  on  died,  at  the  latest,  after 
iix  days.  The  secretion  of  this  part  was  thtn,  aika- 
''■^and  contained  2  per  cent,  of  solids^  includit]^ 

[Pyloric   Fistula. — In   Fig.    185   P  represents  the   excised 
. .  one  portion,  C  the  cardiac.     The  parts  a,  a.  and  <?'  a'  were 

™*"  Bitched  together,  and  the  continuity  of  the  organ  established.  

P"  lower  end(t/)of  I'was  closed  by  sutures,  while  tbe  edgesof     DLs'sit  "f   KWm<.itiewk»'>  •xp'rt- 
f  «  O  were  stitched  to  the  abdominal  walls,  thus  making  a  py-  °"='"  ^^'''■"*') 

Iwcfi^Bl..]  ^      ^^ 

In  the  frog  the  alkaline  glands  of  the  oesophagus  contain  otily  chief  cells  which 
'9 
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produce  pepsin  ;  white  the  storaach  has  glands  which  secrete  acid  (and  perhaps 
some  pepsin),  and  are  lined  by  parietal  cells. 

Among  fishes  the  caqn  have  no  fundiu  pUiids  in  the  stomach  (LueAatt).  [The  secreting  por. 
tioru  of  glands  of  the  cardiac  sac  (crop)  of  the  herring  are  lined  hy  ■  sin^/t  Ujrcr  ot  polygcxul 
cells  ( tK  Stir/i»i').] 

The  hydrochloric  acid  is  formed,  according  to  Heidenhain,  hy  the  fiarieial 
cells.  It  occurs  on  the  free  surface  of  the  gastric  mucous  membrane  as  well  as  in 
the  ducts  of  the  fundus  glands.  The  deep  parts  of  the  glands  are  usually  alkaline. 
Free  HCl  is  detected  in  human  gastric  juice,  within  45  minutes  to  t  to  3  hotin 
after  a  moderate  meal,  but  in  10  to  15  minutes  in  a  fastmg  condition  after  drink* 
ing  water;  the  amount  gradually  increases  during  the  process  of  digestion.  Lactic 
acid,  perhaps  derived  from  the  food,  is  found  in  the  stomach  immediately  after 
taking  food,  after  half  an  hour  along  with  HO,  while  after  an  hour  only  HCI 
found  {Ewald  and  Boas), 

CI.  U«mard  injected  potassium  ferrocyanide  and  afterward  lactate  of  iron  into  tbe  veinA  of  a  da 
After  death,  blue  coloration  occurred  only  in  the  upfirr  add  layers  of  the  mucous  membran 
Nevertheless,  we  must  assume  that  the  hydrochloric  acid  is  secreted  in  Ihe  parietal  cells  of  tbe  ' 
fundus  of  the  (glands,  and  that  tt  is  rapidly  carried  to  the  surface  along  with  the  pepsin. 
Bnickc  neutralized  the  surface  of  the  gastric  mucous  membrane  with  magnesia  usta.  chopped 
Dp  the  mucoos  membrane  with  water,  and  left  it  for  some  time,  when  the  Hnid  had  again  an  acid 
reaction. 

As  to  the  formation  of  a  free  acid,  the  following  statements  may  be  noted : 
The  parietal  cells  form  the  hydrochloric  acid  from  the  chlorides  which  the  mucoia^^_ 
membrane  takes  up  from   the  blood.     According  to  Voit,  the  formation  of  aci^^^f 
ceases,  if  chlorides  be  withheld  from  the  food.     Maly  suggests  that  the  aclive^^^ 
agent  is  lactic  acid,  which  splits  up  sodium  chloride  and  forms  free  HCl.     The 
base  set  free  is  excreted  by  the  urine,  rendering  it  at  the  same  time  less  acid.    The 
formation  of  acid  is  arrested  during  hunger.     According  to  H.  Shultz,  watery 
solutions  of  alkaline  and  earthy  chlorides  arc  decomposed,  even  at  a  low  tcmperar^^H 
lure,  by  CO,,  free  hydrochloric  acid  being  formed.  ^H 

[The  source  of  the  HCl  is  undoubtedly  the  sodic  chloride  in  the  blood  and  lymph,  bat  what  other 
aCHl  displaces  the  HCl  Is  a  matter  of  conjecture.  In  this  coirnection,  it  is  important  to  rememtier 
that  Jul.  Thomsen  has  shown  that  every  acid  can  displace  a  part  of  another  acid  from  its  combtna- 
tion  with  its  base,  and  the  weaker  acid  may  even  combine  with  the  greater  pan  of  the  base.  Tbomseo 
calls  this  **■  avidity.*'  Even  hirung  mineral  acids  may  Ik  displaced  by  weak  organic  ones.  Thus 
the  free  CO,  in  the  alkaline  blood  may  set  free  a  small  quantity  of  HCl  from  ihe  sodic  chloride. 
What  is  still  more  remarkable  is.  that  rhe  free  HCl  should  be  iransrerred  l)y  the  cells  towarxt  ibc^^ 
gland  duct,  while  Ihe  sodic  carbonate  diffuses  townrd  the  blood  and  lyniph.J  j^H 

Secretion. — When  the  stomach  is  empty,  there  is  usually  nosecretion  of  gastric^^" 
juice;  this  takes  place  only  after  appropriate  (mechanical,  thermal,  or  chemical) 
stimulation.  In  the  normal  condition,  it  takes  place  immediately  on  the  introduce 
tion  of  food,  but  aUo  of  indigestible  substances,  such  as  pebbles.  The  mucous 
membrane  becomes  red,  and  the  circulation  more  active,  so  that  the  venous  blood 
becomes  brighter.  [That  the  vagi  are  concerned  in  this  vascular  dilatation,  i& 
proved  by  the  fact,  that  if  both  nerves  be  divided  during  digestion,  the  gastric 
mucous  membrane  becomes  pale  {Rutherford)^  The  secretion  is  probably  caused 
reflcxly,  and  the  centre  perhaps  lies  in  the  wall  of  the  stomach  itself  (Meissncr's 
plexus  in  the  submucous  coat).  It  Ls  asserted  that  the  idea  of  food,  especially 
during  hunger,  excites  secretion.  As  yet  we  do  not  know  the  effect  produced 
upon  the  secretion  by  stimulation  or  destruction  of  other  nerves,  e.g.,  vagus, 
sympathetic.  [There  is  no  nerve  passing  to  the  stomach,  whose  stimulation  catises 
a  secretion  of  gastric  juice,  as  the  chorda  tympani  does  in  the  sub-maxillary  gland. 
If  the  vagi  be  divided  sufficiently  low  down  not  to  interfere  with  respiration,  the 
introduction  of  food  still  causes  a  secretion  of  gastric  juice;  even  if  the  sympathetic 
branches  be  divided  at  the  same  time,  secretion  still  goes  on  (Jfeidenhain).  This 
experiment  points  to  the  existence  of  local  secretory  centres  in  the  stomach.  But 
there  is  evidence  to  show  that  there  is  some  connection,  perhaps  indirect,  between 
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the  central  nervous  system  and  the  gastric  glands.  Richet  observed  a  case  of 
complete  occlusion  of  the  oesophagus  in  a  woman,  produced  by  swallowing  a  caustic 
alkali.  A  gastric  fistula  was  made,  through  which  the  person  could  be  nourished. 
On  placing  sugar  or  lemon  juice  in  the  person's  mouth,  Richet  observed  asecretion 
of  gastric  juice.  In  this  case  no  saliva  could  be  swallowed  to  excite  secretion,  so 
thai  it  must  have  taken  place  through  some  nervous  channels.  Even  the  sight  or 
smell  of  food  caused  secretion.  Emotional  states  also  are  known  to  interfere  with 
gastric  digestion.] 
•  £ffect  of  Absorption. — Heidenhain  isolated  a  part  of  the  mucous  membrane 
'  of  i\\Q  fundus %o  as  to  form  a  blind  sac  of  it,  and  he  found  that  mechanical  stimu- 
lation caused  merely  a  scanty  hca!  secretion  at  the  spots  irritated.  If,  however, 
ai  the  same  time,  absorption  of  digested  matter  also  occurred,  secretion  look  place 
over  larger  surfaces,  [He  distmguishes  a  primary  and  merely  local  secretion 
excited  by  the  mechanical  stimulus  of  the  ingesta,  and  a  secondary  depending  on 
absorption,  and  extending  to  the  whole  of  the  mucous  membrane.] 

The  suiement  of  Schiff,  that  active  gastric  juice  is  secreted  only  &fi<r  absorption  of  the  so-called 
peptogenic  substances  (especially  dextrin),  is  denied. 

The  acid  contents  of  the  stomach  called  chyme,  which  pass  into  the  duodenum 
after  gastric  digestion  is  completed,  are  neutralized  by  the  alkali  of  the  intestinal 
mucous  membrane  and  the  pancreatic  juice  [at  the  same  time,  a  precipitate  is 
formed  and  deposited  on  the  walls  of  the  duodenum,  and  it  carries  the  pepsin  down 
with  it].  Part  of  the  pepsin  is  reabsorlied  as  such,  and  is  found  in  traces  in  the 
urine  and  muscle  juice  {finicke).  If  the  gastric  juice  be  completely  discharged 
externally  through  a  gastric  6stula,  the  alkalinity  of  the  intestine  is  so  strong  that 
the  urine  becomes  alkaline  {Afa/y). 

The  acid  gastric  juice  of  the  new-bom  child  is  already  fairly  active ;  casein  is  most  easily  digested 
bjr  ii,  then  fibiiii  and  tlie  other  proteids  {Zri^i/el).  When  the  amount  of  acid  is  too  great  in  the 
stooiach  of  iuckltn{;!(,  la^e,  Brm.  indigestible  ma.<ues  of  casein  are  apt  to  be  formed,  especially  after 
the  Qsc  of  cow's  niilk  (2  230). 

[Action  of  Drugs  on  Gastric  Secretion. — Dilute  alkalies,  if  given  l>efi>re  TuckI;  saliva;  some 
■nbitances  called  peptogens  by  Schiff,  such  as  dextrin  and  peptones,  alcohol  and  ether,  alt  excite 
lecretion,  the  last  beiiiy  very  jiowcrful.  When  the  Aecretion  is  excessively  acid,  aniatids  are  given, 
some  diminishing  the  acidity  in  the  stomach,  a^  the  carbonates  and  bicarbonstes  of  the  alknlies, 
liquor  potossac,  and  the  carbonate  of  magnesia;  while  llie  citrates  and  tartrates  of  llie  alkalies,  be- 
coming coavrrtird  into  cnrlxmate*  in  their  passage  through  the  organi&m,  dimint&h  the  acidity  of  the 
mrine.T  Soiall  doses  of  alcohol,  introduced  into  the  stomach,  increase  the  secretion  of  gastric  juice ; 
large  doses  arrest  it.  Artificial  digestion  i<i  affected  by  to  [ler  cent,  of  alcohol,  is  retarded  by  20  per 
cent.,  and  is  arrested  by  stronger  doses.  Beer  and  wine  hinder  digestion,  and  in  an  undiluted  form 
ioicrfcrc  with  artiticial  digestion. 

I  165.  METHODS  OF  OBTAINING  GASTRIC  JUICE.— Historical.— Spallanzani 
L  caused  starving  animals  tu  swallow  small  pieces  of  s[>onge  enclu^wd  in  perforated  lead  capsules,  and 
afcer  a  time,  when  the  sponges  had  become  saturated  with  gastric  juice,  he  removed  them  from  the 
stomach.  To  avoid  the  adminture  of  saliva,  the  sponges  are  best  introduced  through  an  opening  in 
the  ivsopluigus.  Dr.  Beaumont  (1S25'),  an  American  physician,  was  the  first  to  obtain  human  gastric 
jntce.  from  a  Canadian  named  Alexis  St.  Martin,  who  was  injured  by  a  ^un^hot  wuund.  wliereby 
a  permanent  gastnc  hsttila  was  estabUshed.  Various  Milutances  were  introduced  through  the  exter* 
ftad  opening,  which  '*r^:i  partially  covered  with  a  fold  of  skin,  and  the  time  required  fur  their  solu- 
lion  was  noted.  Hassow  (184.2),  Blondlot  (1S43),  and  Bardeleben  (1849),  were  thereby  ted  to 
Biake  arliHcial  gastric  fistulx. 

Gastric  Piatula. — The  anterior  aMominal  wall  is  opened  by  a  median  incision  just  l>e1ow  the 
cns^form  cartilage,  the  stomach  is  exjxised,  and  its  anterior  wall  opened  and  aftecward  stiiched  to 
the  margins  of  the  abdominal  walls.  A  !<trnng  cannula  is  placed  in  the  listula  thus  formed.  The 
lube  t«  kept  corked.  If  the  ducts  of  the  salivary  glands  be  tied,  a  [icrfectly  uncomplicated  ohjccl 
for  ictvcsli^'aliou  is  obtained. 

According  to  Leube,  dilute  human  ga»tric  juice  may  t>e  obtained  by  means  of  a  siphon-like  tube 
isitrodcccd  into  the  stomach.     Water  is  introduced  first,  and  afier  a  time  ii  i^  withdrawn. 

An  important  advance  was  maiie  when  Eheric  (1854)  prepared  artificial  gastric  Jtiice,  by 
extracting  the  pepsin  from  the  gastric  mucous  inemljrane  with  dilute  hydrochloric  acid.  Four  litres 
of  aolutkni  uf  iiydrochlortc  acid,  containing  4  to  8  c.c.  HCl  per  1000,  are   sufficient  to  extract  the 
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choppedup  mucous  membrane  of  a  pig'5  stomach.  Half  a  litre  is  infused  with  ihe  stomach  and 
renewed  every  six  hours.  The  collected  lluid  is  afierward  (iliercd.  The  substance  to  be  digcncd 
is  placed  in  this  fluid,  and  the  whole  is  kept  at  the  tem[«raturc  of  the  body,  but  it  ts  aeccwary  to 
add  a  litilc  IICI  from  time  to  time  (Sdu'OHn).  The  IICI  may  be  replaced  by  ten  times  its  volonc 
of  Ucttc  acid  and  aUo  by  nitric  acid ;  while  oxalic,  sulphuric,  phosphoric,  acetic,  formic,  succiaic, 
tartaric,  and  citric  acids  ore  much  less  active  ;  butyric  aud  salicyclic  acids  are  inactive. 

Von  Wittich's  Method. — ,<')  Glycerine  extracts  pepsin  in  a  very  pure  form.  The  muonu 
mcnihr&nc  is  rubbed  up  wifli  {>uwdered  glass  uati!  it  forms  a  pulp,  mixed  with  glycerine,  and  allowed 
to  stand  for  eight  days.  The  fluid  is  pressed  through  clot li,  and  the  fillrale  miked  with  alcohol, 
thus  precipitating  the  pepsin,  which  is  washed  with  alcohol  and  afterward  dissolved  in  the  dilute 
HCI,  in  forman  artificial  digestive  fluid.  (&)  Ur  the  mucous  membrane  may  be  placed  for  tweoly- 
fiAir  hours  tn  alcohol,  and  aTterward  dried  and  exintcted  for  eight  days  with  glycerine,  (t)  Wm. 
Roljcns  has  used  other  agents  Tor  extracting  enzymes  {^  14S). 

Preparation  of  Pure  Pepsin. — Rriicke  pours  on  ihc  pounded  mucous  membrane  of  the  pig's 
ttomach  a  5  per  cent,  solution  of  phosphonc  acid,  and  afterward  adds  lime-water  until  the  aou  re- 
action is  icarcely  distinguishable.  A  copious  precipitate,  which  carries  the  pepsin  with  it,  it  pro- 
daced.  This  precipitate  is  collected  on  cloth,  repeatedly  washed  with  water,  and  afterward  dissolved 
in  very  dilute  HCI.  A  copious  precipitation  is  caused  in  this  fluid  by  gradually  adding  to  it  a  mia- 
ture  of  cholesterin  in  four  parts  of  alcohol  and  one  of  ether.  The  chotesterin  pulp  is  collected  on 
a  filter,  washed  with  water  containing  acetic  acid,  and  afterward  with  pure  water.  The  cholesterio 
pulp  is  placrd  in  ether  to  dissolve  the  cholestcrin,  and  the  ether  is  then  removed.  The  small 
watery  dejKisit  contains  the  pepsin  in  solution. 

Pepsin  so  prepared  is  a  colloid  substance  ;  it  does  not  react  like  albumin  with 
the  following  tests,  viz.  :  It  does  not  give  the  xanthroprotein  reaction  (§  348),  » 
not  precipitated  by  acetic  acid  and  potassium  ferrocyanide,  nor  by  tannic  acid, 
mercuric  chloride,  silver  nitrate,  or  iodine.  In  other  respects  it  belongs  to  the 
group  of  albuminoids.  It  is  rendered  ii^active  in  an  acid  fluid  by  healiog  it 
SS**  to  60°  C. 
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166.  PROCESS    OF    GASTRIC    DIGESTION.— [In  the  process    of 

gastric  digestion  we  have  to  consider — 

1.  The  secretion  of  gastric  juice  and  its  action  on  food. 

2.  The  absorption  of  the  products  of  this  digestion. 

3.  The  movements  of  the  stomach  itsclf.j 
Chyme. — The  finely  divided  mixture  of  food  and  gastric  juice  h  called  iAymr.'' 

The  gastric  juice  acts  upon  certain  constituents  of  chyme. 

I.  Action  on   Proteids. — Pepsin  and  the  dilute  hydrochloric  acid,  at  the 
temperature  of  the  body,  transform  proteids  into  a  solubie  form,  to  which  Lehmonn 
(1850)  gave  the  name  of  "peptone"  (^  249,  HI).     Fibrin  (or  coagulated  pro^H 
teids)  first  becomes  clear  and  swollen  up.  ^H 

[It  is  commonly  stated  that  the  first  product  formed  during  the  gastric  digestion  ^^ 
of  proteids  is  syntonin  or  parapeptonc,  then  hcmi-albumose  or  propep- 
tone,  atid  finally  peptone.  The  products  vary,  however,  with  the  protetd 
digested.  Kiihne  has  shown  that  the  proteid  molecule  is  split  up,  and  yields  two 
groups,  which  he  calLs  anti-peptone  and  hemi-peptone  ;  the  former  can  be 
split  up  into  ieiicin  and  tyrosin  by  trypsin,  while  the  latter  docs  not  undergo  this 
change.  A  mixture  of  the  two  he  calls  arapho-peptone.  The  intermediate 
body  or  propeplone,  is  really  a  mixture  of  several  bodies.  Kuhne  calls  it  hcmi- 
albumose.  These  intermediate  bodies  from  albumin  are  called  albumoses,  from 
globulins  globuluses.  from  casein  caseoscs.  Halliburton  calls  all  these  intermc^^ 
diate  bodies  "  proteoses."]  ^H 

Properties. — Hemialbumose,  although  a  composite  body,  gives  the  following  reactions  :  It  ti 
highly  soluble  in  water ;  when  heated  to  50°  to  60^  it  becomes  somewhat  turbid,  but  when  boiled  U 
bKomes  clear,  and  gets  turbid  again  on  cooling.  This  effect  is  most  marked  when  it  is  treated 
with  acetic  acid  and  sodic  chloride,  or  the  latter  alone.  It  is  precipiuied  l>}-  acetic  acid  and  pocas- 
sic  fcTTOcyanide,  but  the  precipitate  disappears  on  heating  and  reappears  on  cooUn({.  It  gives  ibe 
biuret  rosy  tint  reaction  like  peptones.  It  is  predf'itaieii  by  nilrit  atiJ,  and  the  precipitate  adbera 
lo  the  glass,  but  is  loluhU  in  the  acui  wi/A  tht  aid  of  heat  ^  yielding  a  yellow  fluid,  but  b  prttipitaitd 
9n  cooling.     It  is  preci[Mtated  by  lK>iling  with  acetic  acid  and  a  strong  solution  of  sodic  sulphate. 
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metaphosphoric  acid,  and  pyrogalHc  acid  {AHAMf).     It  is  itaid  lo  be  present  in  all  animal  tiuucs 
except  muKlc  and  nerve  (|  293)- 

[Albumoses  are  the  first  products  of  the  splitting  up  of  proteids  by  cn/ymes, 
and  from  them  peptones  are  ultimately  formed.  They  may  be  made  from  Witte*s 
peptone,  or  by  the  peptic  digestion  of  fibrin.  Such  a  mixture,  on  being  neutral- 
ized with  sodic  carbonate,  gives  a  copious  precipitate  of  parapeptones,  which  can 
be  filtered  off,  leaving  a  clear  solution  of  albumoses.  On  saturating  the  clear 
fluid  with  NaCI,  a  dense  white  precipitate,  consisting  of  three  albumoses,  called 
proto-,  dys-,  and  hetero-albumose  is  obtained;  a  fourth,  deutero-albu- 
mose,  remains  in  solution,  but  can  be  precipitated  by  adding  acetic  acid.  If  the 
albumose  precipitate  be  treated  with  10  i)cr  cent.  NaCi  solution,  proto  and  hetero- 
aJbumose  are  dissolved,  leaving  dys-albumose  undissolved.  Dialysis  of  the  saline 
solution  precipitates  hetero-albumose,  leaving  proto-albumose  in  solution.  It  is 
probable,  however,  that  hctcro-  and  dys-alburaose  are  identical,  or  ihat  the  former 
is  merely  an  insoluble  form  of  the  latter.  The  albumoses  are  bodies  intermediate 
between  albumins  and  peptones,  and  of  the  three,  deutero -albumose  is  nearest  to 
peptones.] 

[PropertieB. — Proto-alburoose  is  soluble  in  distilled  water,  is  not  changed  by  heat,  but  Is  pre- 
cipftated  hy  snturaiion  of  the  delation  with  so<Uc  chloride,  by  HNOj,  acetic  acid,  potauic  ferrocya- 
nide,  copper  sulphjue.  mercuric  chloiide.  Oeutero-aibumose  is  very  like  the  foregoing,  Init  it  is 
not  precipitated  by  HNO,  or  on  adding  Midic  chloride  to  saturation,  but  precipitation  occurs  when 
30  lo  30  per  cent,  of  acetic  acid  is  added.  Hetero-albumose  resembles  a  globulin  in  its  proper- 
ties; it  ts  insoluble  in  diMilIc<l  water,  but  is  soluble  in  saline  ^lulions  (10  tn  15  per  cent),  and  is 
panly  precipitated  from  its  solution  by  saturation  with  NaCl  or  dialysis.  It  is  coagulated  by  heat. 
All  give  the  rosy-piolc  color  with  the  biuret  reaction,  and  iheyare  all  precipilalcd  by  saturation  with 
ncnlral  ammnnia  sniphalc,  which  peptone.^  arc  not  ( KRhne  and  Ckitieni{eH).'\ 

[Qlobuloses  from  the  globulin  of  ox  serum  are  obtained  in  the  same  way,  although  the  fcrmeai 
has  much  less  action  on  globulin  than  on  albumin.  Speaking  generally,  they  resemble  the  albu- 
moaes.] 

By  the  continued  action  of  the  gastric  juice,  the  propeptone  passes  into  a  true 
soluble  peptone.  The  unchanged  albumin  behaves  like  an  anhydride  with 
res[>ect  to  the  peptone.  The  formation  of  peptone  is  due  to  the  taking  up  of  a 
molecule  of  water,  under  the  influence  of  the  hydrolytic  ferment  pc[>sin,  and  the 
actioQ  takes  place  most  readily  at  the  tem{}erature  of  the  body.  Gelatin  is 
changed  into  a  ^t latin-peptone, 

Aocording  to  Ktihne.  the  proteid  molecule  contains  two  sul»tnnces  preformed :  anti-albumin 
and  hemi-albumin.  Cra.«tric  juice  at  6rst  converts  them  into  anti-albumose  and  heml-aJbumosc, 
aitd  twih  ultimately  into  anii-pcptonc  and  hcmi-peptonc  {\  170,  II).  Only  the  latter  is  .split  up  by 
tiypsin  into  leucin  and  tyrosin. 

The  greater  the  amount  of  pepsin  (within  certain  limits),  the  more  rapidly  does 
the  solution  take  place.  The  pepsin  suffers  scarcely  any  change,  and  if  care  be 
taken  to  renew  the  hydrochloric  acid,  so  as  to  keep  it  at  a  uniform  amount,  the 
pepsin  can  dissolve  new  quantities  of  albumin.  Still,  it  seems  that  some  pepsin 
is  used  up  in  the  process  of  digestion  {Griitznet^.  Proteids  are  introduced  mto 
ihe  stomach  either  in  a  solid  (coagulated)  or  fluid  condition.  Casein  alone  of  the 
fluid  forms  is  precipitated  or  coagulated,  and  afterward  dissolved.  The  non- 
coagulated  proteids  are  transformed  intosyntonin,  without  being  previously  coagu- 
lated, and  are  then  changed  into  propeptone  and  directly  peptonized,  /.  e,,  actually 
Mssalt'ed. 

When  athumin  is  digested  by  pepsin  at  the  temperature  of  the  body,  a  not  inconsiderable  amount 
of  bcmt  disappears,  as  can  be  proved  by  calorimelric  ex^icrimcnt  ( Afa/y).  Hence,  the  temperature 
of  tbc  chyme  in  the  stomach  falls  o**.2  to  0^.6  C.  in  two  (o  three  hours  (tr.  I  'inisehgau  atttt  Dittl ). 

Coagulated  albumin  may  be  regarded  as  the  anhydride  of  the  fluid  form,  and 
Ihe  latter  again  as  the  anhydride  of  peptone.     The  peptones,  therefore,  represent 
~Mc  highest  degree  of  hydration  of  the  proteids. 
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Hence,  peptones  miy  be   formed  Trom  proteids  by  those  reagents  which  tuually  cause  hydntunHJ 
viz.,  treatment  with  strong  adds  (from  fibrin,  with  0.2  HCI),  caustic  alkalies,  patrefadirc  and 
Tarious  other  fctmcnis,  and  ozone. 

The  anhydride  proteid  has  been  prepared  from  the  hydrated  form.  Hcnnigcr 
and  Hofmcistcr,  by  boiling  pure  peptone  with  dehydrating  substances  (anhydrous 
acetic  acid  at  &o°  C),  have  succeeded  in  decomposing  it  into  a  body  resembling 
syntonin. 

Peptones. — (i)  They  are  completely  soluble  in  water.  (2)  They  difftue  very 
easily  through  membranes.  (3)  They  filter  quite  easily  through  the  pores  of 
aniinal  membranes.  (4)  They  are  no/  precipitated  \iy  boiling,  nitric  acid,  acetic 
acid  and  {wtasstum  ferrocyanide,  acetic  acid  and  saturation  with  common  salt. 
(5)  They  are  precipitated  from  neutral  or  feebly  acid  solutions  by  mercuric 
chloride,  tannic  acid,  bile  acids,  and  phosphoro*molyb<lic  acid.  (6)  With 
Millon's  reagent  they  react  like  proteids,  and  give  a  red  color,  and  with  nitric 
acid  give  the  yellow  xanthoprotein  reaction.  (7)  With  caustic  potash  or  soda 
and  a  small  quantity  of  cupric  sulphate  [or  Fehling's  solution]  they  give  a 
beautiful  rtury-rfi/ color,  the  biuret  reaction.  (8)  They  rotate  the  plane  of  polar- 
ized light  to  the  left, 

[Kuhne  and  Chittenden,  tnaking  use  of  the  fact  that  ammonium  sulphate  to 
saturation  precipitates  all  proteids  from  solution  except  peptone,  liave  reinvest!- 
gated  the  subject,  and  they  find  that  many  of  the  peptones  of  commerce  contain 
albiimoses.  Pure  peptone  has  remarkable  properties.  When  dissolved  in  water, 
it  hisses  and  froths  like  phosphoric  anhydride,  heat  is  evolved,  and  a  brown  solu- 
tion is  formed.  It  is  difficult  to  preserve  it.  It  is  not  precipitated  by  NaCl,  or 
NaCl  and  acetic  acid,  but  is  completely  precipitated  by  phospho-tungstic  and 
phospho-moEybdic  acids,  tannin,  iodo-nicrcuric  iodide,  picric  acid.  Peptones 
have  a  cheesy  taste,  while  albumin  and  albumoses  are  tasteless.] 

The  biuret  reaction  is  obtained  with  pnipcptone,  as  well  as  with  a  furm  of  albumin,  which  is 
formed  durinfj  artificial  digestion  and  is  soluble  in  alcohol.  It  is  called  "  alkophyr"  by  Urilckc 
[Darby's  fluid  meat  gives  all  the  above  reactions,  and  is  very  u>>eful  for  studying  the  icsu  for 
[>e^>i<ine<i.] 

The  rapidity  of  solution  of  fibrin  is  tested  by  placing  fibrin  which  is  swollen  up  67  the  action 
ofo.Z  per  cent.  HCI  in  a  glass  funnel,  and  adding  the  digestive  fluid,  observing  (he  rapidity  with 
which  the  fluid,  the  aliered  tibrin,  drops  from  (he  funnel,  and  the  fibrin  disappears  \Grunkagtn'). 
Or  the  fibrin  may  be  colored  willi  carmine,  &vvullcn  up  in  0.1  per  cent.  MCI,  and  placed  in  the 
digcfciive  fluid.  Tlie  more  rapidly  the  fluid  is  colored  red,  the  more  energetic  is  the  digestion. 
'  Prepsration. — Pure  peptones  are  prepared  by  taking  iluid  which  contains  them  and  neutralizing 
U  with  banum  carbonate,  evaporating  upon  a  water  bath,  and  filtering.  The  barium  is  renored 
from  the  filtrate  by  the  careful  addition  of  sulphuric  acid,  and  gub«equent  filtration. 

Ptomaines. —  Brieger  extracted  from  gastric  peptonet  by  amylic  alcohol  a  peptone-fre«  pojsoo, 
with  actions  like  those  of  curara.  It  belongs  to  the  group  of /rffmii/M/i,  1,  f.,  alkaloids  obtained  from 
dead  Ijodics  or  decom[x>sing  proteids.  [Ptomaines  arc  identical  with  the  alkaloids  in  plants,  and 
many  have  been  isolated.  The  term  leucotnainc  has  been  applied  by  Gautier  to  alkaloids  formed 
by  the  decomposition  uf  albuminous  bodies  during  the  normal  metabolic  processes  taking  place  in 
the  ti&Hues.  They  are  not  formed  by  the  activity  of  microJSrEanisms.  Some  seem  to  tw  formed  in 
muscle^  and  are  clcsely  allied  to  creaiio  and  xanihin.] 

Peptones  are  undoubtedly  those  modifications  of  albumin  or  proteids  which, 
after  their  absorption  from  the  intestinal  canal  into  the  blood,  are  destined  to 
make  good  the  proteids  used  up  in  the  human  organism.  By  giving  peptones 
(instead  of  albumin)  as  food,  life  cannot  only  be  maintained,  but  there  may  even 
be  an  increase  of  the  body  weight  {Pioss  and  Maly^  Adamkievdcs),  Very 
probably,  before  being  absorbed  into  the  blood  stream,  peptones  arc  re-lrans- 
fortned  into  serum  albumin  (§  192). 

Conditions  nffecting  Gastric  Digestion. — The  presence  of  a!  ready 'formed  peptones  interferes 
with  the  action  of  the  gastric  juice,  in  so  far  as  the  greater  concentroltun  of  the  fluid  interferes  with 
and  limits  the  mobility  of  the  fluid  panicks.  Boiling,  concentrated  acid«,  alum,  and  tannic  acid, 
atkalinity  of  the  gastric  juice  [e.  g.^  by  the  admixture  of  much  saliva),  abolish  the  action  ;  also  sol. 
phurous  and  arseaious  acids  and  potossic  iodide.     The  salts  of  the  heavy  metals,  which  canoe  pre* 
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cipJUtes  with  pepsin,  prptone,  and  niucm,  interTere  with  gastric  digestion,  and  so  do  concentrated 
aolahoiu  of  alkaline  ults.  common  .salt,  magnesium  and  hodium  sulphAtes.  A  small  quantiljr  of 
NaCI  increa&es  the  secretion  {Grtilaner]  and  favors  the  action  of  pepsin.  Alkalies  rapidly  debtroy 
pepsin,  but  leu  rapidly  pro-t>cpsin  {Lan^^try).  Alcohol  precipilatcjithe  pepsin,  bat  by  the  subse<)uetu 
addition  of  water  it  is  redis^olved.  so  that  diEcrtinn  goes  on  as  before.  Any  means  that  prevent 
the  prolcid  bodies  from  swelling  up,  as  by  binding  them  Brmly,  impede  digestion.  .Slightly 
over  half  a  pint  of  cold  water  does  not  seem  to  disturb  healthy  digestion,  but  it  does  so  In  cases  of 
disease  of  the  stomach.  Copious  draughts  of  water,  and  violent  muscular  exercise,  disturb  digestion ; 
while  warm  clothing,  cspeciatly  over  the  pit  of  the  stomach,  aids  it.  Menstruation  retards  gastric 
digesiion.  [Oddi  Bnds  that  the  presence  of  large  quantities  of  ox  bile,  or  even  of  its  own  bile  in  the 
stDniach  of  a  dog,  doei  not  affect  the  activity  of  the  gastric  juice,  does  not  precipitate  peptones,  and 
docs  not  excite  vomiting  ] 

[Artificial  Digestion. — The  action  of  gastric  juice  on  proteids  may  be 
observed  outside  the  body,  and  we  can  prove,  as  is  shown  in  the  following  table, 
after  Rutherford,  that  pepsin  and  an  acid — e,  g,,  hydrochloric,  along  with  water — 
are  essential  to  the  formation  of  gastric  peptones: — 
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BcakwA. 

BnkarB. 

BMkerC. 

Fepwn,  0.3  per  cent 
Fibrin. 

Water. 

HC1,  0.2  per  cent. 

Fitwin. 

Water. 

pepsin,  0.3  [>cr  Cent 
HQ,     0.2 
Fibrin. 

Keep  all  fn  water  both  at  38**  C 

ihi^woeed. 

Fibrm    swelb    up.  becomes    clear,    and    is    Fibrin  ultimately  changed 
changed  into  adid  albumin  or  syntonin.              into  peptooc] 

[In  all  animals,  gastric  digestion  is  essentially  an  acid  digestion,  and  between 
the  native  proteid,  fibrin,  albumin,  or  any  other  form  of  prolcid,  and  the  end 
product  peptone,  there  are  numerous  intermediate  substances,  many  of  whose 
properties  and  characters  have  still  to  be  investigated.] 

[  Bxcluaion  of  the  Stomach. — Ognta  linds  thai  >f  the  stomach  be  divided  at  the  pyloric  end  so 
Kb  to  eicludf  the  sloinach  fn>m  the  digeslive  apparatus,  a  dog  can  be  nourished  for  a  long  time  by 
introductnj;  food  through  the  pylorus  into  the  duodenum.  A  dog  has  lived  scvctal  years  after  excision 
oC  iL»  stomach  {t'umv).  Kaw  fleith  so  introduced  indigested  more  rapidly  in  the  itmall  intestine 
than  in  the  stomach.  The  stomach  not  only  digests,  but  it  acts  on  the  connective  tissue  of  flesh  so  as 
to  pre{:«re  the  latter  for  inttr<<tinul  digestion.] 

II.  Action  on  other  Constituents  of  Food.— Milk  coagulates  when  it 
enters  the  stomach,  owing  to  the  precipitation  of  the  casein,  and  in  doing  so  it 
entangles  some  of  the  milk  globules.  During  the  process  of  coagulation,  heat  is 
given  off.  The  free  hydrochloric  acid  of  the  gastric  juice  is  itself  sufficient  to  pre- 
cipitate it ;  the  acid  removes  from  the  alkali-albtiminate  or  casein  the  alkali  which 
keeps  it  in  solution.  Hammarsten  separated  a  special  ferment  from  the  ga.stric 
juice — quite  distinct  from  pepsin — the  milk-curdling  ferment  which,  quite 
independently  of  the  acid,  precipitates  the  casein  either  in  neutral  or  alkaline  solu- 
tions. It  is  this  ferment  or  rennet  which  is  used  to  coagulale  casein  in  the 
making  of  cheese.  [Rennet  is  an  infusion  of  the  fourth  stomach  of  the  calf  in 
brine  (§  231).  The  ferment  which  coagulates  milk  is  quite  distinct  from  pepsin. 
If  magnesic  carbonate  be  added  to  an  infusion  of  calfs  stomach,  a  precipitate 
is  obtained.  The  clear  fluid  has  strongly  coagulating  properties,  while  the  pre- 
cipitate  is  strongly  peptic] 

The  action  of  the  milk-curdling  ferment  is.  perhaps,  like  the  action  of  all  ferment*,  a  hydration  of 
caiein  ;  it  is  greater  in  the  presence  of  0.2  IICI. 

One  pan  of  the  rennet  fernteni  can  precipitate  Soo,ooo  parts  of  casein.     When  casein  coagulates, 

two  new  proteids  seem  to  l>e  formed — the  cuagulale<l  proteid  which  constitutes  cheese,  and  a  body 

K  rcacmbltng  peptone  disfolved  in  the  whey.     The  addition  of  calcium  chloride  accelerates,  whila 
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water  retards  the  coagulation  (j  231)  {f/ammarsten).     [A  ferment  similar  lo  rennet  U  oonUhied 
in  the  seeds  of  IVifAania  coaguians  (S.  /.ta).] 

Caftciii  18  fir&t  precipitoted  in  the  stomach,  then  a  body  liWc  syntonin  is  fomied,  and  finally  pept' 
During  the  process,  a  substance  containing  phosphoni!^  and  resembling  nuclcin  appears  (ZwAai'oi)*,! 


There  is  a  'Mactic  acid  ferinent  "  also  present,  which  changes  milk  sugar] 
into  lactic  acid  {HammarsUH).     Part  of  the  milk  sugar  is  changed  in  the  stonutcli 
and  intestine  into  grape  sugar. 

Action  on  Carbohydrates. — Gastric  juice  does  not  act  as  a  solvent  of  starch, 
inulin,  or  gums.  Cane  sugar  is  slowly  changed  into  grape  sugar.  According  to 
Uffclmann,  the  gastric  mucus,  and  according  to  Leubc,  the  gastric  acid,  are  the 
chief  agents  in  this  process.  On  albuminoids. — During  the  digestion  of  true 
cartilage,  there  is  formed  a  chondrin  peptone,  and  a  body  which  gives  the  sugar 
reaction  with  Trommer's  test.  Perfectly  pure  elastin  yields  an  elastin  peptone, 
similar  to  albumin  peptone,  and  hemi-elastin  similar  to  hemi-albumose.  A  vcrj^H 
minute  quantity  of  fat  is  broken  up  into  glycerine  and  fatty  acids.  [On  nentru^| 
olive  oil  being  injected  into  the  stomach  of  a  dog,  after  several  hours — the  pylorus 
being  plugged  with  an  elastic  bag — it  partly  splits  up  and  yields  oleic  acid  {CasM 
and  Ogata).'] 

[We  still  rctjuirc  further  nbservalionx  on  the  gastric  digettion  of  fats.  Richct  obcerved  in  his 
case  of  fistula,  that  fiUty  matters  remained  a  long  time  in  the  stoinach,  and  Ludwig  found  the  same 
result  in  the  dog.  In  some  dyspeptics,  rancid  eructations  often  take  place  toward  the  end  of  gastric 
digestion.] 

1X1.  Action  on  the  Various  Tissues. — (i)  The  geUtine-yielding  substances  (collagen)  1 
all  the  connective  tissues  (connective  tissue,  white  fibro-carliltige,  and  Ihe  matrix  of  Iwne),  as  we 
as  glulin,  is  di-isojvcd  and  peptDni/.ed  by  the  gastric  juice.      [Gelatin,  when  acted  on  by  gastric  juici 
no    longer  solidifies  in   the  cold,  but  7.  gelatin'p<pione  \\  formed,  which  is  soluble  and  diffusilili 
all  hough  it  differs  from  inie  peptone.     In  the  dog,  connective  tissues  arc  cs|>caally  acted  on  in  tb 
stomach,  while  the  other  parts  of  organs  used  as  food  are  prepared  for  digestion  in  the  small  intcatin^^ 
where  rlie  cellular  and  nuclear  elements  arc  digested  by  the  pancreatic  juice  {Bitfaivi).'\     (x)  llie 
structureless  membranes  (membraniv  propria:)   of   glands^  sarcolcmma,  Schwann's  riicaih  of 
nerve  6bres,  capsule  of  the  lens,  the  elastic  laminx  of  the  cornea,  the  membranes  of  fai  celln  are 
dissolved,  but  ibe  true  elastic  (fenestrated)  membranes  and  6bres  are  not  affected.     (3)  Striped 
muscle,  after  solution  of  the  sarcolcmma,  breaks  up  transversely  into  disks,  and,  like  non-Mnpot 
muscle,  is  dissolved,  and  forms  a  tiue  solubW  peptone,  but  pnns  of  the  muscle  always  pass  into  the 
mtestine.     (4)  The  albuminous  constiiuents  of  the  soft  cellular  elements  of  glands,  stratified  e[M- 
thclium,  endothelium,  and  lymph  cells,  form  peptones,  but  the  nuclcin  of  the  nuclei  does  not  srrm 
to  be  dissolved.     ($)  llichorny  parts  of  the  epidermis,  nails,  hair,  as  well  as  chiiin.  silk,  conchiolin, 
and  spongtn  of  the  lower  animals  are  indigesiihie,  and  so  are  amyloid  substance  and  wax.     (6)  The 
red  blood  corpuscles  are  dissolved,  the  hx-moglobin  decomposed  into  h»:matin  and  a  globulin- 
like substance;  the  latter  is  peptonized,  while  the  former  remains  unchanged,  and  is  partly  absorbed 
and  transformed  into  bile  pigment.     Fibrin  is  easily  dissolved  to  form  hemi-  and  anii.|>epione.  (7) 
Mucin,  which    is  al.oo   secreted    hy  the  gohlet   celU  uf  the  ».tomacli,  passes  ihrtiugh  the  intestines^ 
unchanged.     (S)  Vegetable  fats  are  not  affected  by  the  gastric  juice ;  these  cells  yield  their  proto 
pIiLsmic  contents  to  form  }]e[)tDnes,  while  the  cellulose  of  the  cell  wall,  in  the  case  of  man  at  Ir 
remains  undigp^«l  (()  1S4). 

Why  the  Stomach  does  not  digest  itself. — That  the  stomach  con  digest  iwing  things  is  1 
by  the  following  fact^ :     Bernard  introduced  Itic  leg  of  a  living  frog  through  ■  ga-^tric  fistula  into  I 
fliainach  of  n  d<^.     I'avy  did  thp  same  with  the  ear  of  a  r.ibbii,  nr>d  in  l^h  the  o1)iects  inirodu 
were  digestt^i.      [  Frcn^el  has  mtxlihed  this  cx(>rrinienl.  and  shown  thai  the  legs  of  .n  living 
digcstrd  hy  nrlillcinl  gastric  juice,  the  tissues  Ix-ing  first  killed  und  then  digr»t«I.      Ilis  expei 
to  !>how  (.hat  the  alkaliiiii)  uf  the  blofxl  Va  not  the  protective  medium.]     'I  he  margins  of  a  ga 
and  of  ga.<vtnc  tistuU-  in  nioji  arc  attackitl  by  the  gastric   juice.     Jotin  Hunter  (1772)  discussed  the 
question  why  the  stoinncli  docs  not  digest  itself.     Not  unfrequently  after  ileulh  the  posterior  wall  of 
nic  tdnmach  is  found  digested  [more  csiieciolly  if  the  ))crson  die  after  a  full  meal  and  the  body  lie  kqA 
in  a  warm  place,  wh«d»y  the  contenLs  of  ihr  stomach  may  escape  into  the  peritoneum-     O.  Bonard 
showed,  that  if  o  rahbit  be  killc-d  and  placed  in  an  o^■c^  at  the  tcmpeniltuv  of  the  body,  ttkc  walls 
of  the   stomach   are   attacked   hy  its   own   gn.stric   juice.     Fishes   also  are   frequently  foiUMl  widl 
their  slomnch  partially  <ligest«l  after  death].      It  would  seem,  therefore,  that  so  long  as  the  ctrcuts- 
tion  continues,  the  tissues  are  {protected  from  the  action  of  the  acid  by  the  alkaHne  blood  ;  this  o^tioa 
cannot  take  place  if  the  reaction  be  alkaline  {PavyY     [This,  however,  docs  not  explain  why  the 
pancteatic  juice  does    not    digo*l    the  pancrea.s.^      IJgature  of   the  arteries   of  the  stomach  aw»e» 
digestive  sofletiing  of  the  gastric  mucous  membrane.     'I  he  thick  layer  of  the  mucus  may  also  akl  in 
protecting  the  stomach  from  the  action  of  its  own  gastric  juice  (£7.  Brmard\ 
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■      167.  GASES    IN  THE    STOMACH— The  sloraach  always  contains  a 
~  certain  quantity  of  gas,  derived  partly  from  the  gases  swallowed  with  the  saliva, 

partly  from  gases  which  pass  backward  from  the  duodenum. 

The  air  in   ihc  stomach  is  constantly  undergoing  changes,  whereby  its  O  is 

absorbed  by  the  blood,  and  for  1  vol.  of  O  absorbed  2  vols,  of  CO,  are  returned 

lo  the  stomach  from  the  blood.     Hence,  the  amount  of  O  in  the  stomach  is  very 

small,  the  CO,  very  considerable  (F/aner). 


V 


Qaaea  in  Che  Stomach. — VoL  percent  {Pianer). 
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^      By  the  acid  of  the  stomach  a  part  of  the  CO,  is  set  free  from  the  saliva,  which 
contains  much  C0|  (§  146).     The  N  acts  as  an  indifferent  substance. 

Aboonnal  developroent  of  gascB  in  persons  suffering  fnm  gastric  cntnrrh,  occun  when  the 
nstrie  ccmirnu  an-  neutral  in  rcuctkni ;  during  the  butyric  acid  fcrmcnUlion  H  and  CO,  arc  formed; 
Bic  scelic  »cid  and  lactic  acid  frnneniations  do  no*  cause  the  fonnatiun  of  gosw.  Marsl)  gas  (CHj) 
has  been  found,  but  it  comes  from  the  intestine,  as  it  can  only  Ijc  fonned  when  no  O  b  present 
(I  »»♦>- 

168.  STRUCTURE  OF  THE  PANCREAS.— The  i»iicrcas  is  a  compound  tubular 
gland,  and  in  iu  gcncrnl  lUTanK^mt-ni  inio  lol»es,  lotiules,  and  s>'slem  of  ducts  iind  acini,  it  coiTes[)ond» 
exactly  to  the  Hue  *alivary  ^''"•tlv  The  q>ithclium  lining  the  ducts  is  not  at  all,  or  only  faintly, 
Aristed.  The  acini  are  tulmlar  or  Haskcd-shoped,  and  often  convolutcxi.  They  consist  of  a  mcm< 
brana  propria,  rcsemhllng  that  of  the  salivary  glands,  lined  by  a  single  layer  of  somewhat  cylindrical 
cells,  with  a  more  or  less  conical  apex,  directed  toward  the  very  nnrruw  lumen  of  the  acini.  [As  in 
the  salivary  glands,  there  is  a  nnfrow  intermediary  part  of  the  ducts  opening  into  the  acini,  and 
filed  by  flalicned  epitlielium]     The  cells  lining  the  acini  consist  of  two  sonea  (Kig.  1M6): — 

Fic.  1S6. 


Fia  187. 


SKitoa  of  tl*c  fJTth  (MHctra*. 


Changex  of  ihe  pancreatic  c«lU  in  varioui  itacv*  of  aciiviljr.  i,  Diihnit 
huncer;  a,  in  ihc  first  sUtfc  o(  digesUos;  3,  in  the  mcoikI  ■!>£«;  4t 
during  paniljtic  twcretioa. 


1,1)  The  smaller  outer  or  parietal  layer  is  iransjiarent.  homogeneous,  Mimettmes  funtly  striated) 

Inadily  stained  with  comiinc  and  logwood;  ood  (3)  the  inner  layer  (Bernard's  granular  layer)  u 

paautir,  and  status  l>ut  lilightty  with  carmine  (Fig.  186).      It  undouUedly  contributes  to  the  secretion 

by  pring    uff  material,  the   granulca   !»cini^   dissolvLxi,  while  the  loiie  itself  l>ecomes  smnller.     The 

^■Anical  nucleus  liex  between  the  two  rones.     [  lite  lumen  of  the  acini  is  very  small,  and  si^ndle- 

*M(«d  or  brvDcbod  cells  (centro-acinar  cellsl   lie  in  it,  and  send  their  pmcesiies  between  the 

■cnbiry  cdla,  thus  actii^  aa  iMffartimg  trih  for  the  elcmenis  of  tlie  wall  of  the  acini.     Uurii^ 
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secretion,  there  is  b  continuous  change  in  the  •ppcamnce  of  ihecell  suhatnnce;  the  granule  oTtheinna 
zone  dissolve  to  form  part  of  the  MrcreLiun  ;  new  gruiutes  ore  fonned  in  ibe  homogcneoitt  subUmnoe  of 
the  outer  zone,  and  pass  toward  the  inner  jrone  {fituienhain,  K&hHt  anti  Lea). 

Cbsnees  in  the  Cella  during  Digestion. — During  \\itjirsf  stage  (6  to  lo  hoort)  the  gnnoUr 
inner  tunc  diminishes  in  size,  the  gT«nule»  disappear,  while  the  striated  outer  xnne  incrra*es  in  litc 
(Klg.  187,  2).  In  the  seeond  stage  ( lo  lo  30  hours)  the  inner  zone  in  greailj  enlarged  at>d  i^rmnalar, 
while  the  outer  zone  is  small  [Kig.  187,  3).  During  hunger  the  outer  zone  again  cnlar{:e»  (Fig. 
1S7,  I}.  In  a  gland  where  paralytic  secretion  lakes  place.  Ihe  gland  is  much  diminished  in  «iie, 
the  cells  arc  shriveled  (Fig.  1S7,  4)  and  grcotly  cliaiiycd.  According  to  0(;ata,  some  cells  actoallj 
disappear  dunng  secretion. 

Tne  axiallyplaced  excrelor}-  duct  conssts  of  an  inner  thick  and  an  outer  loose  wall  of  connecli<re 
and  elastic  tissues,  lined  by  a  single  layer  of  columnar  rpilhetium.  Small  mucous  glands  lie  in  the 
largeM  trunks.  Npn-n]cdullAte<l  nerves,  with  gani^lin  in  their  course,  pa»  to  the  acini.  I>ui  their 
mode  of  lerminalion  is  unknown.  The  blood  vessels  form  a  rich  d^nllary  plexus  round  wne 
acini,  while  round  otherb  there  ore  very  few.  Ktihne  and  Lea  found  peculiar  ^mall  cells  in  groups 
between  the  alveoli,  and  supplied  with  convolutotl  capillnrics  like  glomeruli.  Their  signilicance  is 
entirely  unknown.  [They  are  probably  l)inphatic  in  their  nature  1  The  lymphatics  rnrmble  thoM 
of  the  salivary  glands.  When  a  colored  injection  is  forced  into  tlic  ducts  under  a  high  pressure,  fine 
intercellular  pas:>agcs  between  the  secreting  celU  are  formetl  {Savioitts  canali),  but  they  arc  artiJinM 
products.  ] 

[Number  of  Ducts. — In  making  experiments  upon  the  pnncretuic  secretion,  it  i«  important  lo 
remember  that  the  numlirr  of  pancreatic  duct-s  varies  in  different  animals.  In  man  there  is  one  duct 
opening  along  wjtli  the  common  bile  duct  at  V'atcr's  ampulla,  at  the  junction  of  the  middle  and  Iowa 
thini  of  the  duodenum.  Hie  rabbit  has  two  ducts,  the  larger  a|>cning  !H:i>arately  about  I4  inches  f  JO 
to  35  cm.)  below  the  entrance  of  the  bile  ducL  The  Ao^  and  cot  have  each  two  ducts  opowif 
separately.  ] 

Chemistry. — The /r^;4  pancreas  contains  water,  proteids,  fermenLs,  fats,  and  salts.  In  •  glokd 
which  has  been  exposed  for  some  time,  much  Icucin,  isoleucin,  butalin,  tyrosin,  oAen  xanthin  and 
gunnin,  are  found:  lactic  and  falty  acids  seem  to  be  formed  from  chemical  docompositiocis t 
place. 


169.  THE  PANCREATIC  JUICE.— Method.— Regner  de  Granf  (1664)  tied  a  1 
the  pancreatic  duct  of  a  dog,  arid  cotlcrctei)  the  juice  in  a  .small  bog.  Other  expcrimentcn  made  1 
temporary  fistula.  To  make  a  permanent  flstula,  the  abdomen  is  opened  (dog),  the  poncreatie  - 
duct  pullcrl  forward,  and  stitched  to  the  aMominall  wall,  with  which  it  unites.  Heldcnhain  cuts  oat 
the  imrt  of  the  duodenum  where  the  duct  opcn.s  into  it,  from  its  continuity  with  the  inledtne,  and  fias 
it  outside  the  abdominal  wound.  ^H 

The  accretion  obtained  from  a  permanent  fistula  is  a  copious,  slightly^ 
active,  watery  secretion,  containing  much  sodium  carbonate ;  while  the  fhuk  fluid 
obtained  from  the  fistula  before  inflammation  sets  in,  or  that  from  a  temporary 
fistula,  acts   far   more  energetically.     This  thick  secretion,  which  is  small  in 
amount,  is  the  ff/rwa/ secretion.     The  copious  watery  secretion  is  perhaps  caused 
by  the  increased  transudation  from  the  dilated  blood  vessels  (possibly  m  conse- 
quence of  the  paralysis  of  the  vasomotor  nerves).     It  is,  therefore,  in  a  ccrtaia  J 
sense,  a  "paralytic  secretion  "  (§  145)-     The  quantity  varies  much,  according ^ 
as  the  fluid  is  thick  or  thin.     During  digestion,  a  large  dog  secretes  z  to  1.5 
gramme  of  a  thick  accretion  (C/.  Bernard).     Bidder  and  Schmidt  obtained  in 
twenty-four  hours  35  to  ti?  grammes  of  a  watery  secretion  per  kilo,  of  a  dog. 
When  the  gland  is  not  secreting,  and  is  at  rest,  it  is  soft,  and  of  a  pale  yellowish- 
red  color,  but  during  secretion  it  is  red  and  turgid  with  blood,  owing  to  the 
dilatation  of  the  blood  vessels. 

The  normal  secretion  is  transparent,  colorless,  odorless,  saltish  to  the  taste, 
and  has  a  strong  alkaline  reaction,  owing  to  the  presence  of  sodium  carbonate, 
so  that  when  an  acid  is  added,  CO,  is  given  off.  It  contains  albumin  and  alkali- 
albuminate ;  it  is  sticky,  somewhat  viscid,  flows  with  diflliculty,  and  is  coagulated 
by  heat  into  a  white  mass.  In  the  cold,  there  separates  a  jelly-like  albuminous 
coagulum.  Nitric,  hydrochloric,  and  sulphuric  acids  cause  a  precipitate;  while 
the  precipitate  caused  by  alcohol  is  redissolved  in  water.  CI.  Bernard  found  in 
the  pancreatic  juice  of  a  dog  8.2  per  cent,  of  organic  substances,  and  0.8  per'ccnt- 
of  ash.     The  juice  (dog)  analyzed  by  Carl  Schmidt  contained  in  1000  parts: — 


5WiV  thhridtt    .......  7.36 

•*     phosphate 0.45 

"     sulphate, o.io 

Soda 0,32 

Lirae, 0.3S 

Magnesia, O.05 

Potouic  sulphale 0.03 

Ferric  oxide, 002 

The  more  rapid  and  more  profuK  the  KCretion,  ihe  poorer  It  is  in  organic  Kub^tanccs,  while  the 
inorganic  remiun  almost  the  soiue;  nevertheless,  the  total  quantity  of  solids  i£  greater  than  when  tbe 
quantity  secreted  is  small  i^BrmsUiM).  Trace*  of  Irucin  and  soaps  are  present  in  the  fresh  juice 
[It  usually  contains  few  or  no  structural  elements.  Any  structural  etements  present  in  the  fresh  juice, 
u  well  as  its  protdds,  are  digested  l"y  the  peptone- funning  fcnntiii  of  the  juice,  especially  if  the  latter 
be  kepi  for  some  time.  If  the  fresh  juice  is  allowed  to  stand  for  some  time,  and  then  mixed  with 
chloriae  water,  a  red  color  is  obtained.] 

Ccmcretion*  are  rarely  formed  in  the  pancrcntie  ducts;  they  usually  con-ust  of  calcic  carlnmate. 
Dextrose  has  been  found  in  the  juice  in  diabetes,  and  urea  in  jaundice  SchifTs  statement  that  the 
pancreas  secretes  only  alter  the  absorption  of  dextrin,  hn.i  not  been  con6rmed.  The  secretory  actirity 
tA  the  pancreas  is  not  dependent  on  the  pecsence  of  the  spleen. 

170.  ACTION  OF  THE  PANCREATIC  JUICE.— The  presence  of 
at  least  four  enzymes,  or  hydroiytic  ferments,  makes  the  pancreatic  juice  one 
of  the  most  important  digestive  fluids  in  the  body. 

I.  Diastatic  action  is  due  to  the  diastatic  ferment,  amylopsin,  a  substance 
which  seems  to  be  identical  with  the  saliva  ferment;  but  it  acts  much  more 
energetically  than  the  ptyalin  on  saliva,  on  raw  starch  as  well  as  upon  boiled 
starch ;  at  the  temperature  of  the  body  the  change  is  effected  almost  at  once, 
while  it  takes  place  more  slowly  at  a  low  temperature.  Glycogen  is  changed  Into 
dextrin  and  grape  sugar;  and  achroodextrin  into  sugar.  Rven  cellulose  is  said  to 
be  dissolved,  and  gum  changed  into  sugar  by  it,  but  inulin  remains  unchanged. 

According  to  v.  Mering  and  Musculu.«,  the  ^torch  (as  in  the  case  of  the  saliva,  \  148)  is  changed 
into  Rialtoa*,  aiul  a  reducing  dextrin;  w  alM>  is  glycogen.  Amylopsin  changes  achroodextrin  into 
naltose;  at  40^  C.  maltose  is  slowly  changed  into  dextrose,  but  cone  sugar  is  not  changed  into  invert 
sogmr.  The  ferment  is  prccipiliit«l  by  alcohol,  while  it  is  cxtractwl  by  glycerine  without  undergoing 
any  essential  change.  All  conditions  which  destroy  the  diastatic  action  of  saliva  W  I4HI  similarly 
affect  iu  action,  but  the  admixture  with  acid  gastric  juice  (its  acid  being  neutralized)  or  bile  does  ool 
aenn  to  haxT  any  injurious  influencr.  Tliis  ferment  is  abcteiit  from  the  pancreas  of  ncw-bom  children 
\KoivynH). 

Preparmtion. — The  ferment  is  isolated  by  the  same  methods  as  oUnin  for  ptynlin  (}  148) ;  but  the 
tiTptic  fennent  is  precipitated  nt  the  same  time.  The  addition  of  neutral  salts  (4  per  ccnL  solution), 
#./.,  potasBiium  nitrate,  conunou  salt,  ammonium  chloride,  increases  the  diastatic  action. 

n.  Tryptic  action,  or  the  action  on  proteids,  depends  upon  the  presence  of 
a  hydroiytic  ferment  which  is  now  termed  trypsin  {Kukne).  Trypsin  acts  upon 
proteids  at  the  temperature  of  the  body,  when  the  reaction  is  alkaline,  and  changes 
them  first  into  a  globulin-like  substance,  then  into  propeptonc  or  albumose,  and 
lastly  into  a  true  peptone,  sometimes  called  tryptone.  'j'he  albumoses  are  not  so 
abimdant  or  so  easily  separated  as  in  gastric  digestion  (see  also  p.  393)'  The 
proteids  do  not  swell  up  before  they  are  changed  into  peptone  [but  they  are 
eroded  or  eaten  away  by  the  action  of  the  juice].  When  the  proteid  has  been 
previously  swollen  up  by  the  action  of  an  acid,  or  when  the  reaction  of  the  medium 
u  acid,  the  transformation  is  interfered  with. 

SaSUaces  yielding  gelatin,  nuclein,  and  Hb,  resist  tryjisin :  glutin  and  fwollen-up  gelatin  yielding 
•ofalUDCes  a'e  changed  into  gelatin -peptoae,  but  the  latter  undergoes  no  (uilher  chaise.  Hb-O.  is 
iplil  np  mto  albumin  and  h.-rmochroiiK>gen.  In  other  respects,  trypsin  acts  on  tissues  cootainmg 
albMBiRi  just  like  pepsin  {\  166,  III). 

Trypun  is  never  ab<hrnt  from  the  paocreM  of  new-bom  children  (Zwtiftl'\,  and  it  may  be 
extracted  by  water,  which,  however,  aloo  diuolves  the  albumin.  Kohne  has  carefully  separated  the 
albunuB  and  obtained  the  fennmt  in  a  pure  state.  It  is  soluble  in  water,  insoluble  in  alcohol.  Pep- 
tin  and  hjrdrocfakric  acid  together  act  upon  trypsin  and  destroy  it;  hence  it  15  not  adTivible  to  admin- 
itter  tiypddn  by  the  mouth,  as  it  would  be  destroyed  in  the  itomadi.  V^iIkii  dried  it  may  be  bcaicd 
to  160^  vitboul  injury. 
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Trypsin  is  formed  within  the  pancreas  by  a  '*  mother  substance,"  orJ 
zymogen,  taking  up  oxygen.  The  zymogen  is  found  in  small  amount,  6  to  lo 
hours  alter  a  meal,  in  the  inner  zone  of  the  secretory  cells,  but  after  16  houn  it  is 
very  abundant  in  the  inner  zone  of  the  cells.  It  is  soluble  in  water  and  glycerine. 
Trypsin  is  formed  in  the  watery  solution  from  the  zymogen,  and  the  same  result 
occurs  when  the  pancreas  is  chopped  up  and  treated  with  strong  alcohol  (Ku^ne), 
The  addition  of  sodium  chloride,  carbonate,  and  glycocholate,  favors  the 
activity  of  the  tryptic  ferment  {Heidfnhain).  [The  following  facts  show  thai 
zymogen  (C'Vij,  ferment),  or,  as  it  has  been  called,  trypsinogcn,  is  the  prccunor 
of  trypsin,  that  it  exists  in  the  gland  cells,  and  requires  to  be  acted  upon  before 
trypsin  is  formed.  If  a  glycerine  extract  be  made  of  a  pancreas  taken  from  an 
animal  just  killed,  and  if  another  extract  be  made  from  a  similar  pancreas  which 
has  been  kept  for  24  hours,  it  will  be  found  that  an  alkaline  solution  of  the  former 
has  practically  no  effect  on  fibrin,  while  the  latter  is  powerfully  proteolytic.  If  a 
fresh  and  still  warm  pancreas  be  rubbed  up  with  an  equal  volume  of  a  1  per  cent, 
solution  of  acetic  acid,  and  then  extracted  with  glycerine,  a  powerfully  proteolytic 
extract  is  at  once  obtained.  Trypsin  is  formed  from  zymogen  by  the  action  of 
acetic  acid.  There  is  reason  to  believe  that  trypsin  is  formed  from  zymogen  by 
oxidation,  and  that  the  former  loses  its  proteolytic  power  after  removal  of  its 
oxygen.  The  amount  of  zymogen  present  in  the  gland  cells  seems  to  depend 
upon  the  number  and  size  of  the  granules  present  in  the  inner  granular  zone  of  the 
secretory  cells.] 

Further  Effects, — When  trypsin  is  allowed  to  act  upon  the  hemipepione 
formed  by  its  own  action,  the  latter  is  partly  changed  into  the  amido-acid,  leucin, 
or  araido-caproic  acid  (C.HiaNO,),  and  tyrosin  (C,H„NO,),  which  belong* 
to  the  aromatic  series  (§  252,  IV,  3).  Hypoxanthin,  xanthin,  and  aspartic  or 
amido-succinic  acid  (C.HTNOi),  are  also  formed  during  the  digestion  of  fibrin  and 
gluten,  and  so  are  glutamic  (QHoNO,)  and  amido-valcrianic  acid  (CsH,|NO,). 
Gelatin  is  first  changed  into  a  gelatin-peptone,  and  afterward  is  decomposed  into 
glycin  and  ammonia. 

Putrefactive  Phenomena. — If  the  action  of  the  pancreatic  juice  be  still 
further  prolonged,  especially  if  the  reaction  be  alkaline,  a  body  with  a  strong, 
stinking,  disagreeable  fecal  odor,  indol  (CsHtH)!  skatol  (CbH,N),  and  phenol 
(C«H,0),  and  a  substance  which  becomes  red  on  the  addition  of  chlorine  water 
IStrftttri/),  [or  it  gives  with  bromine  water  first  a  pale  red  and  then  a  violet  tint 
{A'ii/inr),']  volatile  fatty  acids  are  formed,  while,  at  the  same  time,  H,  CO,,  H^, 
CH,,  and  N  are  given  off.  The  formation  of  indol  and  the  other  substances  just 
mentioned  depends  upon  putrefaction  (§  184,  III).  Their  formation  is  pre- 
vented by  the  addition  of  salicylic  acid,  or  thymol,  which  kills  the  organisms 
upon  which  putrefaction  de|>ends  (Kuhne). 

[Artificial  Digestion. — From  fibrin  placed  in  pancreatic  juice,  or  in  a  1  per 
cent,  solution  of  sodium  carbonate  containing  the  ferment  trypsin,  peptones  arc 
rapidly  formed  at  40"  C.  When  we  compare  gastric  with  pancreatic 
digestion,  we  find  that  the  fibrin  in  pancreatic  digestion  is  eroded,  or  eaten  away, 
and  never  swells  up.  The  process  takes  place  in  an  alkaline  medium,  and  never 
in  an  acid  one.  In  fact,  a  1  per  ct-nt.  solution  of  sodic  carbonate  seems  to  play 
the  same  part  in  assisting  trypsin  that  a  .2  percent,  solution  of  HCI  does  for 
pepsin  in  gastric  digestion.  In  gastric  digestion  acid  albumin  or  synionin  is 
formed  in  addition  to  the  true  peptones.  In  pancreatic  digestion  a  body  resem- 
bling aikali  aibumin^  which  passes  into  a  globulin-like  body,  and  ultimately  into 
a  peptone,  is  formed.  Of  the  peptones  so  produced,  one  is  called  anti-peptone, 
and  it  is  not  further  changed,  but  part  of  the  proteid  is  changed  into  hemi- 
peptone.  This  body,  when  acted  upon,  yields  leucin  and  tyrosin.  When  putre- 
faction takes  place,  the  bodies  above  mentioned  are  also  formed.  We  might 
represent  the  action  of  trypsin  thus:    Proteid  -h  trypsin  -f  i   per  cent,  sodiui 
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carbanatCt  kept  at  38°  C.  =:  formation  of  a  globulin-like  body*  and  then  anti- 
peptone  and  hemi-peptone  are  formed. 


AKn-PEPTons 


undergoes  no  further 
change. 


jittda 


Hemi-peftonc 


yitt^ 


Nomui]  D%c*u«e  Productt. 


Leacirv, 
Tyroiin. 
Hypoxantliin. 
Asportic  Acid. 


Pnlre&ctivc  Producu. 


Tndol, 

Skatol. 
Phenol. 


Volatile  Fatly  Acids, 

H,  CO.,  n.s. 

CH,.  ± 


It  seems  that  trypsin  in  pure  water  can  act  slowly  upon  fibrin  to  produce  pep- 
tone.     Pepsin  cannot  do  this  without  the  aid  of  an  acid.] 

[Kiihne's  Pancreas  Powder. — This  is  prepared  by  the  prolonged  cxlrac- 
lion  of  fresh  pancreas  of  ox  with  alcohol  and  then  with  ether.  If  the  dry  pow- 
der be  extracted  for  several  hours  with  a  i  per  cent,  solution  of  salicylic  acid, 
#nd  filtered,  a  fluid  with  powerful  proteolytic,  but  no  diasialic,  properties  is 
obtained.  Several  hours  afterward  much  tyrosin  may  separate  out,  which,  of 
course,  must  be  removed  by  filtration.  The  clear  fluid,  when  mixed  with  fibrin 
and  a  I  per  cent,  solution  of  sodic  carbonate,  rapidly  digests  fibrin.  If  it  be 
desired  to  obtain  a  true  pancreatic  digestion,  with  none  of  the  products  of  putre- 
faction, the  mixture  must  be  strongly  *'  thymolizcd  "  with  a  25  per  cent,  alcoholic 
Solution  of  thymol  {Kiihtte).'\ 

[S<l4ch«now  linds  that  rgg  nll>umin,  toiled  in  a  vacuum  nt  35°~40°  C,  U  more  rapidly  digested 
[dum  fibrin  by  a  specially  prepared  Ir^psin.]  When  protcids  are  l>oile(l  fur  a  lung  time  vilb  dilute 
H(M  t,.  wc  olxain  peptone,  then  /eutiH  and  iyrflsin  ;  gelatin  >'ields  g/ynrt.  HypoxanlhJn  and  \niithin 
■re  otaoinixl  in  the  same  way  h)-  umilarly  boiling  ^brin,  and  the  former  may  even  be  oUnincd  by 
titirtn  with  wali-r  {ChitUrt'ifn'). 

very  rrm.nrkalile  ilmt  tile  juice  of  the  green  fruit  of  the  papaya  tree,  or  Carica  papaya, 
»  dtgcstivt!  propcrtiiiN  ( A'.?>',  lyiffmaci  \,  and  that   the  action  »  due  to  |X?])toiii/ing  ferment, 
relatnl  to  trvjMiin,  and  called  caricin  or  papain.     [It   forms  a  tniL- [>r|]totic,  an  inlrrtnrflinle 
ind  Icudn  aivd  tyTusiD.     It  also  contains  a  milk  coagulating  ferment  {A/ar/iti).]     'Hic  milWy 
of  the  fig  tree  ha*  a  .Mmilar  action.     Sprouting  malt,  vclch,  hop,  hemp  during  sprouting,  and 
'the  rvcqicaclr  of  the  aitichoke  conluin  a  {Mrptoiiizing  ferment.     Leucin,  tyrosin.  glutamic  and  aspartic 
kb.  and  xwiihin  are  formed  in  the  eteetls  of  some  plantn;  hence  we  may  as^tume  lliat  the  procesaca 
dcoomposilion  in  »ome  "veds  are  closely  allied  to  the  fcrmonlative  actions  that  r>ccur  in  the  intestine. 

III.  The  action  on  neutral  fats  is  twofold  :  (1)  It  acts  upon  fats  so  as  to 
Ibrin  a  fine  pertnancnt  emulsion.  (2)  It  causes  neutral  fats  to  take  up  a 
molet  ule  of  water  and  split  into  glycerine  and  their  corresponding  fatty 
acids : — 

(C»,H„,0.)  -f  3  (H,0)  =  (C.H.O,)  -f-  3  (CuH«0,). 

TfiKcarln.  Witter.  Glycenne.  Stearic  Acid. 

The  latter  result  is  due  to  the  action  of  an  easily  decomposable  fat-splitting 
ferment  (C/.  Bernani)^  also  called  stcapsin.  lecithin  is  decomposed  by  it 
into  glyccro-phosphoric  acid,  neurin  and  fatty  acids.  The  fatty  acids  thus  lib- 
erated are  jiartly  saponified  by  the  alkali  of  the  pancreatic  and  intestinal  juices, 
and  partly  emulsionized  by  the  alkaline  intestinal  juice.  Both  the  soaps  and  emul- 
sions are  capable  of  being  absorbed  (§  191). 

Etnalsification. — The  most  important  change  effected  on  fats  in  the  smalt  intestine  is  the  prodnc- 
Ikm  of  an  emuUioo,  or  their  sulKlimion  into  cxcenlingly  minute  particles  {\  I9I ).  Iliis  is  necessary 
to  order  that  the  fats  may  be  taken  up  liy  the  lacieali.  If  the  fat  to  l>c  t-muLiiHed  contain  a  free  faUy 
■dd*  I.  ^,.  if  it  l>c  slightly  randd,  and  if  the  fluid  with  which  it  is  mixed  be  alkal'mr,  emuUifi- 
ctfion  takci  place  cklrefncly  rapidly  {BtHeke).  A  ilmp  of  crxl  tivcr  tiil,  whicli  in  it&  uiipurified 
condition  always  contains  fatty  acids,  on  toeing  placed  in  a  drop  of  0.5  per  cent.  Miluticn  of  soda, 
bOanity  gives  rise  to  an  anukiun  {jGad\.     The  excessively  minute  oil  globules  thai  compose  the 
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emulsion  ure  6rst  covered  with  k  layer  of  soap,  which  soon  dissolves,  and  in  Ihc  process  foiall  glofauks- 
are  detached  from  the  original  oil  glotiules.  'Yhe  fresh  surface  is  again  covered  by  a  aoop  mm,  and 
the  procoft  is  repeated  over  and  over  again  until  aii  excessively  fine  emuUion  u  oliiuned.  If  the  te 
contain  much  fatty  acid,  and  the  solution  of  t>oda  be  more  concentrated,  "  mytiim  forms  "  are  obtained 
similar  to  those  which  arc  furrocfl  when  fresh  nerve  fibres  are  teased  in  water.  Animal  oils  emultioniu 
more  readily  than  vej^etabte  oils ;  castor  oil  does  not  emuUionize  (  Gad ).  [  It  is  ektremely  dbfvculi  to 
(ditalD  a  ptrfeclly  iieutrul  oil.  as  most  oils  contain  a  trace  of  a  fatty  ncid.  In  fact,  if  on  adding  a 
weak  solution  of  sodic  carbonate  to  oil  or  fatty  mutters,  tlui'il  at  the  temperature  of  the  body,  an  eniul- 
sJon  Is  obtained,  one  may  be  sure  that  the  oil  contained  o  fatty  acid,  so  that  Bernard's  view  about  aa 
"cimiUjve  ferment"  Wing  tieces^ary  is  not  endorsed.  The  fatty  add  set  free  by  the  fat-»p)illing 
ferment  enables  the  alkaline  pancreatic  juice  at  once  to  produce  an  emulsion.] 

Pat-Splitting  Ferment.— This  is  a  very  unstable  body,  and  must  Dc  prepared  from  the 
perfectly  fresh  gland  by  rubbing  it  up  with  powdered  glass,  glycerine,  and  a  X  per  cent,  solution  of 
sodic  carbonate,  and  allowing  it  to  stand  for  a  day  or  two  (GtH/iter),  [This  fermcat  b  said  to 
cauie  an  emulsion  of  oil  an<!  mucilage  tinged  blue  with  litmus  at  40°  C.  to  become  red  ( Camgeg^^ 
In  performing  this  experiment  notice  that  the  mucilage  is  perfectly  neutral,  as  gum  arabtc  is  fi 
qucnlly  acid.] 

[Pancreatic  Extracts. — The  action  of  the  pancreas  may  lie  tested  by  making  a  watery  extract 
of  a  perfectly  fresh  gland.  Such  an  extract  always  acts  upon  starch  and  generally  upon  fais,  but 
this  extract  and  also  the  glycerine  extract  vary  in  their  action  upon  proteids  at  different  times.  If 
the  extract — watery  or  glycerine — l>e  made  from  the  pancreas  of  a  fasting  animal,  the  tryptic  action 
is  alight  or  absent,  but  is  active  if  it  be  prepared  from  a  gland  4  to  10  houni  after  a  meal.  The 
ptDcreatic  preparations  of  Hunger  of  Manchester,  Savory  and  Moore,  or  Burroughs  and  Welcume.ail 
posaen  active  dlasialic  and  proteolytic  properties.] 

[Pancreas  Salt. — Prosser-Jamcs  proposes  to  employ  common  salt  mixed  with  peptin,  which  he 
calls  peptic  salt ;  and  he  advocates  the  use  of  another  preparation  composed  of  the  pancreatic  ferments 
and  common  salt,  pancreatic  salt.] 

The  pancreas  of  new  born  children  contains  trypsin  and  the  fat-decomponi^  fcnneni,  but  not 
the  diaslalic  one  {ZweiM).  A  slight  diastatic  action  is  obtained  after  two  months,  but  the  full  di«ct 
is  not  obtained  until  after  the  6rst  year  \Korowin). 

IV.  The  pancreas  contains  a  milk-curdling  ferment,  which  maybe  extracted 
by  means  of  a  concentrated  solution  of  common  salt. 

171.  THE  SECRETION  OF  THE  PANCREATIC  JUICE.— Rest 
and  Activity. — As  in  other  glands,  we  distinguish  a  quiescent  state,  during 
which  the  gland  is  soft  and  pale,  and  a  state  of  secretory  activity,  during  which 
the  organ  swells  up  and  appears  pale  red.  The  latter  condition  only  occurs  after 
a  meal,  and  is  caused  probably  rcflexly,  owing  to  stimulation  of  the  nerves  of  the 
stomach  and  duodenum.  Kuhne  and  I-ea  found  that  all  tlie  lobules  of  the  gland 
were  not  active  at  the  same  lime.  The  pancreas  of  the  herbivora  secretes  unin- 
terruptedly [but  in  the  dog  secretion  is  not  constant]. 

Time  of  Secretion, — According  to  Bernstein  and  Heidenhain,  thesccrecios 
begins  to  flow  when  food  is  introduced  into  the  stomach,  and  reaches  its  maxi- 
tnum  2  to  3  hours  thereafter.  The  amount  falls  toward  the  5th  or  7th  hour, 
and  rises  again  (owing  to  the  entrance  of  the  chyme  into  the  duodenum)*  toward 
the  9th  and  nth  hour»  gradually  falling  toward  the  I7lh  to  24ih  hour,  until 
it  ceases  completely.  When  more  food  is  taken,  the  same  process  Is  repeated. 
As  a  general  rule,  a  rapidly-formed  secretion  contains  less  solids  than  one  foruied 
slowly. 

Condition  of  Blood  VeS3els. — During  secretion,  the  blood  vessels  behave 
like  the  blood  vessels  of  the  salivary  glands  after  stimulation  of  the  chorda — 
they  dilate,  and  the  venous  blood  is  bright  red — thus,  it  is  probable  that  a 
similar  nervous  mechanism  exists  [but  as  yet  no  such  mechanism  has  been 
discovered].  The  secretion  is  excreted  at  a  pressure  of  more  than  17  mm. 
(rabbit). 

Effect  of  Nerves. — The  nerves  arise  from  the  hepatic,  splenic,  and  superior 
roesentunc  plexuses,  together  with  branches  from  the  vagus  and  sympathetic. 
The  secretion  is  excited  by  stimulation  of  the  medulla  oblongata,  as  welt  as  by 
direct  stimulation  of  the  gland  itself  by  induction  shocks.  [It  is  not  arrested 
by  section  of  the  cervical  spinal  cord.]     The  secretion  is  suppressed  by  atropin 
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[in  the  dog,  but  not  the  rabbit],  by  producing  vomiting,  by  stimulation  of  the 
central  end  of  the  vagus,  as  well  as  by  stimulation  of  other  sensory  nerves,  e.g.,  the 
crural  and  sciatic.  Extirpation  of  the  nerves  accompanying  the  blood  vessels 
prevents  the  above-named  stimuli  from  acting.  Undcrthesecircumsianccs,  a  thin 
••  paralytic  secretion,*'  with  feeble  digestive  powers,  is  formed,  but  its  amount 
is  not  influenced  by  the  taking  of  food.  [Secretion  is  excited  by  the  injection  of 
ether  into  the  stomach,] 

Bxtiipation  of  the  gland  may  be  performed,  or  the  dact  ti£[atured  tn  animals,  without  causing 
any  very  great  change  In  their  nutriiion;  ihe  absorption  of  fat  from  the  intestine  does  not  cease. 
After  the  duct  is  ligatured  it  may  be  again  restored.  Ligature  of  the  duct  may  cauK  the 
formation  of  cytts  in  the  duct  and  atrophy  of  the  glajtd  substance.  Pigeons  soon  die  after  this 
oi>eralion. 

[172.  PREPARATION  OF  PEPTONIZED  FOOD.— Peptonized  food 
may  be  given  to  patients  whose  digestion  is  feeble  i^Roberti).  Food  may  be  pep- 
tonized cither  by  peptic  or 
tryplic  digestion,  but  the 
former  is  not  so  suitable  as 
the  latter,  because  in  pep- 
tic digestion  (he  graceful 
odor  and  taste  of  the  food 
are  destroyed,  while  bitter 
by-products  are  formed,  so 
that  pancreatic  digestion 
yields  a  more  palatable  and 
agreeable  product.  As  tryp- 
sin is  destroyed  by  gastric 
digestion,  obviously  it  is  use- 
less to  give  extract  of  the 
pancreas  to  a  patient  along 
with  his  food.] 
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[Peptonized  Milk. — "A  pint  of    ^KfSSSi^/y  -^^^^^^^^^^^^Hl^   l"'^''- 

mJtk  u  ililuU-d  with  n  quarter  of  n     ^^S^^^T:  ^^"3^11^^^^^^^^^^^^^^^  lobuW 

puil  of  water  and  htruted  to  60"*  C.      ^^■■■BtV  ^T^C^^^^^^^^^^H        Vtln. 

Two  or  three  teaspoon  fuU  of  Ben- 
gcr's    liquor  pancreflticui,  togrthcr 
with  to  or  20  grains,  of  bicarldiiate  Section  of  human  liver.  X  »o.  »howmg  the  liver  lobule*  and  ttie  nidlate 
of  wda,  sre  then  mixed  therewith."  arrangement  of  ihcir  cdk  from  the  cantial  or  intra'lobular  vein. 

Keep  tbe  mixture  at  38°  C.  for  atx>ut 
two  h<»ir<,  nnd  then  boil  it  for  two  tff  three  minntes,  which  nrreiits  the  ferment  action.] 

[Peptonized  Gruel,  prepttred  from  oatmeal,  or  any  farinaceous  food,  is  more  af^eable  thai) 
prptoni/rd  inilL..  ta>  the  hitter  flavor  doc5  nnl  appear  to  he  dcvclo|}ed  in  the  pancreatic  digestion  of 
^^gefablt  proteids] 

[Peptonized  Milk  Gruel  yielded  Roberts  the  most  saUsfactory  results,  as  a  complete  and  highly 
tiHtnlkius  food  for  weak  i!igr5lioav  Make  a  thick  i^niet  from  any  farinaceoas  food,  e.^.^  oatmeal,  and 
while  ttiU  hoc  add  to  it  an  ci^ual  volume  of  cold  milk,  when  the  mixture  will  have  a  temperature  of 
5a*  C  (125°  F,).  To  each  pint  of  this  mixture  add  two  w  three  tea-spoonfuU  of  liquor  pancreaticus 
«nd  SO  grains  of  bicarbonate  of  soda.  It  is  kept  warm  for  two  hours  under  n  "  cowy."  It  is  then 
boiled  for  a  few  minutes  nnd  stntined.  The  biUcmcw  of  the  digciitcd  milk  i^  almo<»i  cotuplctcly  cov- 
ered by  the  sugar  produced  during  the  process.] 

[Peptonized  soups  and  beef  tea  have  also  Ixrcn  made  and  used  with  success,  and  have  been  adminis- 
tered both  by  the  mouth  and  rectum.] 

[I'epiunizing  powdeni  cuntuiniii^  llie  prui^icr  pro^xirtions  of  ferment  and  sodic  bicarbonate  arc  pre- 
p«red  by  IlMiger,  anrJ  Hurmuehs  and  Wekninc] 

173.  STRUCTURE  OF  THE  LIVER.— The  liver,  the  largest  gland 
in  the  body,  consists  of  innumerable  small  lobules  or  acini,  :  to  2  millimetres 
(  Vj"  ^^  T*I  '"ch)  in  diameter.  These  lobules  are  visible  to  the  naked  eye.  All  the 
lobules  have  the  same  structure. 
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1,  The  Cmpaule. — The  liver  U  covered  by  a  thin,  fibrous,  (imily  adherent  capsule,  which  1 
on  ita  free  surface  a  layer  of  endothelium  derived  from  the  peritoneum.  The  capsule  lendf  fiac'' 
septa  into  the  otgan  between  the  lobules,  but  it  is  also  continued  into  the  interior  at  the  tranivcne 
figure,  where  it  surrounds  the  porlal  vein,  itepntic  arlcry,  and  bile-ducl.  and  accompanies  Ibae 
smicturr<s  as  the  capsule  of  Glisson,  or  inter- lobulnr  connective  tissue.  The  spaces  io  which  these 
LhrcL'  :iiructurc!>  Uc  arc  known  n>  portal  canals.  In  some  ouimids  (pig,  camel,  polar  bear)  the 
lolndes  are  .separated  from  each  other  by  the  somewhat  kmellated  coonective  tissue  of  GItsson's  cap- 
sule, but  in  man  thU  i&  but  slightly  developed,  so  that  adjoining  lobules  are  more  or  le»  fu^ed.  Very 
delicate  connective  tissue,  Init  small  in  amount,  is  also  found  within  the  lobules,  leucocytes  are 
sometimes  found  in  the  ti<^sue  of  OUs6on's  ca|jv.ule. 

2.  Blood  Vessels.— (<()  Brnncho.  of  the  Verious  System. — The  portal  vein,  after  its  entrance 
into  the  liver  at  the  portal  fiwurc,  i^va  off  numerous  branches  Ijnng  between  the  lobules,  and  altj. 
malely  forming;  itmull  trunks  which  reach  the  periphery  of  the  lobutc:i,  whia-e  llicy  funn  a  rich  pleiuk 
71km  are  thr  inter-lobular  veins  (Figs.  188,189,  '^•O'     From  these  veins  numcrons  capillarici 
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1,  Scheme  uf  B  liver  lobule — Ki.  y.i,  inler-lolxiUr  vcim  (porul) ;  Ke,  c«ntntl  or  Intn-UAmUir  vein  (betiatic) .  c,  c. 
ca|>iltiiries  twtwecn  both;  fO,  kub'lobuUr  veim  Kf,  reon  viuculari*  ;  H.  H,  hectic  unery.iiviiM  braaclM, 
r.  r,  to  Gllut'o'i  capfule  And  the  brccr  v«w«la,  and  ulUastely  romiini]  lh«  veiUK  vaKularc*  ■!  i,  r,  opcaiM 
inio  the  in Irv- lobular  ci>pi Hariri  :  g.  lilTc  itud*;  jr.  m,  liilm-luttulBr  tiilmr^  chunncU  l>c1w«cn  die  liwrccfb;  ^,  m, 
poftilion  of  Ihc  liver  cellti  bctwctn  ihc  mcvhrs  ol  the  blood  capilLiti».  II,  IxiUteil  llvvr  C«lb— «.  s  bkxK)  capd- 
lary  ;  m,  fine  btle-capilUnr  channel. 

(c.  *■)  ore  given  off  to  the  entire  periphery  of  the  lobule.  The  capillarie&  converge  toward  the  cenn 
of  the  lobule.  As  they  proceed  inward,  they  form  elongated  mcabea,  and  between  the  capillaries  lie 
rows  or  columns  of  liver  cells  (ti^d).  The  capillaries  are  relatively  wide,  and  are  so  disposed  as  to 
lie  between  the  Ve«  of  the  columns  of  cells,  and  never  l»ctwecn  the  surfaces  of  two  neighhortng 
cell*.  The  capillaries  ctrnverRe  toward  the  centre  of  each  lolwle.  where  they  join  to  form  one  large 
vein,  the  intra^lobular,  hepatic,  or  central  vein  ( I'.t),  which  traverses  each  loUilc.  rt-aches  its 
kurface  at  one  f>oint,  [mssch  out,  and  Joins  similar  veins  from  other  lobnlo  to  form  the  sub-lobular 
veins  (  V.s),  These  in  turn  unite  10  form  wide  veins,  the  origins  of  the  hepatic  vein,  which  ti|«na 
into  the  vena  cava  inferior. 

(b)  The  branches  of  the  hepatic  artery  accom|MLny  the  branches  of  the  portal  vein  and  hile  duct  in 
the  portal  canals  between  ihe  lobules,  and  in  their  course  give  off  capilbrics  to  supply  the  walls  of  the 
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ran  md  Vuj^cr  bile  duct».  The  branches  of  the  hepatic  artery  nnastomose  Trequently  where 
fliey  Be  between  the  lobules.  On  reaching  the  pcrii>hery  of  ihc  loimle*,  n  ctrtniit  number  of  capil- 
IaHcs  Mxr  given  off.  which  penrtmle  the  lobule  ami  tfrminnir  iu  the  capillaries  of  t\w  portiil  vein  (i,  t). 
Thew  CApillories,  however,  which  ^pply  Ihe  witUs  of  the  postal  vein  and  large  bile  dui:i<  (r,  r),  icr- 
miiuitc  ill  reins  whid)  i-nd  in  ihe  portal  vein  (  Kv).  Several  hruncha  ~fa^i//Jiir — pas-s  to  the  surface 
of  tbe  lix-cr,  where  ihcy  form  a  widc-mcsbcd  plexus  under  the  peritoneum.  The  blood  h  returned  by 
voni,  which  inpeii  inio  faranchirs  of  ihi-  jiortal  vein. 

[Hepatic  ZoDes, — Paibotogi.sls  draw  a  sharji  distinction  between  different  zones  within  n  hqiatic 
lobule.  Ttius  the  centra)  area,  capilhuies  and  ccl!^,  fonn  the  hepatic  vein  zone,  which  u  .specially 
liaUe  to  cyiincMic  changes ;  the  area  next  the  periphery  of  the  lobule  is  the   portal  vein  xone,  whoM 
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etlU  under  certain  circuiminnces  arc  particularly  apt  lo  undergo  fatty  degencrniion ;  while  there  is 
tn  area  lying  midway  Iwtween  the  two  foregoing — the  hepatic  artery  zone — which  u  »pedally  liable 
Ut  unyloid  or  waxy  clc^eneration.  ] 

3,  Tbe  hepatic  cells  ^Kig.  189,  II,  u)  are  irregular  polygonal  cells  of  about  j^n  °^  ""  '"*^'' 
IM'o  45  m)  in  diameter  (l*ig.  I90).  The  amingemcnt  of  the  capillaries  wipiin  a  lobule  determinci 
the  amuigetnent  of  ihe  liver  cells.  The  liver  cells  forni  anastomosing  columns  which  radiate  from  the 
ceotiT  to  the  periphery  of  each  lobule  (Fig.  I9I).  [The  liver  cells  arc  u^unlly  stated  to  Iw  devoid  of 
uenrclope,  aUhough  Haycraft  states  that  the)*  possess  one.     They  Uhually  contain  a  single  nucleus. 


Fig.  19a. 
Finest  Ule  duct.    Flnnt  bile  duel  divided. 
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;  nucleoli,  but  sometimes  two  nuclei  occur.     The  protoplasm  and  nucleus  of  ench  eel! 
i  of  fibnU  j\in  like  other  epithelial  cells.      In  Mime  animaU.  gloimles  of  oil  and  pigment 
(  found  in  the  cell  protoplasm  (1-ig.  I90).     Ench  celt  is  in  relation  wiiJi  Ihc  wide-meshed 
ItBpiUarics  [i/,  tf),  ond  aUo  with  the  much  narrower  mesbwork  of  bile  ducts  (I,  x). 
30 
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Changes  in  Liver  Cells. — The  ap|}«ar)U)ce  of  the  celU  varies  with  the  period  of  digestion. 
During  hunger,  the  liver  celU  are  finely  granular  and  very  cloudy  I  Fi|;.  I9I)  ^nd  cantun  Imk 
glycogen,  but  mnny  pigment  granules,  ond  the  nucleus  is  more  frequently  absent.  Often  free  auclroll 
and  pnJc  nuclei  arc  found  {Etlenherger  and  Buum).  During  activity,  i.  e.,  ofter  a  full  nial, 
especially  i>f  'it.ircliy  fi)0(l,  ihp  ccIN  arc  larger  aud  inortr  <lislinct,  slain  iiturc  deeply  with  cucm,  apd 
contain  fewer  granules].  The  protoplii.sm  conlnin.s  conrse,  glancing  ma&&e»  of  glyocen  (i^ig.  194*  2I, 
and  near  the  surfucc  of  the  cell  it  h  conden:>cd.  and  a  fine  network  stretches  toward  the  centre  of  th* 
cell,  and  in  it  i.s  .su.tjx'ndcd  the  nuclaiK.  All  the  hqratic  cclb  are  not  in  the  same  pha^e  of  ncttrtty  ■! 
the  same  time.  Atanasiitcw  Bnd»  ihai  if  ihc  formation  of  bile  tti  the  liver  be  incrca&cd  (r.^Mhy  tedioa 
of  the  hepatic  nerve;*,  or  feeding  with  protcids),  the  tells  ore  moderately  enlarged  in  size,  and  conlatn 
numerous  granules,  which  arc  proteid  in  thdr  nature;  such  celts  rcsi'^t  the  action  of  caustic  potuh. 
When  there  U  a  great  formotion  of  glycogen  (as  after  feeding  with  {XftatorM  and  sugar),  all  the  cdUin 
very  large  and  shnqily  defined,  and  cfintoin  mnny  granules  of  glycogen,  the  cells  being  so  targe  u  M 
compr!:-j><i  the  capillaries.     These  celU  disitolve  quickly  in  cau-ttic  {Mto^h. 

Action  of  Drugs. — Some  suhMancc^  excite  the  celb  lo  activity,  and  cause  them  to  preMnt  th« 
appearance  of  cells  in  activity,  e^.,  pilocarpin,  mu&carin,  aloes,  less  so  salicylate  and   benzuaie  of 
soda  and  rhubarb,  while  airopin  and  lead  acetate  inhibit  the  signs  of  activity.     These  rruilts  were 
obtained  in  the  horse  by  Ellcnbcrgcr  and  Bourn.    [Stolnilcow.by  using  thcqiiadruple-siaininf  method 
of  Gaule^  finds  that  ihe   hepatic  cells  of  the    frog   undergo   remarkable    clianges   in   potaonJng  by 
phoBphoruB.     It  is  well  known  that  this  drug  produces  fatty  degeneration  of  the  liver  cells,  but 
a  deeper  study  shows  that   the  changes  are  l>oth  histological  and  chemical.     Besides  prodnciti^ 
remarkable  changes  in  Ihc  protoplasm  of  the  cell,  the  protoplasm  of  the  nucleus,  in  the  fonn  of  smaU 
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masses  called  plasmosoma,  passes  out  into  the  cell  body,  perhaps  to  renew  (he  latter.     The  cells    »** 
iocreosed  in  size,  botli  after  jxiisoniiig  with   phosphorus  and  after  exciaioa  of  the  fat  bodies  in    ***? 
frog  (Fig.  193),     The  fat  present  in  the  liver  in  phosphorus  poisoning  is  not   present  as  droplets-  <'■ 
oil,  but  probably  tn  a  loose  combination,  r.^.,  lecithin,  and  as  a  matter  of  fact  the  amount  of  l«^^ 
lecithin  is  extraordinority  increased.     There  is  also  an  increase  uf  the  nuclein ;  while  glycogen  '^ 
absent.     The  season  of   the  year  also  affects  them.     There  is  a  period  of  growth  from  July  '** 
NovcmlHrr,  and  one  of  decay  from  December  lo  May  {.4.  Leonard).     Antipyrin   also  produc** 
profotind  changes,  especially  in  the  nuclei.] 
4.  The  Bile  Ducts. — The  finest  bile  capillaries,  channeli,  or  canaliculi  arise  from  the  cenire  of 
the  lobule,  and   indeed  throughout  the  whole  lobule  theyfono* 
Fig,   194,  regular  anastomosing  network  of  very  fine  tubes  or  channels.    Eodl 

^^  ^  cell  is  surrtiuiidcd   by  a  jiolygonal — usually  hexagonal — mesh  (>'ij. 

^fc      ^Sk      j/S^!f^         >94>  3)<    The  bite  capillaries  alwavs  lie  in  the  middle  of  the  vuiM 
■H      ■^Rtl  ^v€n^B>      between  two  adjoining  cells  (II,  <* )•  where  they  form  actual  into*^ 
^^       ^jjQIf     \^7Sr        cellular  paasages  (Fig.  192).   [.\ccording  to  some  oltservcrs,tlM]r 
^^Sk(g  are  merely   excessively  narrow  channels  {i  lo  2  fi   wide)   in  ibe 

cement  substance  tM!tween  the  cells,  while  according  to  otbcn  tbcr 
have  a  dtsttiict  delicate  wall.     The  bile-capillary  network  is  rniKa 
closer  Ihaji   the  bluod- capillary  network.     [1  hus,  there  are  fJknt^ 
networks  within  each  lobule — 

f  1 )  A  network  of  blood  capillaries ; 
?2J  •*  hepatic  cells; 

(3)  "  bile  cnpillancs;  (Fig.  191^ 

Excessively  minule  Intra-celluUr  passages  are  said  to  pass  from  the  bile  capillaries  into  u 
interior  of  the  liver  cells,  where  ihey  communicate  with  certain  small   cavities  or   vacuoles  (<ft| 
Kupfftr)  (Fig.  194,  3).     Si  the  blood  copllaries  run  along  the  edge  of  the  liver  cells,  and  the  ' 
capillartcs  belween  the  opposed  surfaces  of  adjacent  cells,  the  two  fystemi  of  canals  within  the 
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containinit  ffuih^et  of  |[lyco|[cn  ; 
X,  a  liver  cell  >urrountM<l  witti 
Dile  duuioeU,  from  wtikh  tioc 
iwlgt  proceed  into  ibe  cell 
Subalance  to  end  in  racuolca. 
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:  Kporate,  Some  bile  capillaries  run  along  the  edges  of  the  liver  cells  in  (he  human 
liver,  c&pecialljr  during  emiiryonic  life.  Toward  the  i>eri[ihenil  part  of  the  lobule,  the  bile  capil- 
larie*  are  larger,  while  tutjoining  channels  anostomo&e,  and  leave  the  lobule,  where  they  become 
inter  lobular  ducts  {x}t  which  join  with  other  iimilar  ducts  to  form  larger  inier-lotmlar  bile  ducts. 
These  accompany  (he  hepatic  artery  and  portal  vein,  and  leave  the  liver  at  the  transverse  fissure. 
The  fin^r  iitter-lobulor  ducts  frei)ucmly  anastomose  In  Gltuon's  caosule,  poNSCM  a  strudnrcless 
bMCmcnt  membrane,  and  are  lined  by  a  single  layer  of  low  polyhedral  epithelial  cells.  The  iart;er 
imerlobular  ducis  have  a  distinct  wail,  consisting  of  connective  and  elastic  tissue,  mixetl  with  drcu- 
loily  disposed  smooth  muscular  fibres  (Fig.  195).  Cnpiilories  are  supplied  lo  the  wall,  «hich  is 
lined  by  a  single  layer  of  columnar  epithelium.  A  suh-mucosn  occurs  only  in  the  largest  bile  ducts, 
and  in  the  gall  bladder.  Smooth  muscular  ribrea,  arranged  in  single  bundles,  occur  in  the  largeat 
ducts  and  as  longitudinal  and  circular  layers  in  the  gait  btad- 
der,  whose  mucous  membrane  is  provided  with  numerous  folds 
and  depressions.  The  epithelium  lining  the  gall  bladder  is 
cylindrical,  with  a  distinct,  clear  disk,  and  between  these  cells 
are  goblet  cells.  Small  bnnchctl  tubular  mucous  glands 
occur  in  the  larger  bile  ducts  and  in  the  gall  bladder. 

Va«a  aberrantia  are  isolated  bile  ducts  which  occur  on  the 
■urface  of  the  liver,  hut  have  no  relation  10  any  syuem  of  liver 
lobules.  They  occur  at  the  sharp  margin  of  the  liver,  in  the 
region  of  the  inferior  vena  cava,  of  the  gall  bladder,  and  of 
ibc  parts  near  the  portal  (issure.  It  seems  that  the  liver 
lobules  to  which  they  origiruUy  lielonged  have  atrophied  and 
disappeared  {Zutkfrkandl nnd  Tchit  ]. 

S-  The  lymphatics  l>egin  as  piricaptUary  tubes  around 
the  capillaries  wilhtn  the  lobules,  emerge  from  the  lobule,  and 
ran  vrilkin  the  wall  of  the  branches  of  the  hepatic  and  portal 
veiDs,  and  afterward  surruund  the  venous  trunks,  thus  forming 
the  intfr-hbuhr  lymphatics.  These  unite  to  form  larger  tninVs,  which  leave  the  liver  partly  al  the 
portal  fissure,  partly  along  with  the  hepatic  veins,  and  partly  at  difTcrent  points  on  the  surface  of  the 
organ.  There  \s  a  narrow,  3uper6cial  mesliM-ork  of  lympnatioi  under  the  peritoneum — tuh~ peritoneal — 
which  communicate  with  the  thoracic  lyniphalic>.  through  tlie  triangular  lignmetit  and  sus|>enM)rium, 
wtule  on  (he  under  surface  they  communicate  with  the  lymphatics  of  the  inter-lobular  connective 
tissue. 

6.  The  nerves  consist  partly  of  medullated  and  partly  of  non.mednllaled  fibres  from  branches 
of  the  sympathetic  and  left  vagus  to  the  hepatic  plexus.  They  accompany  the  branches  of  the 
hepatic  artery,  and  ganglia  occur  on  their  branches  within  the  liver.  Some  of  the  nerve  fibres  are 
vasomotor  in  function,  and,  according  to  PBUger.  other  nerve  fibres  terminate  directly  in  connection 
with  liver  cells.  [MacCallum  descrioes  an  inter-lobular  plexus  of  non-medullated  fibres  in  man  and 
menotiraiichus,  frum  which  a  perivascular  and  tnler-ccUular  plexus  proceeds.  From  the  latter  fibrils 
pass  to  terminate  within  (he  cells  near  the  nucleus.] 

Patholoi^cal. — The  connective  tissue  between  the  lobules  may  undergo  great  increase  in  amount, 
Cspcoally  in  alcohol  and  gin  drinkers,  and  thus  the  substance  of  the  lobules  may  be  greatly  com- 
pressed, owti^  to  the  cicatricial  contraction  of  the  newly-formed  connective  tissue  (drrhosis  of  the 
Uvo).     In  such  inter  lobular  connective  basue.  newly- formed  btle  ducts  arc  found. 

Ltcature  oF  the  ductus  choledocbus  [causes  enlargement  of  the  spleen  (rabbit],  and  a  dimi- 
nution in  the  number  of  the  bloo<l  corpuscles],  and,  after  atirne,  intenititial  inflammaticnof  the  liver. 
In  rabbits  and  gumea  pigs  the  liver  parenchyma  disappears,  an<l  its  place  is  taken  by  newly-formed 
connecuve  tissue  aiKl  bile  ducts  {CManoi  and  Gom6au/e).  In  all  these  cases  of  interstitial  infiam- 
nution,  there  is  proliferation  of  the  epithelium  of  the  l>ile  duds. 

[Rc^neratfon  of  the  Liver. — Tiz^oni  finds  that  there  may  be  partial  regeneration  and  new 
feraMtion  of  liver  lubules  in  the  dr>g,  the  procciiis  being  the  sanK  as  that  which  occurs  in  the  cro- 
faryonic  derelojiment  of  the   organ,  ;.  e.,  the  growth  of  solid  cylinders  of  liver  celU,  formed  by  the 

?re^xiairic  liver  cells,  which  |>enetrale  into  the  connective  tissue  uniting  the  edges  of  the  wound. 
Iieae  celu  ultimately  differentiate  into  hepatic  cells  and  tnle  ducts.     C>ther  observers  attribute  the 
new  Cormation  to  outgrowths  of  the  epithelial  cells  of  the  bite  cells.] 

X74.  CHEMICAL  COMPOSITION  OF  THE  LIVER  CELLS— 

(l)  Protcids. — The  fresh,  sof(,  parenchyma  of  theliver  isa^a/mif  in  reaction  ;aficr 

nmih.  coagulation  occurs,  the  cell  contents  app<rar  itirbid,  the  tissue  becomes  friable, 

tally  an  acid  reaction  is  developed.     This  process  closely  resembles  what 

"■  and  U  due  lo  the  coagulation  of  a  myosin-like  body,  which  is 

but  after  death  undergoes  spontaneous  coagulation  (/'/('»). 

:r  prnlcids;  one  coagulating  at  45^  C,  another  at  70°  C, 
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and  one  which  is  slightly  soluble  in  dilute  acids  and  alkalies.  The  nuclei  contain 
nuclein.     The  connective  tissue  yields  gelatin. 

(2)  Glycogen  or  Animal  Starch — 1.2  to  2.6  percent. — is  a  true  carbohydrate 
most  closely  related  toinulin^  soluble  in  water,  but  diffuses  with  di(l!iculty,  and  has 
the  formula  6(CflH,u03)  +  H,0.  It  is  stored  up  in  the  liver  cells  in  amorphous 
granules  around  the  nurlei  (Fig.  194,  2),  but  is  not  unifom^ly  distributed  in  all  jiarls 
of  the  liver.  Like  inulin,  it  gives  a  deep  red  color  with  solution  of  iodine  in  iodide 
of  potassium.  It  is  changed  into  dextrin  and  sugar  by  diastatic  ferments^  and 
when  boiled  with  dilute  mineral  acids,  it  yields  grape  sugar  (§  148,  1;  §  170,  I; 
§252,  HI). 

Preparation  of  Glycogen. — [l-'eed  a  rabbit  on  curots  or  boiled  rice,  and  kill  it  three  or  lour 
houn  IhiTcaflcr.  Knnovc  the  liver  immediately  aflw  dmth,  cut  il  into  line  pieces,  and  pince  the«e  in 
boiling  watrr,  and  \k*\  il  for  some  time  in  order  to  nblnin  n  watery  rxlract  of  ibe  liver.  ITie  tioUing^ 
water  dcalrova  tbc  ferment  suiiposed  to  be  prcscni  in  the  liver,  uliieb  wuuld  traiufonn  the  glyccfgen 
inlu  ^rn[K  sti^nr.  To  tbc  cold  liltmlc  nn:  added  ultenialcly  dilute  bydrocHloric  ncid  and  potassio- 
mercuric  iodide,  which  prcdpilates  the  proteids.  Kilter,  when  a  clear  opalescent  fluid,  containing 
the  glycogen  in  solulion,  is  otrtainecl.  The  glycogen  is  prccipitalcd  from  the  filtrate,  o*  a  while  amor- 
phous |X)wder,  on  adding  an  excess  of  70  to  80  per  cent,  alcohol.  The  precipitate  i^  washed  with  &o 
per  cent,  and  afterward  witli  95  per  cent,  alcohol,  then  with  ether,  and  lastly,  with  absolute  alcohol ; 
It  is  dried  over  sulphuric  acid  and  weighed  {Briltke).  Kiitz  modifies  the  method  sotneu-hat.  After 
bailing  the  liver  for  half  an  hour,  it  'v>  rubbed  up  with  li<juor  poiasse  (100  gmis.  liver.  4  grms.  KHO). 
EvapofAte  in  the  water  bnth  until  nil  \%  dissolved,  which  occur»  in  alx)ut  3  hours.  After  cooling,  neu- 
trntize  with  HL'l  and  prccipit.ite  the  proieids  as  above.  F.  Eves  asserts  that  ihie post-mortem  conver- 
sion of  "^ugar  in  the  livtT  is  not  altrilmtablc  to  a  ferment  action,  and  the  rapid  a|)peanuice  of  sugar  is 
the  liver  after  death  is  due  lo  the  jpecitie  metabolic  aciiviiy  of  the  dying  cells.] 

Sources.— The  **  mother  substance  "  of  the  glycogen  of  the  liver  has 
been  variously  stated  to  be  the  carbohydrates  of  the  food  {Pa7>y)  ;  fats  (olive  oil, 
Salomon) ;  glycerine,  taurin,  and  glycin  (the  latter  splitting  into  glycogen  and 
urea),  the  proteids(C7.  Birnard)  ;  and  gelatin  (Salomon).  If  il  is  derived  from 
the  albumins,  it  must  be  formed  from  a  non-nitrogenous  derivative  thereof. 

Rohmartn  found  thnl  the  use  of  nmmonia  carbonate  and  asparagin  or  glycin,  along  with  a  carbo- 
bydrate  diet,  in  rabbits  consideral^ly  increased  the  formation  of  glyo^en.  llie  exceuive  fommtion  of 
acid  observed  l^y  Stndelnianu  io  diabetes  unite:^  with  the  animonia  and  diuiinihhes  conitidcrably  Lhe 
forroalion  of  glycogen. 

Effects  of  Food. — Rabbils,  whose  livers  have  been  rendered  free  from  glyco- 
gen by  starvation,  yield  new  glycogen  from  their  livers  when  they  are  fed  with 
cane  sugar,  grape  sugar,  maltose,  or  starch.  Forced  muscular  movements  soon 
make  the  liver  of  dogs  free  from  glycogen,  exposure  to  cold  diminishes  its  amount. 
Dextrin  and  grape  sugar  occur  in  the  dead  liver,  but,  in  addition,  some  glycogen 
is  found  for  a  considerable  time  after  death  in  the  liver  and  in  the  muscles. 

If  glycogen  is  injected  into  thir  blood,  acJiroodexIrin  ajipears  in  the  urine,  and  also  hjrmogtofaht,  as 
El>*cogen  dissolves  red  blood  corpuscles.  Ligature  of  the  btle  duct  causes  decrease  of  the  glycogoi 
m  the  liver. 

Other  Situations. — Glycogen  is  not  crn5ned  to  the  liver  cells ;  it  occurs  dnnng  fcetal  life  in  all  the 
tissues  of  (be  Iwly  of  the  emUyo  [Including  ibe  embryonic  skeleton],  iu  young  animals  ( h'uAn^),  tbc 
placenta  (//f-'n.irt/').  [  It  occurs  in  large  amount  in  the  liver  during  intra-ulerine  life.]  In  the  adult 
it  occurs  in  the  testicle,  m  the  muscles  (  Ahifliontr/.  O.  t\'nste\  in  numerous  pathological  producLs,  in 
inttamed  lungN  {KiiAne),  and  al^io  in  the  correttpfinding  tissues  of  the  lower  anlmaU.  It  nbo  txx-ur> 
in  the  chorionic  villi,  in  colorless  bloo<J  corpuscles,  in  fresh  pits  cells  which  still  exhibit  nraa'boid  move- 
mcnis,  and  in  fact  in  nil  dcvclojnng  aiiinml  cclU.  with  ani>eboid  muvcment;  it  is  a  never  failing  coo- 
bliluail  in  cartilage,  and  in  the  mu!sclea  and  liver  uf  Invcrtebratn,  such  ivi  the  oyster.  There  is  none 
in  the  fresh  brain  of  the  dog  tx  rabbit,  but  it  is  found  in  the  bram  in  diabetic  coma  {^Abelfs)S\ 

Modifying  Conditions. — If  large  quantities  of  starch,  milk-,  fruit-,  or  caoc 
sugar,  or  glycerine,  but  not  mannite,  or  glycol,  or  inosite,  be  added  to  the  pro^ 
teids  of  the  food,  the  amount  of  glycogen  in  the  liver  is  very  greatly  increased  ((aj 
12  per  cent,  in  the  fowl),  while  a  purely  albuminous  or  purely  fatly  diet  diminish^ 
it  enormously.     During  hunger  it  almost  disappears.     The  injt^ction  of  dissolved 
carbohydrates  into  a  mesenteric  vein  of  a  starving  rabbit  causes  theliv 
viously  free  from  glycogen  to  contain  glycogen. 
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[Effect  of  Drue*- — Arsenic,  phowhonts  and  aatimony  destroy  ihe  glycogenic  function  of  the 
li»cr,  DO  Klyc^^cn  being  present  in  the  liver  in  animaU  poisoned  with  ibcsc  drugs,  so  that  puacture  of 
the  Buor  of  the  fourth  ventricle  no  longer  causc»  glycosuria  in  them.  Id  uUniak  |»oi5oncd  by  strych- 
tibi  or  curara,  it  is  greatly  diminished,  both  in  the  livo*  and  tn  the  muKles.  Sugar  b  always  present 
in  the  urine  in  the  utter  case  but  not  in  the  fomier.] 

During  life,  under  normal  conditions,  the  glycogen  in  the  liver  is  either  not 
transformed  into  grape  sugar  {Papy),  or,  what  is  more  probable,  only  a  very  small 
Amount  of  it  is  so  changed.  The  normal  amount  of  sugar  in  blood  is  0.5  to  i 
per  1000,  although  the  blood  of  the  hepatic  vein  contains  somewhat  more.  A 
cODsiderable  amount  is  transformed  into  sugar  only  when  there  is  a  decided 
4lerangement  of  the  hepatic  circulation,  and  in  these  circumstances  the  blood  of 
the  hepatic  vein  contains  more  sugar.  The  glycogen  undergoes  this  change  very 
rapidly  after  death,  so  that  a  liver  which  has  been  dead  for  some  time  always  con- 
tains more  sugar  and  less  glycogen. 

The  diastatic  ferment  in  the  liver  is  small  in  amount,  and  can  be  obtained 
from  the  extract  of  the  liver  celts  by  the  same  means  as  are  applicable  for  obtain- 
ing other  similar  ferments,  such  as  ptyalin ;  but  it  does  not  seem  to  be  formed 
within  the  liver  cells,  but  only  passes  very  rapidly  from  the  blood  into  them.  The 
ferment  seems  to  be  rapidly  formed  when  the  blood  stream  undergoes  considerable 
derangement.  A  similar  ferment  is  formed  when  red  blood  corpuscles  are  dis- 
solved (Tt'fgr/),  and,  as  red  blood  corpuscles  are  continually  destroyed  within  the 
liver,  there  is  one  source  from  which  the  ferment  may  be  formed,  whereby  minute 
quantities  of  sugar  would  be  continually  formed  in  the  liver. 

According  to  Secgen,  (he  blood  of  the  bepatic  vein  contains  twice  as  much  sugar  (0.33  per  cent.) 
u  that  in  the  portal  vein  ^o.uq  per  cent.);  obsenaiions  on  dt^s  showed  that  the  blood  Howing 
tbrongh  the  liver  gives  up  over  400  grnvs.  sugar  in  24  hours.  Hence,  in  camivom,  the  greatest  part 
of  the  C  of  the  animal  food  mu^  nass  into  --^ugar,  so  that  the  formation  of  sugar  in  the  liver,  and  its 
decocnpocilion  in  the  hlnrvl,  nr  in  (nc  organs  traversed  by  the  blood,  must  Iv  a  very  important  function 
of  the  meialx>lisnL  tSccgcn  is  also  of  opinion  that  the  hver  glycogen  lakes  do  port  in  the  fomuUioo  of 
fllimr  in  the  Uvcr. 

Tuiood  when  perfused  through  n  freshly  excised  liver  (or  through  tbc  lctdne}-s,  lungs,  or  muscles), 
gams  lactic  acid  (  G.  Aglio  anj  ti^Jtaiciai/scA].^ 

(3)  Fats,  in  the  form  of  highly  refractive  granules,  occur  in  the  liver  cells,  as 
veil  as  free  in  the  bile  ducts ;  sometimes,  when  the  food  contains  much  fat  (more 
abundant  in  drunkards  and  the  phthisical),  olein,  palmatin,  stearin,  volatile  fatty 
acids,  and  sarcolactic  acid  are  found. 

There  are  also  fonnd  Imces  of  cholesterin,  minute  quantities  of  urea,  uric  acid,  and  the  little-known 
body  jecorin.  [Jecorin.  discovered  by  Drechset,  contains  S  and  T,  and  reduces  alkaline  M^luttoru  of 
oipper  like  grape  sugar.  It  is  also  found  in  the  spleen,  muscles,  and  bloo<l  {BatJi),  The  liver  of 
bims  contains  a  relatively  large  amount  of  uric  acid,  even  6  to  14  times  as  much  as  the  blood  {V. 
Sikrtnier).'\  [I.eucin  (?guanin).  sarkin.  xonthin,  c>-stin,  and  tyrosin  occur  jMtbokjgically  in  cerlain 
diaeasfli  whrrc  markeil  chemical  i]rcom|)n<kitions  occur] 

[Patty  Degeneration  and  Infiltration. — Fatty  gnuules  are  of  common  occurrence  wilhio  the 
cclU  of  the  liver,  constituting  tally  tnfdtmtion,  and  when  not  too  numerous  do  not  seem  to  interfere 
greatly  wtlh  the  functions  of  tlie  liver  cells.  Fatty  particle  occur  if  too  much  fatty  food  Ike  taken, 
and  they  we  coounonly  found  in  the  Uveri  of  suill-fed  animals;  the  well-known ^i/<'-<//-/iriyrar  is 

Its  nt  farinacenos  food. 


of  the  livers  of  geese,  which  have  been  fed  on  large  amounts 
which  ^ve  been  subjected  to  other  unfavorable  hygienic  conditions.     P  ally  granulr^  are  rccog- 
ouerl  by  ihcir  highly  refiWtive  apfievance,  by  their  solubility  in  ether,  and  by  being  blackened  by 
OMDic  acid.  ] 

(4)  The  inorganic  substances  in  the  human  liver  are — potassium,  sodium, 
caicium,  m^gne^iium,  iron,  manganese,  chlorine,  and  phosphoric,  sulphuric,  car* 
booic,  and  silicic  acids;  while  copper,  zinc,  lead,  mercury,  and  arsenic  nuty  be 
accidentally  deposited  in  the  hepatic  tissue. 

Tiaaoni'a  Reaction. — If  a  section  of  a  hver  (especially  of  ■  young  animal)  hanlened  in  alcohol 

*— •— Mtod  with  a  *oluiiufi  of  potasaic  ferrocyanide,  and  then  with  dilute  hydmchloric  acid,  as  a  general 

'''^ration  beintnes  blue,  even  in  the  nnknl  eye ;  but  failing  thiU.  one  can  usually  see  with 

ranutcs  of  Pruisian  bine  in  the  proLoplosm  of  the  cclK  indicating  the  presence  of  fire 
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175.  DIABETES  MELLITUS  AND  GLYCOSURIA.— [Glycosu- 
ria is  characterizt^d  by  the  presence  of  grape  sugar  in  the  unne.  According 
to  BriJckc  a  irace  of  sugar  exists  normally  in  unne,  and  when  this  amount  is 
increased  we  have  glycosuria.  When  the  normal  amount  of  grape  sugar  in  the 
blood  is  increased,  grajie  sugar  appears  in  the  urine.  In  diabetes  mellitus, 
grape  sugar  also  appears  in  Ihc  urine,  but  this  is  really  a  serious  disease,  involving 
the  alteration  of  many  tissues,  and  distinguished  by  profound  disturbance  of  the 
whole  metabolic  activity,  which  leads  to  numerous  pathological  changes  and  often 
to  death.  The  appearance  of  grape  sugar  in  urine  does  not  necessarily  mean  that 
a  person  is  suffering  from  this  disease.] 

The  formation  of  large  quantities  of  grape  sugar  by  the  liver,  and  its  pas.sage 
into  the  blood,  and  from  the  blood  into  the  urine,  constitute  glycosuria.  Extirpa- 
tion of  the  liver  in  frogs,  ordestniction  of  the  hepatic  cells,  as  by  fatty  degeneration 
from  poisoning  with  phosphorus  or  arsenic,  does  not  cause  this  condition.  It 
occurs  for  several  hours  after  the  injury  of  a  certain  part — the  centre  for  the 
hepatic  vasomotor  nerves — of  iht  floor  0/ the  l<nvf.r  part  of  the  fourth  veniriele  {CL 
Bernard's  *'  piqftre  '*)  ;  also  after  section  of  the  vasomotor  channels  in  the  spinal 
cord,  from  above  down  as  far  as  the  exit  of  the  nerves  for  the  liver,  viz.,  to  the 
lunibar  region,  and  in  the  frog  to  the  fourth  vertebra  {Schiff).  When  the  vaso- 
motor nerves,  whicli  proceed  from  this  centre  to  the  liver,  are  cut  or  i>aralyzed  in 
any  part  of  their  course,  mellituria  or  glycosuria  is  produced.  All  the  nerve 
channels  do  not  run  through  the  spinal  cord  alone.  A  number  of  vasomotor 
nerves  leave  the  spinal  cord  higher  up,  pass  into  the  sympathetic,  and  thus  reach 
the  liver  J  so  that  destruction  of  the  superior  {Pavy),  as  well  as  of  the  inferior 
cervical  sympathetic  ganglion,  and  the  first  thoracic  ganglion  (£ckJiari/)  of 
the  abdominal  sympathetic,  and  often  of  the  splanchnic  itself  produces  it.  The 
paralysis  of  the  blood  vessels  causes  the  liver  to  contain  much  blood,  and  the 
Ultra-hepatic  blood  stream  is  slowed.  The  disturbance  of  the  circulation  causes 
a  great  accumulation  of  sugar  in  the  liver,  as  the  blood  ferment  has  lime  to  act 
upon  the  glycogen  and  transform  it  into  sugar.  By  stimulation  of  the  sympathetic 
at  the  lowest  cervical  and  first  thoracic  ganglion,  the  hepatic  vessels  at  the  periphery 
of  the  liver  lobules  become  contracted  and  pale  {Cyoft).  It  is  remarkable  that 
glycosuria  when  present  may  be  set  aside  by  section  of  the  splanchnic  nerves. 
This  is  explained  by  supposing  that  the  enormous  dilatation  and  congestion,  or 
the  hyperemia  of  the  abdominal  blood  vessels  thereby  produced,  renders  the  liver 
anaemic, 

Continurd  stimulation  of  pcripHcrnl  nerves  may  ncl  refiexly  ujirin  the  ctmtrc  for  the  vuomolnr 
nerves  of  the  livtr.  Diabetes  has  Inrcn  ol»frvcd  to  occur  after  Minuilaiion  of  the  central  eml  of  the 
Tsgiw  {Ct,  Bernard),  and  also  after  stimulation  of  the  central  end  of  the  deprt-vsur  umv  (Fi/fAm). 
Even  ieclion  and  5ul>sc<|ueut  stimuUtion  of  the  central  end  of  the  sdatic  nerve  causes  dinbelev  This 
may  explain  the  occiirrmcc  of  dial>rtes  in  prnjilc  whn  suffer  from  sciatica.  [It  may  occur  abo  after 
per\'erte(l  nervous  nciiviiy,  as  psychical  exciiemcm,  neuralgiR-s  fsciniica,  iricemiruiL  or  occipital  1, 
coiicuivtion  of  the  brain,  as  well  aa  after  certain  injuries  lo  the  skull  and  vertebral  culutnii  and  kotue 
cerebral  diseases.] 

According  lo  Schiff,  the  stagnation  of  blood  in  oUier  vascular  regions  of  ihe  body  may  cause  the 
ferment  to  accumulate  in  the  blood  to  such  an  extent  that  diabetes  occurs.  The  Rlycnsuria  that 
occurs  after  conipres.vion  of  the  aorta  or  portal  vein  may  jxrhaps  l»c  a-scrilwd  to  tliis  cause,  but  pcrhap'^ 
the  pressure  caused  In'  the^e  procedures  may  paralyze  certain  ncrvEii.  According  to  1-lckhard,  injury 
to  the  vemiiform  process  of  the  cerebellum  of  the  rabbit  causes  diatwles.  In  man,  afTectiom  of  the 
■bovc'named  nervous  recioos  cause  diabetes. 

fin  most  individuals  the  use  of  a  large  quantity  of  sugar  in  the  food  is  not  followed  by  the  appear- 
incc  of  sugar  in  the  tuinc;  but  in  some  exceptional  cases  it  is  often  present,  <.g.,  in  persons  stifieiing 
from  gastric  catarrh,  especially  if  they  are  gouly.j 

A  number  of  poisons  which  paraly/e  the  nepalic  vasomotor  nerves  produce  dial)cles ;    curara 

(when  artificial  respiration  it  not  maintained ),  C' ),  ainyl  nUrite,  oriho.iiilro-pnjjHonic  acid,  and  aietbyl- 

k  dclphinin  ;  less  certainly  mi:>rphia,  chloral  hydnue,  I ICN,  and  Mjinc  other  drugs  ;  [phlorizin  (:■.  Mer- 

ingW  ;  and  »oine  infcctiouA  lUseascs.     But  cuti^catiun  of  the  liv<:r  produced  in  other  wayv  ntFprars  to 

cause  diabetes,  t.  g.^  sftcr  mechaotcal  stimulation  of  the  liver.     To  •'•«  '"lass  belongs  i\w  mjrtiuio  of 
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dilute-  saline  f<olu(ioi»  into  the  )>looc]  [Bafk,  Heffmann),  whrrthy  cither  the  change  in  fcrm  or  the 
Milutioii  uf  ibe  colored  hluod  corpiucltiA  causes  ibc  conge&Uon.  'IIil'  drcuin-sUince  that  rr|X!ated  blood 
letline  makes  the  bUxHt  richer  in  HUgar,  may  perhaps  be  rxplaiDed  by  the  blowing  of  the  circulolion. 

[Mc»t  of  the  mrons  which  produce  glycomiria  in  other  iinimid»  jail  lo  do  k>  in  liirds ;  even  Ihc 
pi(]ftre  rarely  produces  ll.  This  Thtcl  and  Minkowj-ki  attribute  to  the  intensely  active  oxidnlion 
proccssa  in  bird^.  Phlorinn  causes  glycoforia,  even  af\cr  exiirpmion  of  the  liver,  which  5bows  that 
in  tbe«e  casei  there  are  other  caube)  al  work  thai  oljtoin  in  the  fnnn.<>  of  fjlycnMirio-]  Phlorizin  makes 
animals  which  are  free  rrom  carboliydmief  diabetic.  In  thu  ca.tc  the  5ugiu  miLst  Iv  derived  from 
proteid»  (c.  Aftnuf: ). 

Theoretical. — In  order  to  ciphun  the  more  immediate  cauac  of  these  pbenomona  several  hypo- 
theses have  !>een  advanced  : — 

{a)  'llie  liver  glycogen  may  tte  traa^^rormed  unhindered  into  aa|pu',  as  (he  blood  in  its  pautA^  thmugh 
the  liver  depo^u  or  give'^  up  die  rerment  to  the  liver  cells.  So  that  the  nomul  function  of  the 
vasomotor  syxtcm  of  the  Uvcr,  and  its  centre  in  the  6oor  of  the  fourth  ventiicle,  may  be  regarded  ab, 
in  a  certain  bFn<<ie,  an  "  inhil«lrn-y  system  "  for  the  formation  of  ^u gar. 

{^)  If  we  a!i^ume  that,  normnlly  there  i&  continually  a  small  quantity  of  sugmr  pftKung  from  the  liver 
Into  the  hepatic  vein,  we  might  explain  the  diabetes  as  due  lo  the  duappearance  of  these  decom- 
poAilioiu— diminished  burning  up  of  the  sugar  in  the  blood,  which  are  constantly  removing  the  su^or 
Rvm  the  blood.  In  fact,  dial^tic  pcrsoiu  have  been  (bund  to  coiutumc  Xcsa  O  and  lo  have  an  increased 
formation  of  urea. 

[Injection  of  Orape  Sugar  into  the  Blood. — When  gm|>c  sugar  i>  injected  into  the  jugular  vein 
of  ■  dog,  only  33  per  cent,  at  nicwt  h  given  off  in  the  urine;  within  2  to  5  hourt  the  urine  i*  free  from 
vomx.  Even  witlun  a  few  minuici  after  the  injection,  only  a  certain  proportion  { Ji-V)  ^^  ^^^  .'•ugor 
b  KKiDd  in  the  blood  ;  port  of  llif  sugar  ha»i  tieen  detected  in  the  muscles,  liver,  and  kidneys,  but  the 
(ale  of  the  remainder  is  itot  known.  Immediately  after  the  injection,  the  amount  of  luemoglobin  iuid 
abo  of  senun-albumin  u  diminished  (50  per  cent.),  which  is  due  to  increase  uf  the  quantity  of  water 
within  the  »e.nseU;  but  within  two  hour«  the  normal  slate  is  restored  ( ftratAi).  In  a  cunmzcd  dog 
the  injection  uf  gni|)r  iugnr  into  a  vein  incrcaK  the  blood  prc«ure,  but  tbi»  dUecK  i»  not  observed  after 
the  injection  of  morphia  and  chlfwal.^ 

I'cTNons  suffering  ftom  diabet^  require  a  large  amount  of  food ;  they  suffer  greatly  bom  (hirst,  and 
drink  much  fluid.  They  exhibit  signs  of  marked  emaciation,  when  the  loss  of  the  body  is  greater  than 
the  supply.  [In  advanced  dijibetcs  the  glycogenic  fimction  of  the  liver  is  almost  abolished,  as  wo* 
provod  by  removing  with  a  trocar  a  small  part  of  the  liver  from  man.  when  almoai  no  glycogen  was 
found  \Ekrlick).  The  absorbed  sugar  in  the  portal  vein  pos-sti  directly  into  the  general  circulation 
without  bring  iubmitte<l  (o  the  actmn  of  the  liver  (;'.  FrmcAs).'\  In  severe  coses,  toward  denUi,  not 
unfmiurntly  a  peculiar  comatose  condition — diabetic  coma— <KCur5,  when  (he  l)realh  often  has  the 
odor  of  accton,  which  u  abo  foniid  in  Ibc  urine.  Bui  neither  nceton  nor  its  precurMn-,  acetonciAic 
ociii,  not  aibyl-tliacetic  add,  nnr  the  unknown  sulnlonce,  in  diabetic  urine,  which  gives  the  red  color 
with  ferric  chloride  [v.  Jaksch)^  is  the  cause  of  the  coma  {frerichs  and  Bneger). 

176.  THE  FUNCTIONS  OF  THE  LIVER.— [To  untJcrstand  the 
functions  of  ihe  liver,  we  must  remember  its  unique  relation  to  the  vascular 
and  digestive  systems,  whereby  many  of  the  products  of  gastric  and  intestmal 
digestion  have  to  traverse  it  before  they  reach  the  blood,  and  some  of  them  as 
ihcy  traverse  the  liver  arc  altered.  We  have  still  much  to  learn  regarding  the 
liver.  It  has  several  distinct  functions — some  obvious,  others  not.  (i)  The  liver 
secretes  bile,  which  Is  formed  by  the  hepatic  cells,  and  leaves  the  organ  by  the 
bile  ducts,  lo  pass  into  the  duodenum.  (3)  The  liver  cells  also  form  glycogen, 
which  does  not  pa.ss  into  the  ducts,  but  in  some  altered  and  diffusible  form  passes 
into  the  blood  stream,  and  leaves  the  liver  by  the  hepatic  veins.     Hence,  the 

»  study  of  the  liver  materially  influences  our  conception  of  a  secreting  organ.  In 
this  case,  we  have  the  products  of  its  secretory  activity  leaving  it  by  two  different 
channels— ;the  one  by  the  ducts,  and  the  other  by   the  blood  stream.     The  liver, 

»  therefore,  is  a  fn'eat  storehouse  of  carbohydrates,  and  it  serves  them  out  to  the 
economy  as  they  are  required.  Al)  this  points  to  the  liver  as  being  an  organ 
intimately  related  to  the  general  metabolism  of  the  body.  (3)  In  a  certain 
period  of  development  it  is  concerned  in  the  formation  of  blood  corpuscles  (§  7). 

t(4)  It  has  some  relation  to  the  breaking  up  of  blood  corpuscles  and  the  forma- 
tion of  urea  and  other  metabolic  products  (§  30,  §  177,  3).  (5)  Brunton 
attributes  some  importance  to  the  liver  in  connection  with  the  arrest  of  certain 
substances  absorbed  from  the  alimentary  canal,  whereby  they  are  either  destroyed, 
stored  up  in  the  liver,  or,  it  may  be,  prevented  from  entering  the  general  circula- 
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tion  in  too  large  amount.     It  is  possible  that  ptomaines   may  be  arrested  in  this 
way  (§  1 66).] 

['llic  liver  has  no  M>cciiil  action  on  certain  mineral  substances  which  traverse  it  in  Ibc  blood,  /.  /.. 
potuKic  chlnride.  but  it  retains  the  vf^cuble  atkaIoi{U.  provided  ilicy  are  not  present  in  too  laijc  aim. 
nmouni  in  the  blood.     The  ptomaines  are  simdarly  retiuned  in  ibe  liver.     The  Uvcr  poueaaa  tiimm 
property  only  ns  long  ns  it  contains  glycc^en  (//.  A'i?i,vrj).] 

177.  CONSTITUENTS  OF  THE  BILE.— Bile  is  a  yellowish-browi» 
or  dark   grecn-coIored    transparent    fluid,   with   sweetish,  strongly  bitter  tasle^^ 
feeble  musk-like  odor,  and  neutral  reaction.     The  specific  gravity  of  human  bil^ 
from  the  gall  bladder  ==  1026  to  1032,  while  that  from  a  fistula  ^  1010  to  101 1^ 
It  contains — 

(1)  Mucus,  which  gives  bile  its  sticky  character,  and  not  unfrequently  make=r- 
it  alkaline;  it  is  the  product  of  the  mucous  glands  and  the  goblet  cells  of  th^ 
mucous  membrane  of  the  larger  bile  ducts.  When  bile  is  exposed  to  the  air,  tb». 
mucus  causes  it  to  putrefy  rapidly.     It  is  precipitated  by  acetic  acid  or  alcohol. 

[Tlie  bile  formed  in  the  ultimate  Inle  ducts  don  not  seem  to  contain  mncin  or  mucua,  but  bile  frof^v^^ni 
the  gall  bladder  always  does.     It  is  formed  by  the  mucous  glands  in  the  larger  bile  ducts  ({  173).J 

(2)  The  Bile  Acids. — Glycocholicand  taurocholic  acids,  so-called  conjugal 
acids,  are  united  with  soda  (in  traces  with  potash)  to  form  glycocholaie  an- 
taurocholateofsoda,  which  have  a  bitter  taste,  and  rotate  the  plane  of  polarized  ligV 
to  the  right.  In  human  bile  (as  well  as  in  that  of  birds,  many  mammals,  an 
amphibians^  taurocholic  arid  is  most  abundant ;  in  other  animals  (pig,  ox)  glj 
cocholic  acid  is  most  abundant  but  is  absent  in  sucklings. 

{a)  Glycocholic  acid,  C^HwNOb  ;  when  boiled  with  caustic  potash,  or  baryl 
water,  or  with  dilute  mineral  acids,  it  takes  up  H,0  and  splits  into — 

Glycin  (^  Glycocotl  =  Gelatin  Sugar  =  Amido- acetic  acid)  =  CjH.NO,. 
4-  Cholalic  acid  (aliwi  called  Cliolic  acid), =:CjfH^O^. 

"  =GlycochoUc  acid -f-  Water,  .    ."  ,    .    .    .^  C^H.^NO,  -f-  Fl/X 

(ff)  Taurocholic  acid,  CsHf^NSOT,  when  similarly  treated^  takes  up  wat« 
and  splits  into — 

Tourin(^=  Amldu  nrlliyl-sulphuric  acld)=  CjHjNSOj. 

-f  Cholalic  acid.      ^  C,,H^Oj. 

^Taurocholic  acid  +  WaterT  .    .    .    .  =  C^lSuNSO,  +  H,0  {S/nritfr,) 
[Sohitions  of  taurocholic  acid  are  anti&eptic,  and  iT  suRiciemly  strong  interfere  with  the  developcmil 
of  bacteria,  and  prevent  the  alcoholic  and  lactic  fermentations,  as  well  as  the  Iryptic  and  diasuiic 
action  of  the  [>ancn:a.<i  (  /CrriicA).] 

Preparation  of  the  Bile  Acids. — Evaporate  bile  to  !^  of  its  volume,  nib  it  tip  into  a  paste  with 
excess  of  animal  cliarcual  und  dry  nt  too''  C,  Kxtract  the  black  mast  with  absolute  alcobol,  and 
filter.  After  a  part  of  the  alcohol  ha&  licen  removed  by  distillation,  the  bile  salts  arc  precipitated  in  1 
resinous  form.^ond  on  the  addiliun  uf  e\ce:^  of  ether,  there  is  formed  immetllately  a  cr>'»talJine  nasi 
of  glancing  needles  (Platner's  "  crystallized  bile  ").  Ilie  alknline  salts  nf  the  bile  acids  ore  het\j 
soluble  in  water  or  alcohol,  nnd  insajluUc  in  ether.  N<utral  lead  acetate  precipitates  the  glycocholic 
acid — as  lead  glycochnlntr — from  the  sohtlion  of  both  snlu;  the  precipitate  is  collected  on  a  filter, 
dissolved  m  hot  alcohol,  nnd  the  lead  is.  precipitated  aa  lend  sulphide  by  I  I,S ;  after  removal  of  the 
lead  sulfihide,  the  additiun  of  water  jM^ecipitatcs  the  Isolated  gtycoclioUc  acid.  If,  after  prrciptaitng 
the  kad  Kb'Ciicholatr,  the  hltmtr  lie  treated  with  basic  lead  acetate,  a  precipitate  of  lead  taurocbolale 
is  formed,  from  which  the  acid  msiy  \k  obtained  in  the  iouic  way  as  described  above  [Stra^tr). 

With  regard  to  the  decomposition  products  of  the  bile  acids,  glycin,  as 
such,  does  not  occur  in  the  body,  but  only  in  the  bile  in  combination  with  cholic 
acid,  in  urine  in  combination  with  benzoic  acid,  as  hippuric  acid,  and  lastly,  in 
gelatin  in  complex  combination. 

Cholalic  acid  rotates  the  ray  of  polarized  light  to  the  right,  and  its  chemical 
composition  is  unknown.  It  is  insoltible  in  water,  soluble  in  alcohol,  but  soluble 
with  difficulty  in  ether,  from  which  it  separates  in  prisms.  Its  crystalline  alkaline 
salts  are  readily  soluble  in  water.  It  is  colored  blue  by  iodine,  and  occurs  free 
only  in  the  intestine. 
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Cbolalic  add  u  replaced  in  Ibe  bile  of  many  animals  t^  a  nearly  rclaieil  acid,  r.  ^.,  in  pi^'sliile 
by  hyo-cKolalic  acid  {S/rtfitr);  La  the  bile  of  the  goose,  cheno-cholalic  acid  is  present  {ii/itrssan, 
Olfo). 

When  cholalic  acid  is  boiled  with  concentrated  HCl,  or  heated  dry  at  200**  C, 
it  becomes  an  anliydride,  thus: — 

Cholalic  acid,  ,    .    .  =  C^Hj^jOj,  produces 

Cboloidinic  acid,     .  =  C„H„0,  -f-  H,0,  ond  this  fi^foin  yields 


Dyslysin, 


.  =  c,,H^o,=  n,a 


ndiiiic  acid  is.  however,  not  improbably  a  mixture  uf  cholalic  acid  and  dyslysin ;  dyslysin, 
I  Aucd  with  caustic  potash,  ia  changed  into  chololatc  of  potash.    By  oxidation  cboUlic  acid  viclds 
a  tribasic  acid,  as  yet  uniavestigoted,  and  a  £air  amount  of  oxalic  acid,  but  no  fatty  acids  ( Cffvt). 

PettenkofFer's  Test. — The  bile  acids,  cholic  acid,  and  their  anhydrides, 
when  dissolved  in  water,  yield  on  the  addition  of  |  concentrated  sulphuric  acid 
(added  in  drops  so  as  not  to  heat  the  fluid  above  70"  C.)»  and  several  drops  of  a 
:o  per  cent,  solution  of  cane  sugar,  a  reddish-purpUy  transparent  fluid,  whicii  shows 
two  absorption  bands  at  E  and  F  {Schenk),  [A  very  good  method  is  to  mix  a 
few  drops  of  the  cane-sugar  solution  with  the  bile,  and  to  shake  the  mixture  until 
a  copious  froth  is  obtained,  Pour  the  sulphuric  acid  down  the  side  of  the  test 
tube,  and  then  the  characteristic  color  is  seen  in  the  froth.  Any  albumin  present 
must  be  removed  before  applying  the  test.] 

According  lo  Drechwl,  it  is  belter  to  mM  plio».p}iorlc  add,  instead  of  sulphuric  acid,  untEl  Ibe  fluid 
is  syrupy,  then  add  the  cime  sugar,  and  afterward  place  the  whole  in  boiling  water.  ^^^:eD  iovesti- 
giatif^  the  omouni  of  bile  aciib.  in  a  liquid,  the  albumin  must  be  removed  beforehand,  05  ii  gives  a 
reactkm  nmilar  to  the  bile  iu:id.s,  but  in  that  c.i.se  the  red  fluid  hits  only  vHf  fitisorplian  tmrul.  If 
only  scnall  quantities  of  bile  acids  arc  present,  the  fluid  must  in  the  first  place  be  concentrated  by 
etmoraiioD. 

[Hay's  Test. — The  bite  adds  or  their  soluble  salts  Icwer  the  surface  /entictt  0/ fluids  in  which 
they  arc  disMiIred.  Throw  a  small  quantity  of  sulphur  [sublimed  or  pecipilatcd)  on  the  surface  of 
the  fluid  containing  UIp  adds,  and  if  the  bile  ncid^  l>e  pre5ent,  the  sulphur  will  at  {>nce  tx-gin  lo  sink, 
and  will  t>e  wholly  precipitated  within  a  few  minutes.     {Privately  communuated.y^ 

The  bile  acids  are  formed  in  the  liver.  After  its  extirpation,  there  Is  no 
accumulation  of  biliary  matters  in  the  blood. 

How  the  fonnatioD  of  the  nitrogenous  b;lc  acids  is  cfTected,  is  quite  unknown.  They  must  be 
ohtaiDcd  from  the  decomposition  of  nlttuminous  materiaU,  and  it  is  important  to  note  that  the  amount 
of  bile  ncids  is  increased  by  albuminous  food.  Taurin  contains  ]»irt  of  the  sulphur  of  albumin ;  bile 
■aha  contain  4  to  4.6  per  cent.,  which  may  perhaps  be  derived  from  dissolved  red  blood  corpuscles. 

(3)  The  Bile  Pigments. — The  freshly  secreted  bile  of  man  and  many  animals 
has  a  yellowish-brown  color,  due  to  the  presence  of  bilirubin.  When  it  remains 
for  a  considerable  time  in  the  gall  bladder,  or  when  alkaline  bile  is  exposed  to 
the  air,  the  bilirubin  absorbs  O  and  becomes  changed  into  a  green  pigment, 
biliverdin.  This  substance  is  present  naturally,  and  is  the  chief  pigment  in  the 
bile  of  herbivora  and  cold-blooded  animals. 

((j)  Bilirubin  (Ci,HkN|0()  is  perhaps  united  with  an  alkali ;  crystallizes  in 

transparent  fox-red  clinorhombic  prisms.     It  is  insoluble  in  water,  soluble  in  chhra- 

form,  by  which  substance  it  may  be  separated  from  biliverdin,  which  is  insoluble 

in  chloroform.     It  unites  as  a  monobasic  acid  with  alkalies,  and  as  such  is  soluble. 

It  is  identical  with  Virchow's  haematoidin  (§  20). 

Preparatton. — It  is  most  easily  prepared  from  the  red  (bilirubin  chalky  gall  stones  of  moo  or  the 
OS.  The  sltnic-s  arc  pmjiuJt.-tl,  and  Their  chalk  dt.s!iDlv<^d  I>y  hydrochloric  acid;  (he  pigment  is  then 
exlractrd  with  rhtorofnrm,  Tliat  bilinibin  i«  dfrivcd  from  tucmoglobjn  is  very  probable,  considering 
Hs  idemity  wliti  h.x-mat(jidiii.  Very  probably  red  blood  corpuscles  arc  dissolved  iu  ibc  liver,  and  their 
bjnnDglot^n  changed  into  bilirubin. 

(b)  Biliverdin,  C„HmN^O^,  is  an  oxidized  derivative  of  the  former,  from 
which  i(  can  be  obtained  by  various  oxidation  processes.  It  is  readily  soluble  in 
aJiphol^  very  slightly  so  in  ether,  and  not  at  ail  soluble  in  chloroform,  It  occurs 
in  ihc  placenta  of  the  bitch.  As  yet  it  has  not  been  re-transfornicd  by  redticing 
a^nts  into  bilirubin. 
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Tests  for  Bile  Pigments. — Bilirubin   and  biliverdin  may  occur  in  ol^i 
fluids,  e.  g.,  Ihe  urine,  and  are  detected  by  the  Gmclin-Hcintz'   reaction. 
When  mtric  add  containing  some  nitrous  aa'/f  ii  added  to  a  liquid  containing  lhc«: 
pigments,  a  play  of  colors  is  obtained,  beginning  with  green  (biliverdin i,  blue. 
violet,  red,  ending  with  yellow.     [This  reaction  is  best  done  by  placing  a  drop  o\ 
(he  liquid  on  a  to/tite  porcelain  plate,  and  adding  a  drop  of  the  impure  nitric  aci<J-'\ 

(f)  If,  when  the  liluc  cnlor  is  reached,  the  oxidation  process  is  ancMwi,  bUicyanio  (A^r^^ai*! 
Oimffbfil),  in  dcid  wlution  blue  (in  alkaline  violet),  is  obtained,  which  ftbom  two  iU-ddined  ik^^mry 
lioa  lH\nds  near  D  ijfff^). 

{lis  Bilifuscin  occurs  in  small  amount  in  decomposing  hile  and  in  gall  stones  ?=  bilinibb)  -r  U^^^^- 

j^)   Biliprasin  {S/Sdler)  also  occur*  =  rtiliniLin  +  H,0  -f-  O. 

(/)  Thf  yellow  pifjiiiem,  which   uliitnaicly  results  from  the  prolonged  BCtion  of  the  oiidie 
reagent,  is  ihc  cholctetin  (C,gH,gN,0,)  of  Maly;  it  is  omorphoiu,  and  <tolub1c  in  «»lc».  r' 
Bci<l*>,  mill  nllcrtlH'->. 

[Spectrum  of  Bile. — T\\e  bile  of  carnivorous  nnimaU  i«. generally  free  from  nI»wprpiJon  l<«»(ii.e(C 
when  acULs  aru  added  to  it,  in  which  com;  the  ImJid  oftiiliruUn  is  revealod.      Bilirubin  and  Uli»e 
yield  characlcri>.tic  specUa  only  whtn  they  are  treated  with  niuHc  add.     The  liilc  of  sonri 
yields  bands,  but  whoi  this  is  the  case  they  arc  due  to  the  presence  of  a  derivative  of  tuematm.  ^ 
MacMunn  calls  this  tody  cholohaematin,  which  giv«i  a  three-  or  four-lianded  *pectrum  (0)t,  ^re^H 

(g^  Bilirubin  absorbs  H  -f-  H,0  (by  putrefaction,  or  by  the  treatment  of  alkali: 
watery  solutions  with  the   powerfully  reducing  sodium  amalgam),  and  bccon 
converted  into  Maly's  hydrobilirubin  (CaHrtN^O,),  which  is  slightly  solublt   — =  i 
water,  and  more  easily  soluble  in  solutions  of  sails,  or  alkalies,  alcohol,  etfc      ^' 
chloroform,  and  shows  an  absorption  band  at  h,  F.    This  substance,  which,  acco- 
ing  to  Hammarsten,  occurs  in  normal  bile,  is  a  constant  coloring  matter  of  face 
and  was  called  stercobilin  by  Vaulair  and  Masius,  but  is  identical  with  hyd 
bilirubin  {Afaly).     It  is,  however,  probably  identical  with  the  urinary  pig 
urobilin  of  JafT^  {Sfokris,  §  20), 

[TIic  bile  of  invertebrates  contains  none  of  the  bile  piKment&  present  in  vertebrates,  1 
hTmochromoRtui  is  found  in  thi' crayfish  and  pulmonale  mollusks.  In  wme  or^am.  and  la  bili^^^  j 
pigincTii  like  vegctnl>Ie  chloTtifihyll — entero- chlorophyll — \s  found;  but  whether  it  t&  derived  fr""  "* 
without,  or  fonnpd  within  the  ur^nni&m,  Ls  not  certain  ( J/<n-vV«rt»iV]  | 

(4)  Cholesterin,  CjgH„0(H,0),  is  a  monatomic  alcohol  which  rotates  t^-^' 
ray  of  polarized  light  to  the  left  ;  it  occurs  also  in  bloo-^ 
^'*''  '9*'  yelk,  nervous  matter  [and  gall  stones].     It  forms  trautw* 

parent  rhombic  plates,  which  usually  have  a  small  oblor»if 
piece  cut  out  of  the  corner  (Fig.  196).     It  is  insolul**' 
in  water,  soluble  in  hot  alcohol,  ether,  or  chlorofon**-    \ 
It  is  kept  in  solution  in  the  bile  by  the  bile  salts- 
Preparation. — It  U  most  easily  prepared  from  socalird  whf«* 
gall  stones,  which  not  unfreiiupiitly  con>ij>i  cnlirdy  of  cholesterin.  If 
extracting  thc-m  with  hot  alcohol  after  the}*  are  pulveriiLed.     Cfjflaai* 
are  excreted  after  evnporalinn  of  the  alcohol.     Tests. — They  jive   • 
red  color  with  sulphuric  acid  (5  voU.  to  1  vol.  H,(J1.  while  they  (nr* 
a  blue — as  cellulose  docs — wKh  sulphuric  ncid  and  iotlinc.     \\'hrO 
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dissolved  in  chloroform,  one  drt^)  of  concentrated  sulphiuic  acid  cauM'»  a  deep  red  color  (//  Sckij^^ 

(5)  Among  the  other  organic  constituents:  Lecithin  (§  23),  or  its  deconi' 
position  product,  neurin  (cholin),  and  glyctro-phosphoric  acid  (into  which 
lecithin  may  be  artificially  transformed  by  boiling  with  liaryta) ;  palmatin* 
stearin,  olein,  as  well  as  their  soda  soaps;  diastatic  ferment;  traces  <yf 
urea;  (in  ox  bile,  acetic  acid  and  propionic  acid,  united  with  glycerine  and 
metals,  Vogie/). 

(6)  Inorganic  constituents  of  bile  (0.6  lo  i  per  cent.):— 

They  arc — sodic  and  {Kita&sic  chloride,  calcic  and  niagm-AJc  phf«phale,  and  much  iron,  whkh  •«■ 
(r»h  bile  gives  the  onlinary  reaction^  for  iron,  so  that  iron  nnisi  occur  m  one  of  its  onidiied  crmpoWMl*' 
in  bile ;  numgnnrse  and  silica.  Oases.— Frt:sh1y-M-crete<l  bile  conlam*.  in  the  dog  more  than  $0  Tokk« 
and  in  the  rabbit  109  wjls.  per  cent,  CO,,  ponly  united  to  alkalies,  jmrtly  alnorbcd,  the  Utter,  lio«r* 
ever,  being  alin»it  completely  olnorbed  within  the  gall  bladder. 
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The  meui  composition  of  human  bile  is:— 

Water, Sa  tn  90  per  ccnl.  Lecithin 0.5  per  cent 

Bile  salts. 6  to  11       "  Mucin  ami  |Menicmi%  .    1  to  3 

Fat  and  maps, a       **  Ash, o.6i      " 

Cholnteriii, o^   *' 

Further,  unchangTfl  Tat  prtibntilv  always  pajncs  into  the  ttile,  Init  it  is  afinin  ohsorl«rd  tlnrrcruiin 
{ I'irektnf).  nif  amouiti  of  S  in  Axy  (Ior's  bile  =  2.8  lo  3.1  \tcT  ceni ,  ihc  N  =  7  to  10  jwr  cait. 
(A>»r>*> ;  the  sulphur  nf  Ihc  liilc  is  not  oxiilizcd  into  sulphuric  acid,  but  It  afifieon  ai  a  sulphur  com- 
pound in  the  urine  {A'unA^l,  v.  yoii). 

178.  SECRETION  OF  BILE.— (i)  The  secretion  of  bile  is  not  a 
mere  BUratioQ  of  substances  already  existing  in  the  Mood  of  the  liver,  but  it  is  a 
chemical  production  of  the  characteristic  biliary  constituents,  accom[>anied  by 
oxidation,  within  the  he|)atic  cells,  to  which  the  blood  of  the  gland  only  supplies 
ihe  raw  material.  The  liver  cells  themselves  undergo  histological  changes  during 
the  process  of  digestion.  It  is  secreted  continually;  but  part  is  stored  up  in  the 
gall  bladder,  and  is  poured  out  copiously  during  digestion.  The  higher  tempera- 
ture of  the  blood  of  the  hepatic  vein,  as  well  as  the  large  amount  of  CO,  in  the 
bile,  indicates  that  oxidations  occur  within  the  liver.  The  water  of  the  bile  is  not 
merely  filtered  through  the  blood  capillaries,  as  the  pressure  within  the  bile  ducts 
may  exceed  that  in  the  portal  vein. 

(2)  The  quantity  of  bile  was  estimated  by  v.  Wiltich,  from  a  biliary  fistula, 
at  533  cubic  centimetres  in  twenty-four  hours  (some  bile  passed  into  the  intes- 
tine) ;  by  Westphalen,  at  453  to  566  grms.  [by  Murchison,  at  40  oz.]  ;  by  Job. 
Ranke,  on  a  biliary-pulmonary  fistula,  at  652  cubic  centimetres.  The  last 
observation  gives  14  grms.  (with  0.44  grms.  solids)  per  kilo,  of  man  in  twenty- 
four  hours. 

Analof^ous  values  for  onimftU  ore — 1  kilo,  dog,  33  grms.  ( 1.2  solids) ;  1  kilo,  rabbit,  137  grms,  (3.5 
M^ids):    I  kilo,  guinra  pig,  176  grms.  (3.5  soli<^). 

(3)  The  excretion  of  bile  into  the  intestine  shows  two  maxima  Juring  otu 
period  0/  i/igesHon ;  the  first  from  3  to  5  hours,  and  the  second  from  13  to  15 
hours,  after  food.  The  cause  is  due  lo  simultaneous  reflex  excitement  of  the 
hepatic  blood  vessels,  which  become  greatly  dilated. 

(4)  The  influence  of  food  is  very  marked.  The  largest  amount  is  secreted 
after  a  flesh  diet,  with  some  fat  added  ;  less  after  vegetable  food  ;  a  very  small 
amount  with  a  pure  fat  diet;  it  stops  during  hunger.  Draughts  of  water  increase 
the  amount,  with  a  corresponding  relative  diminution  of  the  solid  constituents. 
[The  biliary  solids  are  increased  by  food,  reaching  their  maximum  about  one  hour 
after  feeding.] 

(5)  The  influence  of  blood  supply  is  variable: — 

{a)  Secretion  h  grrntly  favored  by  a  co^iiuu:!  and  rapid  blood  supply.  The  blood  prcauue  is  not 
ihe  prime  foctiv,  as  ligiuure  of  the  cava  above  the  diaphragm,  wberclvy  the  greatest  blood  prenaie 
occurs  in  the  Liver,  arreUs  the  accretion. 

(4)  ^omiltaneaaik  ligature  of  the  hepatic  artery  (diameter,  5)^  irnn.)  and  the  porta)  vein  (diameter, 
16  mm.)  abolishe*  the  sccrctioo  yRohrig).  'Ilicsc  two  veueU  iui)f)ly  the  raw  material  for  the-  accre- 
tion of  Ule. 

(r)  Ifthe  hepatic  arter>'  Ik  ligatured,  the  port.!!  vein  alone  supports  the  secretion.  Ligature  of  the 
artcrv  or  one  of  its  branches  ultinutely  causes  necro&iii  of  the  puli  siq)|>Ued  by  that  branch,  aiKl 
eventually  of  ihe  entire  liver,  as  thi*  arterj-  \s  the  nutrient  vessel  of  the  liver. 

(</]  If  the  Imiiich  of  the  poital  vein  lo  one  loW  be  ligatured,  there  \&  only  a  slight  secretion  in  tlial 
lolte,  to  thai  Ihe  liile  must  t>r  ftniicfl  frvmi  the  orterinl  blood.  Complete  ligature  of  tlie  portal  vein 
fwidly  CBu^et  death  ( {  87 ).  Neither  ligature  of  the  hepatic  artery  by  itself,  nor  ^rajuai  obliteroiioo 
of  (be  portal  vein  tiy  itself,  cau'^sceuation  of  the  KCretion,  but  it  i:*  dimini-shed.  'Phai  iudjfn  ligature 
of  the  (Mirial  vein  cauvrs  cevuttinn  indue  to  Ihe  fact  that,  in  addition  to  diminution  of  ihe  vrcretioti.lhc 
ciKinnous  Uognatiun  of  blood  in  the  rootlets  uf  the  portal  vein  in  the  abdominal  organs  makes  the  liver 
very  anxmic,  and  thus  |)revml3  it  from  *4xrrrling. 

^        \t'\  ]f  the  blood  nf  tlic  hepatic  artery  i»  allowed  to  pas*  into  the  (xalal  vein  ('which  bos  been  tiga- 

^k  tiirvd  on  tbr  [KTi|ihrral  iide),  secretion  continues  \Sckiff\. 

H       if)  IVoluM-  loaa  of  blood  arrests  the  secretion  of  bile  before  ibc  muscular  and  ner^ota  appanilas 

H  tne  (Mralyxcd.    A  more  cofiiouB  supfily  of  blood  to  other  oigans — r.^'.,  to  the  muscles  of  the  iruiJi — 
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during  vigoifNis  exerdM,  diminishes  the  secretion,  while  the  transftuion  or  lor^  (funntities  of  blood 
increases  it,  but  if  too  high  a  pressure  is  caused  in  the  portal  vein,  by  introducing  blood  from  the  caro- 
tid of  another  nitimal,  it  a  diminished. 

i^)  Influence  of  Nerves. — All  conditions  which  cause  contraction  of  the  nbdominal  blood 
veawcls, /■•J-.,  stimulation  of  the  ansa  Vieusseuii,  of  the  inferior  cervical  gungUon,  of  the  hqMtic 
Dcrvw,  of  the  splanchnics,  of  the  *ipinal  cord  (ciiher  directly  !>)■  strychnia,  or  rcflexly  through  «imu- 
lalion  of  scnsor>' ucr^-es),  a^ect  the  secretion;  and  so  do  all  conditions  which  cause  stagnatioa  or 
congestion  of  the  Mood  in  the  hepatic  vessels  (section  of  th«  <>|)Ianchnic  nerves,  diabetic  puncture, 
S  175)<  »ctioD  of  the  cervical  spinal  cord.  ParolyM^  (ligature)  of  the  hepatic  nerves  causes  at  fint 
an  increase  of  the  biliary  secretion. 

{h\  Portal  and  Hepatic  Veins. — With  regard  to  the  raw  material  Mipplicd  to  (he  liver  by  its 
blood  vc!v>u.'ls,  it  i-i  imjxirtRnt  lo  note  the  dilTrrtncc  in  the  com|K4iliun  of  thr  IjIo'kI  of  ihr  hepatic  and 
portal  veins.  The.blood  of  the  hepatic  vein  coniaini*  mcrt  sugar  (?),  lecithin,  cholcslcrin  {VrosJaff), 
and  blood  corpuscles,  but  /«/  albumin,  fibrin,  harmoglobin,  fat,  water,  and  salts. 

[(()  UfTelmann  observed  that  the  tlow  of  bite  from  u  {lerwn  with  a  biliary  fUtuIa  was  orrcsled 
during  fever.] 

(6)  The  formation  of  bile  is  largely  dependent  upon  the  decomposition  of 
red  blood  corpuscles,  as  they  supply  the  material  necessary  for  the  formation 
of  some  of  its  constituents. 

Hence,  all  condition*  wliich  cause  solution  of  the  colored  blood  corpuscles  are  accompanied  tiy  an 
iocreaiM:!tl  fomiaiion  of  bile  (J  i8o)- 

(7)  Of  course  a  normal  condition  of  the  hepatic  cells  is  required  for  a  nomal 
secretion  of  bile. 

Biliary  Fietulae. — The  mechanism  of  the  biliary  secretion  'v,  studied  in  animals  by  means  of 
UUary  fistubr.     Schwann  opened  the  belly  L>y  a  vertical  inci>ion  a  little  to  the  n|jbl  of  the  cnsifonn 

prtx:ess,  cut  into  the  fundu*  of  the  gall  bbdder. 
Fig.    197.  and  sewed  its  margins  to  the  edges  of  the  uound 

in  the  nlxlomen,  and  afterward  introduced  a  can- 
nula into  the  wound  (I'ig.  H)7).  To  secure  that 
all  the  bile  \^  di&cbai^cd  externally,  tic  the  com- 
mon bile  duct  in  two  places  and  divide  it  between 
the  two  ligatures.  After  a  fistula  is  freshly  made 
the  secretion  falls.  Thi-t  dr[>cndj(  u]nn  the  re- 
moval of  the  bile  from  the  body.  If  bile  be 
supplied,  the  »>ecn:tiun  is  increased.  Regenera- 
tion of  the  divided  bile  duct  may  occur  in  dogs. 
V.  Wiltich  observed  a  biliary  fistula  in  man._fA 
temporary  Hilary  fistula  may  aUo  be  made,  The 
abdomen  \s  opened  In  the  same  way  as  described 
above,  A  long  lient  g1a<w  cannula  in  introduced 
and  tied  into  the  common  bile  duct,  and  the  cystic 
duct  is  ligaiurt-d  or  clam[>ed  tKig.  197).  The 
tube  vs  Intjught  out  through  the  wound  in  the 
abdomen. 

[Influence  of  the  Liver  on  Metabolism. — tf  the  liver  be  excluded  from  the  circnlation. 
imfjortant  changes  nmsl  necessarily  occur  in  the  roclalwlism.  In  birds  (the  goose)  there  is  an 
anastomosis  between  the  portal  system  of  the  liver  and  that  of  the  kidneys,  so  that,  when  the  i>ortal 
circulation  is  intemiiHcd  in  these  animaU,  there  {•>  never  any  great  congeMion  In  the  abdominal 
organs.  The  goov  die*  generally  eight  to  ten  hours  after  the  operation.  The  wrrV  arid  in  the  wrine 
rimidly  falls  to  a  minimum  ( J^  to  ^J^  of  narmaH :  the  chief  constituent  of  the  urine  \s  then  »arcoIactic 
acid,  while  in  normal  urine  there  is  none;  the  amroonio  is  increased  (Afittii(nuski\.  This  cxi)cnmcnt 
goes  to  indicate  that  uric  acid  is  formed  in  the  liver.  Dog. —  If  the  liver  be  excluded  from  the  pnrtal 
drtulotiou,  by  connecting  the  portal  vein  with  the  inferior  vena  cava,  and  ligaturing  the  hepatic 
artery,  a  dog  will  live  in  the  fonner  case  three  to  <.ix  days,  and  in  the  latter  one  lo  two.  The  liver 
does  nc<  undergo  necrosis  nor  duct  bile  cea-sc  lo  be  secreted.  'ITie  liver  is  nouri.^hed  by  the  blood  in 
the  hejtatic  vein,  the  reflux  in  ihLs  vein  being  probably  caused  l>y  the  respiratory  movements 
{^Sto/nikmo).  Noel  I'aton  finds  that  in  dog?;,  in  a  condition  of  nilrogcnotUi  balance,  some  dnigs  which 
increase  the  flow  of  bile  (/.  g,,  salicylate  and  benioate  of  soda,  colchicum,  pcrchloride  of  mercury,  and 
euonymin^  also  increase  the  production  of  urea;  heuce,  he  concludes  that  the  formation  of  urea  in  the 
liver  bcar-j  a  very  direct  relationship  to  the  secretion  of  bile  ( \  256).] 

179.  EXCRETION  OF  BILE.— [In  this  connection  we  must  keep  in 
view  two  distinct  mechanisms.  ( i)  The  bile-secreting  mechanism  dei>end- 
ent  upon   the  liver  cells,  which  are  always  in  a  greater  or  less  degree  of  activity ; 


i 


Schwann'^  pcrmkiienl  fiftuln,  anrl  a  teni|Kirary  flstiili, 
WA<^,  Rlidoiniiujt  wall ,  G.  y,,EaU  bladikr;  INT., 
tntntinc  ,  T.,  lube  in  temporary  AmiiU  (SJirfin^). 


EXCRETION   OF   BILE. 


317 


(a)  ih€  bile-expelling  mechanism,  which  is  specially  active  at  certain  periods 
of  digestion  (§  1 78). 

Excretion  of  bile  w  due  to  (i)  the  continual  pressure  of  the  newly-forracd 
bile  within  the  inter-lobular  bile  ducts  forcing  onward  the  bile  in  the  excretory 
dm  ts. 

(2)  The  interrupted  periodic  compression  of  the  liver  from  above,  by  the 
diaphragm,  at  every  inspiration.  Turther,  every  inspiration  assists  the  flow  of 
blood  in  the  hei>atic  veins,  and  every  respiratory  increase  of  pressure  within  the 
abdomen  favors  the  current  in  the  portal  vein. 

It  is  probable  that  the  diminution  of  the  secretion  of  hilc,  which  occurs  after  bilateral  division  of  the 
vagi,  u  lo  br  etplnincd  in  this  way;  ^lil!,  it  is  to  \m:  remcml Jtrcd  that  the  vngiis  »iend>  tiranchcA  to  the 
hepatic  plexus.  It  is  itot  decided  wliether  the  Inliaiy  secretion  is  dinuni<>hcd  after  lection  of  the 
phrenic  nerves  aixl  paralysis  of  the  abdominal  inusc!t;s. 

(3)  The  (onfraction  of  the  smooth  musdes  of  the  larger  bile  ducts  and  the  gall 
bbdder-  Stimtjation  of  the  spinal  cord,  from  which  ihe  motor  nerves  for  these 
structures  pass,  causes  acceleration  of  the  outflow,  which  is  afterward  followed  by 
a  diminished  outflow.  Under  normal  conditions,  this  stimulation  seems  to  occur 
reflexly,  and  is  caused  by  the  passage  of  the  ingesta  into  the  duodenum,  which,  at 
the  same  lime,  excites  movement  of  this  part  of  the  intestine. 

(4)  Direct  stimulation  of  the  liver,  and  reflex  stimulation  of  the  spinal  cord, 
diminish  the  excretion  ;  while  extirpation  of  the  hepatic  plexus  and  injury  to  the 
floor  of  the  fourth  ventricle  do  not  exert  any  disturbing  influence. 

(5)  A  relatively  small  amount  of  resistance  causes  bile  to  stagnate  in  the  bile 
ducts. 

Secretion  Pressure.— A  manometer,  tied  into  the  ^all  bladder  of  a  guinen  pig,  supporti  a  column 
of  200  millimetres  of  loa/cr  ;  and  secretion  can  lake  place  under  this  pressure.  If  this  pressure  be 
iDcreased.  or  too  long  stwtaincd,  the  watery  bile  passes  from  the  liver  into  ih^  blood,  even  lo  Ihe 
unount  of  four  times  the  weight  of  the  liver,  thus  cauMng  solution  of  the  red  blood  cor]jU!>cleh  by  the 
ibtorlied  bile;  and  very  soon  ihcreoftcr  ha-moRlolnn  appears  in  the  urine.  [This  fuel  is  of  practicol 
importance,  as  duodenitis  may  give  rise  to  symptoms  of  {aundice,  the  resistance  of  tbc  inflamed 
Omcous  mcmlTane  licing  sutficicut  to  arrest  tbc  outlluw  of  bile.^j 

Passage  of  Substances  into  the  Bile.— Some  sulistances  which  enter  the  blood  pass  into  the 
Ule;  e»pM:^"uilly  the  metals,  copper,  arsenic,  iron,  etc.;  pota.'^sium  iodide,  bromide,  and  sulphocyanJde 
lad  turpentine;  to  a  Icvt  degree,  cane  sugar  and  grafie  MJgar;  sodium  ludicytate,  and  carbolic  acid. 
If  a  large  amount  of  water  be  injected  into  the  blood,  the  bile  becomes  albuminous;  mercuric  and 
tDrrciirou!!  chUwJdes  cause  an  increase  of  the  water  of  the  bile.  Sugar  has  h^en  found  in  the  Uiic  in 
diabetes;  leucin  ond  tyrosin  in  t>'phuSt  lactic  acid  and  albumin  in  other  pathological  conditions  of  this 

180.  RBABSORPTION   OP   BILE;  JAUNDICE.— I.  Absorption  Jaundicc-Whcn 

rtsbtODce  is  offered  to  the  outflow  of  title  into  the  intestine,  e.  v-,  liy  a  phig  of  mucu*,  ur  a  giill  ^lone 
vkich  occludes  the  bile  duct,  or  where  a  tumor  or  pressure  from  without  makes  it  imiK'r\'ious — Ihe 
bile  ducts  become  filled  with  bile  and  cause  in  enlargement  of  the  liver.  The  pmwure  within  the 
bile  ducts  b  increased.  As  soon  as  the  pressure  has  readied  n  certaia  amount,  which  it  soon  docs 
H-hcn  the  bile  duct  i^  occludeil  (in  the  dog  275  mm.  of  a  column  of  bile),  rtrab'iorplion  of  bile  &oin 
the  dbitcDded  larger  bile  ducL^  takeA  place  into  the  tymphaiici  (not  the  blood  vefiseK)  of  the  liver,  the 
l>ile  acids  pa»s  into  the  lymphatics  of  the  hvcr.  [The  lymphatics  can  be  seen  at  the  i>ortaI  ftssure 
filled  with  yellow  colored  lymph  ]  The  lymph  pa.-i'^'S  into  the  thoracic  duct,  and  *o  into  the  blood 
(  f^Uisfht),  Even  when  the  prcs>ure  is  vcr^'  low  within  the  prjrtal  vein,  bile  may  pass  into  the  blood 
%rtthotlt  any  olwtniction  to  the  bile  duct  l>eing  prri^ent,  Thi'.  is  the  case  in  Icterus  neonatorum,  as 
After  l^alure  of  the  umbilical  cord  no  more  blood  posHS  through  the  uinbihcal  vein;  further,  in  the 
ictcras  of  hunger,  "  hunger  jaundice"  as  the  portal  vein  is  retatively  empty,  owing  lo  the  feeble 
abaorpUon  from  the  intestinal  canal  t  C7  Bernard). 

II.  Cbolcmta  may  alM  occur,  owing  to  the  excc^ive  production  of  bile  (hj-percholial,  the  bile 
not  l>eing  all  excreted  into  the  iiiletiline,  so  that  )»art  of  it  is  Teal>sortxrd.  Ttii'*  Inbrs  place  when  there 
is  solution  of  a  great  number  of  blood  coqMucles  ({  178,  6),  which  peld  material  for  the  formation  of 
bile.  Thick,  iiupiMaied  liile  accumulate?)  in  tlic  bile  ducL»,  ito  that  ^ttogiiation,  with  .Hub>c<|ucnt 
rcahsorptkn  of  the  Inic,  toties  place.  The  tranfu-iion  of  hcterogpncous  btoofl  obtainnl  by  dissolving 
oolorcd  blood  coqiu^lcs  acts  in  this  direction.  Icterus  i.s  a  common  phenomenon  after  loo  copious 
transfusioii  of  the  some  blood.  l*he  blood  corpuscles  are  di&^olved  by  the  injection  into  the  lilood  of 
betcTogeneotts  blood  serum,  by  (he  injection  of  bile  acids  into  the  vessehi,  and  by  other  salts,  \rj 
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pbosplioric  acid,  water,  cliloral.  inhalalkm  of  chlorofonn  tod  etfaer;    the  injection  of  di&solvcd 
ha;ni«>(;l(iliin  into  llid  aricric?;  or  iiilo  n  looji  of  the  small  intcMtnf  acts  in  Ihc  Mime  way. 

Icterus  Neonatorum. — When,  owing  to  compression  of  the  plncfntn  within  the  utcnu,  too  much 
blood  Ls  forced  intu  lh<:  Mood  ves^cl^  r)f  the  newly-bom  infant,  a  pait  of  the  Aurplus  blood  during  the 
first  few  days  becomes  dissolved,  part  of  the  bxmoglobin  in  converted  mto  bilirulnn.  thus  causing 
jaundice  [  tyrcAote,  I'lo/cf), 

Absorption  Jaundice. — When  the  jaundice  is  caused  by  the  absorption  of 
bile  already  f^ormed  in  the  liver,  it  is  called  hepatogenic  or  absorption  jaundice. 
The  following  are  the  symptoms  : — 

II)  Bile  pigirient-s  aiul  bilt;  kc ids  pass  into  the  tL««ucs  of  the  body;  hence,  tlie  nii»t  pronouiiCL-d 
e»lcmnl  i)in|j4om  ii  the  yellowish  tint  or  Jaumtice.  The  skin  and  the  sclerotic  become  deeply  colored 
yellow.     In  pregnancy  the  fietus  is  also  tinged. 

(z)  Ilile  pigments  nnd  bile  acids  pOAs  into  the  urine  (not  into  the  saliva,  (ears,  or  mucus)  {\  I77). 
Wliai  there  is  much  bile  piginciil,  the  urine  U  colored  a  deep  ycllowi.0i  brown,  and  its  froth  is  cilroa 
yellow;  while  striiis  of  gclntin  or  \to.\t:r  dipfied  into  it  also  become  colored.  Occasionally  hilinibtn 
(=  hamiatoidin)  crystals  occur  in  the  urine  ($  266). 

(3)  The  fiecea  ore  "  clay  coiorcH"  [liccausc  the  hydrobilirubin  of  the  bile  is  absent  from  the  fecal 
matter) — very  hard  (because  the  fluid  of  the  bile  dow  not  poss  into  the  intestine) ;  contain  much  fat 
(in  globules  and  cr\'staLs),  because  the  fat  is  not  sullicienlly  digested  in  the  intestine  without  bile,  so 
ibal  78  per  cent,  of  the  fat  taken  with  the  food  reappears  in  the  fceces  \y,  VbU\\  ihey  have  a  very 
diiiigreeahle  oUor,  because  the  bite  normally  greatly  bmits  the  putrefaction  in  the  intestine.  [V.  Voit 
finds  that  putrefaction  does  not  take  place  if  fats  be  withheld  from  the  footl.]     The  evacuation  of  the 

Jaca  occurs  s/irufly,  portly  owing  lo  the  hardness  of  the  teces,  portly  because  of  the  absence  of  the 
peristaltic  moveini-til.s  of  the  intestine,  owing  to  the  want  of  the  .(itimuluting  action  of  the  bile. 

(4)  The  heart  beats  are  greatly  diminished,  /.^..  to  40  per  minute.  Tliis  i§  due  lo  the  action  of 
the  bile  salts,  which  at  first  stimulate  the  cardiac  ganglia,  and  then  M-cakcn  them.  Uile  salts  injected 
into  the  heart  produce  at  tirst  a  temporary  acceleration  of  the  iHilw,  .and  afterward  slowing  yit^hni;). 
The  same  occurs  when  they  arc  injected  into  the  blood,  but  in  this  case  the  stftgc  of  excitement  is 
v<*ry  short.  The  phenomenon  is  not  affected  by  section  of  the  vagi.  It  U  prnt)al>le,  that  when  the 
action  of  the  bile  salts  iv  long  coniinue<l.  tht-y  act  uiwn  the  heart  muscle.  In  addition  to  the  action 
on  the  heart,  there  is  slowing  of  the  respiration  and  diminution  of  temperature. 

(5)  That  the  nervous  system,  and  [>trrhnp»  also  the  muscles,  are  affected,  cither  by  the  bfle  satis 
or  by  the  accumulation  of  cholesterin  iu  the  blood,  is  shown  by  the  very  general  relaxation,  sen&ation 
of  fatigue,  wcaknes-s  drowsiness,  and  lastly,  deep  coma — sometimes  there  is  sleeplessness,  itchiness  of 
the  skin,  e\'ea  mania,  and  spasms.  Lfiwit,  after  injecting  bile  into  animals,  ob^icrved  jiheuouieua 
reierable  to  stimulation  of  the  respiratory,  cardio- inhibitory,  and  voaoniotor  nerve  centres. 

(6)  In  ver>-  pronounced  jaundice  there  may  be  ** ytll<nv  t'isiifn,"  owing  to  the  impregnation  of  the 
retina  and  macula  luten  with  the  bile  |Mgmciit. 

(7)  The  bile  acids  in  the  blood  dis-solve  the  red  blood  coipuscle*.  The  h.tmoglobin  is  changed 
into  new  bile  pigment,  and  the  globulio-likc  body  of  the  lunnoglobin  may  form  urinary  cyliDden  or 
ca.Hts  in  the  unnary  tubules,  which  arc  uUinmlcly  washed  out  of  the  tulmlcs  by  the  urine. 

[Influence  of  Drugs  on  the  Secretion  of  Bile. — On  animals  one  may  moke  cither  a  pcnna- 
iient  or  a  tL-miKirju-y  libtulu.  The  latter  is  the  more  satisfactory  melhotl,  and  the  cx^Mriincnts  arc 
mually  made  on  fasting  cur.in?f<i  dogs.  A  suitable  cannula  h  introduced  into  llie  common  bile  duct 
(Hg.  197).  the  aiitmul  is  curnrizcd,  ailiftcinl  respiration  bclug  kept  up,  while  the  drxig  is  injtrctcd  into 
the  stomach  or  intestine.  Kohrlg  used  lliLs  method,  which  was  impruvetl  by  KulheHbrd  imd  Vignal. 
Kfihrig  found  that  some  purgatives,  croton  oil,  colocynth,  jalap,  aloes,  rhubarb,  senna,  and  other 
substances,  increased  the  secretion  of  bile.  Rutherford  and  Vignal  investigated  the  action  of  a  large 
number  of  drugs  on  the  bile-secreting  mechanism.  They  found  that  croton  oil  is  a  feeble  hepatic 
stimulant,  while  [)odoph}lliii.  aloes,  cotchicuiu,  cuonymin,  iridin,  sanguinarin,  ipecacuau,  colocynth, 
.lodium  phosphate,  phytolaccin,  .sodium  bcn;oale,  aodium  salicj'Iale,  dilute  nitro- hydrochloric  acid, 
ammonium  phosphate,  mercuric  chloride  (corrosive  sublimate),  are  all  [wwerful,  or  very  considerable, 
hnnlic  stimulants.  Some  substances  stimulate  the  intestinal  glands,  but  not  the  liver,  r.g.,  magnesium 
sulphate.  ca.slor  oil,  gamboge,  ammonium  chloride,  manganese  sulphate,  calomel.  Other  'iubstanccs 
sUinulate  the  liver  aa  well  as  the  iutestitiol  glands,  altliuugh  not  to  the  same  extent,  e-j.'^,  scatmnotiy 
(powerful  intestinal,  feeble  hepatic  stimulant);  colocnith  excites  both  powerfully;  jalap,  sodium 
suljihatc,  and  beiilisin,  act  with  considerable  power  bc^th  on  the  liver  and  the  intestinal  glands. 
Ouabar  bean  stimulates  the  liver,  and  the  increased  secretion  caused  thereby  may  be  reduced  by 
sulphate  of  atropin,  although  the  latter  drug,  when  given  alone,  docs  not  notably  alTect  the  secretion 
of  bile.  The  injection  of  water  or  bite  slightly  increases  the  secretion.  In  all  cases  where  purgatian 
was  produced  by  purely  intestinal  stimulants,  such  as  magnesium  sulphate,  gamboge,  and  castor  oil, 
the  secretion  of  bile  was  diminishc*!.  In  all  such  exi»priments  it  is  most  im(K)rtant  that  the  ffm^fra/uff 
of  the  animal  In  krpt  up.  else  the  secrrtion  of  bile  diminishes.  Paschkis's  results  on  dogs  differ 
considerably  from  those  of  Rutherford.  lie  asserts  that  only  tlic  bile  acids  (salts)  of  all  the  substances 
he  investigated  excite  a  prompt  and  distinct  cholagogue  action.] 
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[As  yet  we  CMinot  say  definHely  whetlicr  or  not  these  uibMimCfs  Mtmulflle  the  MCretion  of  bile, 
by  exciting  the  mucotu  membrane  of  ibc  small  intestine,  and  (hereby  inducing  reflex  excitement  of 
the  liver.  Tbcur  union  ducA  not  mtciu  to  Ijc  due  to  increase  of  ibc  blood  stream  tbruu^b  the  liver. 
More  probahly.  u  Kutheribrd  «iggert>.  these  dnif^s  act  directly  ou  the  heptUic  celU  ur  their  nerves. 
Atct«ie  of  Irnd  directly  depretm  the  bllluy  Kcretion,  while  some  cubstonces  aflcct  it  indirectly.] 

[Cholettenemia. — Mint  ascrihes  great  importance  (o  the  excretion  of  cholestcrin  by  the  bile,  with 
relcmice  to  thr  mrtAl>oli&m  of  the  nerroui  !i>'itlem.  Cholesterin,  which  ts  a  normal  ingredient  of 
ocrrou^  tissue,  is  cKCrcied  by  the  bile;  and  if  il  be  retained  in  the  blood  " cbolcsterxmia,"  with  grave 
nervous  symptom*,  in  saifl  to  occur.  This,  however,  is  problematical,  and  the  pfaenon^cDa  described 
are  probably  referable  to  the  retention  of  the  bile  acids  in  the  blood.] 

i8i.  FUNCTIONS  OF  THE  BILE.— [(0  Bile  is  concerned  in  the 
dige&tion  of  certain  food  stuffs;  {2)  part  is  absorbed  ;  (3)  part  is  excreted.] 

(A)  Bile  plays  an  important  pait  in  the  absorption  of  fats : — 

(1)  It  emulsionizes  n^ufra/ /a/s,  whereby  the  fatly  granules  pass  more  readily 
through  or  between  the  cylindrical  epithelium  of  the  small  intestine  into  the 
lacteals.  Il  does  «<?/ decompose  neutral  fau  into  glycerine  and  a  fatty  acid,  as 
the  pancreas  does  (§  170,  III). 

When,  however,  fauy  acids  are  flussolved  in  the  bile,  the  bile  salts  are  decomposed,  the  bite  acids 
being  set  free,  while  the  soda  of  the  decumpuscfl  bile  :>alts  readily  fonns  a  soluble  MUp  with  the  fatty 
acids.  These  soaps  are  soluble  in  the  bile,  and  increase  comiderolily  the  eo)ul->ifying  power  of  this 
Itutd.  Uilc  can  dissolve  fatty  acids  to  form  an  acid  Huid.  which  has  high  cmuUioniziog  ptojierlies 
\Steimr).     EnmUiricntion  is  influenced  by  a  I  ijer  cent,  solution  of  NaCl,  or  NajSO,. 

(2)  As  fluid  fat  flows  more  easily  through  capillary  tubes  moistened  with  bile,  it 
is  concluded  that  when  the  pores  of  the  wall  of  the  small  intestine  are  moistened 
with  bile,  the  fatty  particles  pass  more  easily  through  them. 

(5)  Filtration  of  fat  takes  place  through  a  membrane  moistened  with  bile  or  bile 
salts  under  less  pressure  than  when  it  is  moistened  with  water  or  salt  solution  (r. 

(4)  As  bile,  like  a  solution  of  soap,  has  a  certain  relation  to  watery  solutions. 
as  well  as  to  fats,  it  permits  diffusion  to  take  place  between  these  two  fluids,  as  the 
membrane  is  moistened  by  both  fluid}!. 

It  b  clear,  tlierefore,  thai  the  bile  is  of  great  importance  in  the  abaorptioa  of  fats,  lliis  t;^  !tirikin|(1y 
Ulnstrated  by  experiments  on  animals,  in  which  the  bile  i*  entirely  discharged  externally  through  a 
fitfllla.  L)ogs,  under  these  conditions,  absorbed  at  most  40  per  cent,  of  the  fat  tnkrii  with  the  food 
[ho  per  crni-  toeing  vi\cn  off  by  the  fli-ccK,  while  a  normal  dog  abaorba  99  per  cent,  of  the  fal].  The 
chyle  of  such  animals  is  very  poor  in  fat,  is  not  white  but  transparent;  the  txca,  however,  contain 
much  fal,  aixl  an:  oily;  the  animals  have  a  ravenous  appetite;  the  tissues  of  the  body  contain  little 
fat,  even  when  the  nutrition  of  the  animali  has  not  been  much  intcrferc<l  with.  Persons  suffering 
from  disturbances  of  the  biliary  secretion,  or  frum  liver  affectiotis,  ou^hi.  ihcreibrc,  to  abstain  from 
fiilty  {i>od.  [The  digestion  of  Bcsh  and  gelatin  is  not  ioterfercd  with  m  dogs  by  the  removal  of  the 
bile  (v.  K«/l.] 

(B)  Fresh  bile  contains  a  dlastatic  ferment,  which  transforms  starch  into 
sugar,  and  also  glycogen  into  sugar. 

(C)  Bile  excites  contractions  of  the  muscular  coats  of  the  intestine,  and 
contributes  thereby  to  absorption. 

(l)  The  bile  acids  act  as  a  stimulus  to  the  muscles  of  the  villi,  which  contract  from  time  to 
time,  so  that  the  contents  of  the  origins  of  the  lacteals  are  emjiticd  toward  the  larf^er  l>Tnphatic«,  and 
the  villi  ore  ihui  in  a  po*itiiin  to  absorb  more.  ['ITie  villi  act  like  nurarruua  Mnall  punii**,  and  uipcl 
their  conic ni*.,  which  are  prevrnied  from  returning  by  the  prf«nce  of  v  nivcs  in  the  laiKer  l>'mpbatics.] 

{3>  The  fDusculsiure  of  the  intestine  it>eirsecnis  to  be  eiciicd,  prTha|>s  through  the  ^cncy  of 
the  pletus  myentcricu>,  In  aniro.it«  with  a  biliary  fistula,  and  in  which  the  l>tle  duct  is  ol»*lruclcd» 
the  iDt&unftl  peristfllsis  is  greatly  dimutLihed,  while  the  salts  of  the  bile  acids  adinini.stered  by  the 
mouth  caiu0  diajrhcra  and  vomiting.  .-Vs  contraction  of  the  intestine  aids  alisorption,  bile  is  alio 
necessary  in  this  way  for  the  absoq)tinn  of  the  tiiswivcd  food  stuff*, 

(D)  The  presence  of  bile  seems  to  be  necessary  to  the  vital  activity  of  the  intes- 
tinal epithelium  in  its  supposed  function  of  being  concerned  in  the  absorption  of 
tilty  particles  (§  190). 

■        (E  J  Bile  moistens  the  wall  of  the  intestines,  and  gives  to  the  faeces  their  normal 
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amount  of  water,  so  that  they  can  be  readily  evacuated.     Animals  with  bilia 
fistula,  or  persons  with  obstruction  of  the  bile  ducts,  nre  very  costive.     The  mucQs] 
aids  the  forward  movement  of  the  injjesta  through  the  intestinal  canal.     [Thus,  iaj 
a  certain  sense,  bile  is  a  naturai purgative. "^ 

(F)  The  bile  diminishes  putrefactive  decomposition  of  the  intestinal  contents,] 
es])ecially'  with  a  fatty  diet,  §  190.     [Thus,  it  ts  an  antiseptic,  although  tbia 
doubted  by  v.  Voit.] 

(G)  When  the  strongly  acid  contents  of  the  stomach  pass  into  the  duodenum, 
the  glycocholic  acid  is  precipitated  by  the  gastric  acid,  and  carries  the  pepsin  with 
it  {Burkart).     Some  of  the  albumin,  which  has  been  simply  tiissffiveii  (but  not 
peptone  or  propeptonej,  is  also  precipitated,  by  the  taurocholic  acid  {Mafyani. 
Emich),     The  bile  salts  are  decomposed  by  the  acid  of  the  gastric  juice.     Whcnj 
the  mixture  is  rendered  alkaline  by  the  pancreatic  juice  and  the  alkali  derived^ 
from  the  decomposition  of  the  bile  salts,  the  pancreatic  juice  acts  energetically  in 
this  alkaline  medium  {Afohschoft). 

[Taurocliolic  ac'vX  and  its  noda  salts  precipitate  alhumin.  bat  not  pqitonc;  gljrcocboUc  acid  docs 
not  precipitate  nlbumin.  so  tltnt  in  the  intestine  the  peptone  is  sqiaratcd  from  the  lUbumin  lai  '  ' 
!iyntonin),  ami  may  ihcrrrorc  be  morr  rcfttlity  Hb^orl>r(),  while  the  precipitair  adhering  (o  the  intolm 
wall  can  he  further  dige>fted  {^Mafy  <;»</  lifnuh).     Taurocholic  ncid  bdiavcs  in  the  sAme  way  towu^l 
(jclniin  peptone.] 

Bilious  Vomit. — W^cn  hilr  po-vsrs  inln  the  .•.tninach,  as  in  TomiliUg,  the  acid  of  the  ^-Oric  juice 
unites  with  the  hoses  of  the  bile  snlis;  sodium  chloride  and  free  bile  acidit  ore  formed,  and  tbc  Kid 
reaction  in  thereby  Minicwhat  dimini^hetl.  Tlie  bile  acid»  cannot  carry  on  ga.<ttric  digelion:  the 
neutmliialioii  aUo  causes  a  precipitation  of  the  pepsin  and  mucin.  As  soon,  however,  as  Che  walls  vf  the 
stomach  st^crcte  more  acid,  the  pepsin  is  roUssolved.  The  bile  which  passes  into  the  stomach 
deranges  gastric  digestiot),  by  shriveling  the  protcids,  whkh  con  only  be  peptonized  when  they  tat 
swollen  up  (p.  295)- 

i8a.  FATE  OF  THE  BILE.— Some  of  the  biliary  constituents  arc  com- 
pletely evacuated  with  the  fxces,  while  others  are  reabsorbed  by  the  intestinal 
walls. 

(1 )  Mucin  passes  tmchanged  into  the  faces. 

(2)  The  bile  pigments  are  reduced,  and  are  partly  excreted  with  the  faeces 
as  hydrobilirubin,  and  partly  as  the  identical  end-product  urobilin  by  the , 
urine  (§  177,  3^).  I 

From  meconium  hydrobilirubin  is  absent,  while  cn>talline  hihnihin  and  biliverdin,  and  an 
unknown  red  oxidation  product  of  them,  arc  present  fhilc  acids,  even  taunxrliohc,  and  small  trvct 
of  fatty  acids]  {Zu>fiffl\,  so  that  it  gives  Gmelin's  reaction.  Hence,  no  reduction — but  rather  oi;i<la- 
tion — processes  occur  in  the  fa'tal  intestine.  [Composition. — Dory  gives  72.7  per  cent.  »«cr, 
23.6  muciis  and  c|)ithelium,  I  per  cent,  fat  and  cholt^lrrin,  and  3  per  cent,  bile  pigment*  Zwcifd 
gives  79.78  per  cent  water,  and  solids  30.22  i^er  cent.  It  docs  not  cimtain  lecithin,  hut  so  much 
l)ilirubtn  that  Hoppc-.Scylcr  ascs  it  a^  a  i;ood  >ource  whence  to  obtaiu  ihik  pigment.  It  eivcs  & 
Bpcclntm  of  a  body  related  to  urobilin.] 

(3)  Cholesterin  is  given  off  with  the  faces. 

(4)  The  bile  salts  are  for  the  most  part  reabsorbed  by  the  walls  of  the  jejunum 
and  ileum,  to  be  re-employed  in  the  animal's  economy.  Tappeiner  found  them 
in  the  chyle  of  the  thoracic  duct — minute  quantities  pass  normally  from  the  blood 
into  the  urine.  Only  a  very  small  amount  of  glycocholic  acid  appears  unchanged 
in  the  faeces.  The  taurocholic  acid,  as  far  as  it  is  not  absorbed,  is  easily  decom- 
posed in  the  intestine,  by  the  putrefactive  processes,  into  cholalic  acid  and  taurin  ; 
the  former  of  these  is  found  in  the  faeces,  but  the  taurin  at  least  seems  not  to  be 
constantly  present.  Part  of  the  cholalic  acid  is  absorbed,  and  may  unite  in  the 
liver  either  with  glycin  or  taurin  {Weiss). 

(5)  The  faeces  contain  mere  traces  of  lecithin. 

Impaired  Nutrition. — Tlic  greatest  part  of  the  most  important  biliary  constituents,  the  bile  ocidi. 
re  enter  the  blood,  and  thus  t<i  explained  why  animals  with  a  biliary  tistuta,  where  all  the  hile  is  rr> 
moved  (without  the  animal  being  allowed  to  lick  the  bile^,  rapidly  lose  weight.  This  depends  portly 
upon  the  digestion  of  the  fats  lieing  interfered  with,  and  also  upon  the  direct  toss  of  the  bile  salts. 
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MKh  dogs  >re  to  nuuntain  their  weight,  they  must  eat  twice  as  much  Tood.  In  »uch  caMs,  ciu-bo- 
hydraten  most  beneliclolly  replace  the  faU.  If  ihc  iligi^iltvc  appnnilu.s  ih  oilicrwi^e  inl&ct,  lh(-  oiiimftbi, 
oo  account  of  their  voracity,  may  eveii  increase  in  wciKht,  but  the  flesh  and  n<4  the  fat  U  iiicreasrO. 

Bile  partly  an  Excretion. — The  fact  that  bile  is  secreted  during  the  fcetal 
period,  wliile  none  of  the  other  digestive  fluids  is,  proves  that  tt  is  an  txcreiion. 

The  cholalic  acid  which  is  rratMoriied  hy  thr  intmtinaJ  wnlU  im-i-M^  into  the  liody  ami  iieentK  ulti- 
nalely  lo  be  t>urtK<l  to  fonn  CO,  and  1I,0.  Ilie  glycin  {with  bippuric  actdi  forms  urea,  a»  the 
urea  U  incicaMd  nfler  the  injection  of  glycin.  The  fate  of  laurin  i't  unknown.  When  large  quanti- 
tte»  are  introduced  into  the  human  Htomacb,  it  reappears  in  the  urine  as  tauro-cortximic  nciil,  alon^ 
with  a  snuUI  (quantity  of  unchanijed  taurin.     When 

injectrd  sulKUtaneotisly  into  a  rnltbit.  nearly  nil  of  |.'|(:_  |ag_ 

it  rcappcan^  in  the  urine. 

[PT«ctic«I. —  In  practice  it  '\»  important  to  re-  v      v       v      v        v    v 

mcisber  that  bile  once  in  the  intestine  i»  tia>>le  to 
be  obacrbed  unle»  It  be  carried  down  the  intc»tuie: 
hence,  il  is  one  thing  to  i^vc  a  dnip  which  will 
cjtcile  the  necrelion  of  bilr,  i.  /-.,  a  hepatic  ■ditnu- 
lant,  and  another  to  have  the  bile  so  sccretol 
expelled.  It  is  wiae.  therefisre.  10  give  a  drug 
which  will  do  both,  or  at  lea^t  to  combine  a  hepatic 
slimulanl  wiUi  one  which  will  stimulate  the  mu:icu- 
lature  of  the   intestine  a»  well.     Atiivt  exfrcittt 

I  whereby  the  dtaphragrn  is  vigriruusly  called  into 
action  to  compn«is  the  liv«-,  will  aid  in  the  expul- 
siuQ  of  the  bile  from  the  liver  1  Bntnlcn).'\ 
183.  THE  INTESTINAL  JUICE.- 
liCll||th  of  Intestine. — The  human  intestine  i» 
Im  Umes  longer  than  the  length  of  the  body,  as 
■film  il  from  the  vertex  to  the  anua.  It  is  lottgcr 
COQparmlivcly  than  that  of  the  omnivorn.  Its  mini- 
mum  length  w,  507,  ib  maximum  1194  centimetres 
[17  to  J5  feet]  ;  itA  capacity  i»  relatively  grenlrr  in 
chnilren  ( Sentt^). 

The  8UCCUS  entericus  is  the  digestive 
fluid  secreted  by  the  numerotis  glands  of 
the  intestinal  mucous  membrane.  The 
largest  amount  is  produced  by  Lieber- 
kQhn's  glands,  while  in  the  dtiodenum 
there  is  added  the  scanty  secretion  of  Brunner's  glands. 

Brunncr't  gUnda  ore  Mnall.  luiuichcd,  tubular  glaiHls,  lying  in  the  mb-mucoaa  of  the  duodenum. 
Thdr  tine  ducts  ntn  inward,  pierce  the  mucoiu  membrane,  and  open  at  the  bwes  of  the  villi  (Kif;. 
198).  The  acini  ore  Uned  by  cylindrical  cdls,  like  those  lining  the  pyloric  glamU.  In  fact,  BrunncrV 
fiwids  arc  structurally  and  anatomically  ideniicnl  i^nth  the  p>'loric  glands  of  the  stoaiach.  During; 
wiager.  the  cells  arc  luibid  and  »iiiaH,  while  during;  digestion  they  are  targe  and  Clear.  The  ]{land> 
receive  nerve  Hbro  from  Mrissnrr's  plexus  {Dmsi'it. 

I.  The  Secretion  of  Brunner's  Glands. —  The  granular  contents  of  the 
secretory  cells  of  these  glands,  which  occur  singly  in  man,  but  form  a  continuous 
layer  in  the  duodenum  of  the  sheep,  besides /r(?/«Vr,  consist  of  mucin  and  ^ferment 
substance  of  unknown  constitution.  The  watery  extract  of  the  glands  causes  (i) 
Solution  of  proteids  at  the  temperature  of  the  body  {Kroiaw).  (2)  It  also  has  a 
diasiatic  action.  It  converts  maltose  into  glucose  {Brown  am/  Ifenfft),  It  does 
not  appear  to  act  upon  fats. 

On  account  of  the  »mollncw  of  the  objects,  such  evperiments  are  only  made  with  prat  dtfhculty, 
and,  therefore,  tlicre  i%  a  conuderahle  uncertainty  with  regard  to  the  action  of  the  secretion, 

Lieberkuhn'i  glanda  arc  Mmply  tulnilar  gtanilii  resembling  the  finger  of  a  glove  [or  a  tenttube], 
which  lie  closely  (ucked,  venically  near  each  other,  in  the  mucous  memliranc  (Fig.  199);  they  are 
moat  Dumerotts  in  the  large  inteJine.  owing  tu  tlic  oltsence  of  villi  in  this  region.  They  consist  of  a 
ar«ctiirelc9B  membrana  propria  lined  by  a  idngle  layer  of  low  c^-Undrical  qittfaelitmi,  between  which 
Dimcnnu  gotilet  cells  occur,  the  gohld  cells  being  fewer  in  ihe  Mnall  intrdiue  and  much  more  numer- 
Oaa  in  the  large  (Fig.  I99).     The  ^landii  of  the  small   intestine  yield  .1  thin  M>crc1ion,  while  tho«e  of 

ai 


Sub. 

mucoua 
coat. 


MiMCttbr 
cent. 


>>etotaQt»i. 


Vertical  tMlionofduodcntiin<CAO,  X  to.  ^.caltheliuniL 
e  And  /,  circiiUr  aad  bngiludloiu  muicuUr  libra; 
jCx*  Licbcrkilhn'i  (Unil*;  S^,  BruiuMr'i  ilaadi. 
t-  fanflion  c«11a  :  •>,  villi. 


I 


322 


ueberkOhn  s  gi^nds. 


the  large  intestine  yield  a  large  amount  of  sticky  mucus  froni  their  golilet  cells  {Alose  and  Heiden- 
hain).  [In  a  vertical  section  of  the  Hinall  intestine  ihey  lie  at  ilie  liose  of  the  villi  (Fig.  198).  lo 
traiisvei>e  section  they  ore  shown  in  Fig.  200.  ] 

II.  The  Secretion  of  Liebcrkiihn's  Glands,  from  the  duodenum  onward, 
is  the  chief  source  of  the  intestinal  juice. 

Inteatinal  Fistula. —  llic  inlndinoi  jnice  i»  oUained  by  making  n  Tbiry'a  Fistula  (1864).  A 
loop  of  the  intestine  uf  a  dug  is  pulled  forward  (I'ig.  201,  1),  and  a  piece  alKtut  4  inches  in  length  it 
cut  out,  m  that  the  continuity  of  the  intestinal  tube  is  broken,  but  the  mesentery  and  its  blood  Tosels 
are  not  divided,  (hie  end  uf  this  tube  is  closed,  and  the  other  end  i&  lell  u|X3i  and  Mitched  to  the 
abdominal  wall  (Fig.  201,  j,i.  The  two  ends  of  the  intntine  from  wliich  this  piece  was  taken  are 
liroi^ht  together  with  sutures,  so  as  to  e3tal)lish  the  continuity  of  the  intestinal  canal  {Fig.  aoi,  a). 
The  excised  f^ece  of  inie&iinu  yields  a  secretion  which  is  unoontaminated  with  any  other  digestive , 
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LlebcriOtait's  ^xaA  (rom  the  Urge  intcatliK  (dog). 


Scherne  of  Thlry't  Fi»iul«.   t,  z,  1,  4,  VcIIa'*  Tulub.   AA' 
lUtched  together ;  AM,  Audoralnal  whU  (StiHtMf). 


McreCion.  [Thiry's  method  is  very  unsatisfactory,  a&  judged  from  the  action  of  the  separated  loop  in 
rclauon  to  mctlicamvnt?,  i>robaUy  owing  to  it-t  mucous  memlinuie  becoming  atniphied  from  disuse,  or 
injurt.-il  by  iiitlaniiiiulKin.] 

[Meade  Smith  makes  a  small  ojicning  in  the  inlcKtinc.  through  which  he  introduces  two  small 
collapficiJ  india-rubber  hnlls,  one  above  and  the  other  below  the  opening,  which  are  then  distended  \n 
inHation  until  lliey  cuiiiple  cly  block  a  certain  length  of  the  in(»tuic.  'llie  loo)>  thus  blocked  off< 
having  been  previously  well  wtished  out,  is  allowed  to  l>ecome  tilled  with  succus,  which  is  secreted  on 
the  application  cf  various  stimuli.  Hy  means  of  Hernant's  gastric  cannula  {\  ibj)  in!icrted  into  the 
fistula  in  the  loop,  the  secretion  can  Iw  removed  when  desired.] 

[Vetla's  Fistula. — Open  the  belly  of  u  Jog,  and  pull  out  a  loop  (jo  lo  50  ctm  )  [i  to  ]}  fed] 
of  smidi  intc^inc,  and  ligature  it ;  divide  it  atiove  an<l  below,  re-establtsli  the  continuity  of  I  he  rest  of 
the  intestine.  Stiich  kot/t  ends  of  the  loop  of  intestine  into  the  wound  in  ihe  lioea  alba  (  Fig.  201,  4), 
so  that  there  is  a  loop  of  intetUne  su[iplied  by  its  blood  vessels  and  nerves,  isolated  and  nith  on  nppcr 
and  tower  aperture.] 
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The  intestinal  juice  of  such  fistulae  flows  spontaneously  in  very  small  amount, 
and  is  increased  during  digestion  ;  it  is  increased — especially  its  mucus — by 
mechanical,  chemical,  and  electrical  stimuli ;  at  (he  same  timc»  the  mucous  mem- 
brane becomes  red,  so  that  loo  centimetres  yield  13  to  18  grammes  of  this  juice 
in  an  hour  { Thiry).  The  juice  is  light  yellow,  opalescent,  thin,  strongly  alkaline, 
fpccific  gravity  ion,  evolves  CO,  when  an  acid  is  added;  it  contains  albumin, 
ferments,  and  mucin — especially  the  juice  of  the  large  intestine.  Us  composition 
is — water.  97.59;  proteids,  0.80;  other  organic  substances  ^0.73;  salts,  0.88 
per  cent. ;  among  these,  sodium  carbonate,  0.32  to  0,34  per  cent. 

[The  intclinal  juice  obiained  by  Mcode  Smith's  method  conUincd  only  o.jg  jitr  cent,  of  organic 
mAiicT,  wid  in  thi«  rcwect  afpneed  closely  wiih  ihc  juice  which  A,  Morcou  procured  by  dividing  the 
mesenicric  nerves  of  a  ligatored  loop  of  inteuiQe.  The  secretion  of  the  large  inic^ttnc  k  much  mure 
vtKul  than  ihot  of  the  Miiall  intestine.} 

Actions  of  Succus  Entcricus. — It  is  most  active  in  the  dog,  and  in  other 
animals  it  is  more  or  less  inactive. 

(c)  It  is  less  diastatic  than  the  saliva  and  the  pancreatic  juice,  but  it  does  not 
form  maltose ;  while  the  juice  of  the  large  intestine  does  not  possess  this  property 
{EUhhorst). 

(«)  It  converts  maltose  into  grape  sugar.  It  seems,  therefore*  to  continue  the 
diastatic  action  of  saliva  (§  148)  and  pancreatic  juice  (§  170),  which  usually  form 
only  maltose. 

Acconling  to  Bourquelot  this  action  is  doe  to  the  intestinal  schLcomycetea  and  not  to  the  inttsiinat 
juice  as  such,  the  saliva,  iiaatric  juice  or  invcrtin.  The  greater  pan  of  the  maltoee  appears,  however, 
to  be  abwrhcd  unchanged. 

(3)  Fibrin  is  slowly  (by  the  trypsin  and  pepsin — Kuhne)  peptonized  {Thiry^ 
Ztu^e);  less  easily  albumin  (Afaj/oJ"),  fresh  casein,  flesh  raw  or  cooked,  vegetable 
albumin;  probably  gelatin  also  is  changed  by  a  special  ferment  into  a  solution 
which  does  not  gelatinize  {^Eichhant). 

(4)  Fats  are  only  partly  emulsionized  (5^Aj'y),and  afterward  decomposed  {Veila). 

(5)  According  to  CI.  Bernard,  invertin  occurs  in  intestinal  juice  (this  ferment 
can  also  be  extracted  from  yeast).  It  causes  cane  sugar  (C„H„Oi,)  to  take  up 
water  (-f-  H,0),  and  converts  it  into  invert-sugar,  which  is  a  mixture  of  left- 
rotating  sugar  (lacvulosc,  QHhO^  and  of  grape  sugar  (dextrose,  C.H^O,).  Heat 
seems  to  be  absorbed  during  the  process. 

[HoppeSe>'ler  has  suggested  that  thi«  ferment  is  not  a  natural  product  of  the  tiody,  but  is  inlro 
duced  (rum  without  with  the  food.  Matthew  liny,  however,  finds  it  to  be  invariably  present  in  the 
small  inlestinc  of  the  fn-tus  ] 

[Effect  of  Drugs. — The  subculaucous  injection  of  pilocarpin  causes  the  mucous  membrane  nf  a 
V'ella's  fblula  In  be  congested,  when  a  slrongty  atkahDc,  opalescent,  water)',  and  »1i^lit1y  altaiininuus 
secretion  is  obtained.  'Vhi»  secretion  produces  a  reducing  sugar,  converts  cane  sugar  into  invcrt-sugar, 
cmubiAca  neutral  fats,  ultimately  «pli  ting  them  up,  peptonizes  proieids,  and  ooegulaies  milk,  even 
■hhough  ihc  milk  be  alkaline.  The  juice  attacks  tlie  sarcous  substance  of  musde  before  the  connective 
tiaMC* — the  rcvtrsc  of  ihe  gastric  juice.  The  mucous  membrnrc  in  a  Vella's  fistula  does  not  Qiro[>by. 
K.  B.  Lehmann  finds  that  the  succus  enteiicus  obtained  from  the  intestine  of  a  giNit  by  a  Vella  liMula  has 
DO  digestive  action.] 

The  Action  of  Nerves  on  the  sccretioD  of  the  Jntesflnal  jttice 
i«  not  well  dctcnitiiied.  Section  or  stimulation  of  the  vagi  has  no 
■(■{Mvmt  effect;  while  estirpntion  of  the  large  sympolheiic  abdom- 
inal ganglia  causes  the  intestinal  conol  to  be  tilled  with  a  watery  Huid, 
sad  gives  rise  to  diarrbnra.  ThL%  may  he  explained  by  the  paral)-«i<^  of 
the  momolor  nerves^  and  aUo  by  the  Mrctiun  of  large  lymphatic  ves 
scls  during  the  operation,  whcrthy  absoT|Akm  is  interfered  with  and 
iranftidation  is  favorrd.  Moreau's  Experiment.— Moreau  placed 
|i»ir  ligatures  on  a  loop  of  int&tine  at  cjuol  distances  firom  each  otbcr 
itig.  202).  The  ligaturu  were  tied  «>  that  three  loop*  of  inlotine 
were  shut  off.  The  nerves  |  N)  10  the  middle  loop  were  divided,  and 
fitc  intcsline  was  rqjlaced  in  the  abdominal  cavity.  After  a  time.  Scham*  of  "®«»^  «peri»»e«i 
a  voy  small  amount  of  secretion,  or  none  at  all,  was  found  in  two  of  "  *'*^' 

ibc  UgBtored  compomucnls  of  the  gut,  1./.,  in  those  with  the  nerves  and  blood  vessels  inlaci  (I,  3], 


I 


k 


324 


FERMENTATION    TN   THE   INTESTINE. 


bnt  the  compartment  (2)  whose  nerves  had  beim  divided  conUioed  a  watery  sccrebon.  Perfaapi  Ibt 
■iccretion  which  occtira  after  section  of  (he  mc^eritenc  nerves  is  a  paralytic  accrctiou.  The  tccnuon 
of  ihc  intcMJiial  and  gastric  juices  is  diminished  in  nioii  in  ccnain  nervous  oiTectionii  (hysteria,  bjfpiv 
choiidrift-M*,  Qinl  various  cweltral  disai»rcs) ;  while  in  other  coiiditiunH  the**  secretions  are  increased. 

Excretion  of  Druga. — If  nn  isolated  int(.-^tumUistu!a  be  made,  and  vnriousdnig«adnuni«l(nd,ilir 
mucou:>  iitciiibrunc  excretes  iodine,  brouiiiic,  lilhiutn,  sulpboCyauidcs,  Liut  not  potassium  ferrocyiBldc, 
ar6eniau!i  or  borncic  acid,  or  iron  sahs. 

In  sucklinga,  not  unfrequently  a  large  amount  of  add  is  fisrmcd,  when  the  Uro^  m  the  'wtbdkwm 
split  up  milk  sugar  or  grape  sugar  into  lactic  acid  (//w^^].  Starch  ctuingcd  into  grape  sugar  tnti 
uadergo  the  same  abnomml  process;  hence,  iofimi^  aught  not  to  be  fed  with  •narchy  food. 

[Fate  of  the  Fermenta. — Ijinglcy  is  of  opinion  that  the  digestive  fenncnt*  arc  dettroycd  io  tkt 
inteslinal  cnnnl ;  the  diastadc:  foitiuit  of  saliva  is  dirttroyal  by  the  free  HCl  of  the  gastric  fUBt\ 
ye\yiai\  and  rennet  are  acted  u)K>n  by  llic  alkaline  salts  of  the  pancreatic  and  iutestioal  juices,  aod  hj 
trypsin ;  while  the  dituiatic  and  peptic  ferments  of  the  pancreas  disapi>ear  under  ihe  inHoam  of  It* 
acid  fertneiiUitiou  in  the  laige  iuiesiint;.] 

184.  FERMENTATION  IN  THE  INTESTINE.— Those  procoics 
whicli  arc  10  be  regarded  as  fermentations  or  putrefactive  processes,  are  quite  dif- 
ferent from  those  caused  by  the  digestive  enzymes  or  ferments  just  considered. 
The  putrefactive  changes  are  connected  with  the  presence  of  lower  organinro, 
so-called  fermentation  or  putrefaction  producers;  and  they  may  develops 
suitable  media  outside  the  body.  The  lowly  organisms  which  cause  the  intestinal 
fermentation  are  swallowed  with  the  food  and  drink,  and  also  with  the  salin- 
When  they  are  introduced,  fermentation  and  putrefaction  begin,  and  gasts  art 

Intestinal  Gases. — During  the  whole  of  the  foetal  period,  until  birth. 
fermentation  cannot  occur  ;  hence  gases  are  never  present  in  the  intestine  of  ibc 
newly-born.  The  first  air  bubbles  pass  into  the  intestine  with  the  saliva  which  is 
swallowed,  even  before  food  has  been  taken.  The  germs  of  organisms  aie  thus 
introduced  into  the  intestine,  and  give  rise  to  the  formation  of  gases.  The  evolu- 
tion of  intestinal  gases  goes  hand-in-hand  with  the  fermentations.  .\irisal» 
swallowed,  and  an  exchange  of  gases  takes  place  in  the  intestine,  so  that  the 
composition  of  the  intestinal  gases  depends  upon  various  conditions.  Kolbe  and 
Ruge  collected  the  gases  from  the  anus  of  a  man,  and  found  in  100  vols. : — 
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1.  Air  bubbles  are  swallowed  with  the  food.     The  O  is  rapidly  absorbed  in  the 

intestinal  tract,  so  that  in  the  lower  part  of  the  large  intestine,  even  traces 
of  O  are  absent.  In  exchange,  the  blood  vessels  in  the  intestinal  wall  give  off  CO, 
into  the  intestine,  so  that  part  of  the  CO,  in  the  intestine  is  driven  by  diffusion 
from  the  blood. 

2.  H,  CO,,  NH„  and  CH4  are  also  formed  from  the  intestinal  contents  by 
fermentation,  which  takes  place  even  in  the  small  intestine. 

Punfi. — The  chief  agent'*  in  the  production  of  feimenlaiion*.  putrefaction  and  other  similar  drcoro- 
positions  are  unduubiedly  the  ^ruup  of  bm^\  called  schixomycetes.  They  are  small  uaicdfaUr 
organisms  of  vnriou-H  forms — glotiulor,  micrococcus  ;  short  rods,  bacterium  ;  long  rads.  tMcUlOft ; 
or  spiral  threads,  vibrio,  spirillum,  spirochoeta  (Kig.  23).  The  niotk  of  rcproducikm  tsfaf  dhnsinn, 
and  they  may  either  rt-niain  single  or  unite  to  form  colonics.  Each  organism  is  usually  capobleof  some 
degree  of  motion.  They  jMYxluce  profoimd  chemical  changes  in  the  fluids  or  media  in  which  ihiy 
grow  and  multiply,  and  these  changes  dL-jjend  u[>on  the  vital  activity  of  their  prot€>plasiiL  Tbeie 
minute  microscopic  oi^nisms  take  certain  constituents  from  the  "  nutrient  fluids"  in  which  they  live, 
and  use  them  |>artly  for  building  up  tlieir  own  tis&uni  and  partly  for  tbeir  own  metaboliuat  In  thee 
proccsM-i,  sonic  of  the  suMancf^  so  olourl^ixl  and  »>imilntcd  uiulergo  chemical  changes,  some />r«ir«// 
seem  thereby  to  be  produced,  which  in  their  turn  amy  oci  upon  mnterial  present  in  the  nutritive  fluid 

These  fungi  coiLsi>rf  of  a  capsule  enclcitig  jirotopliumic  contents.    Many  of  Uiem  ore  provided  with 
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atoeatively  delicate  cilui,  by  tneiuu  of  which  they  move  alxMit.  The  new  organisim.  produced  by  the 
diriiioa  of  pre-existing  ones,  mmetimeH  fonn  large  colonies  vinhlt^  to  th<-  nskod  eye,  the  irulivtdusl 
fuDfri  betng  untin)  by  a  jelly-like  mass,  the  whole  con^liluting  zoogloea.  In  some  fungi,  reproduction 
taka  place  by  sporat :  more  especially  when  the  nutrient  nui(L«  are  \rcoT  in  nutritive  materials,  llic 
bactena  form  longer  rods,  or  threads,  which  are  jotntc<i,  .ind  in  eftcli  joint  or  segment  small  (1-3  /i), 
highly  re&active  globulu  or  sfora  are  dcvclu)}ed  (H|;.  203,  7).  In  Mjnie  ca»es,  zs  in  the  hutjiic  acid 
fennoiCalion,  the  mdit  tiecome  fusifbmi  before  iipores  are  formed.  Wlien  ihc  envcloiie  of  ih<?  imithcr 
cell  is  ruptured  or  destroyed,  the  sporc»  are  liberated,  and  if  they  fall  upon  or  into  a  suitable  intdiuin. 
they  germinate  aiul  rejimducr  urgantsma  similar  to  those  from  which  the)'  sprung.  The  prix^o^  (if  spore 
production  is  illustrated  in  Ktg.  203,  7,  8,  9,  and  in  I,  2,  3.  4  i^  »hown  the  process  of  germination 
in  the  butyric  acid  fungus.  The  »]wrcs  ore  verj'  tenacious  of  life ;  (hey  may  Iw  dried,  when  lliey  resist 
death  for  a  very  long  time;  some  of  them  ore  killed  by  being  boiled.  Scvne  fimgi  exhibit  their  vital 
flctivkics  ooly  in  the  prc»encc  of  O  (serobea),  while  others  reuuirc  the  exclusion  of  O  (anzrobes, 
Patffur).  Acconhng  to  the  products  of  their  action,  they  are  claisified  o-s  folio*?. :  Tlio-^  that  pro- 
Aiact  /ermfHtatians  (zymogenic  schitomycetcs) ;  thoM  that  produce  f>i^mei%ts  (chromogenic) ; 
those  that  produce  disagreeable  edurs,  ax  during  putrefaction  {bromogenic) ;  and  those  that,  when 
tntroduccd  into  the  living  tissuex  of  other  argani>ni5,  |iroducc  pathoiogitai  eottifitions,  and  e^'cn  death 
(pathogenic).     All  these  difTercm  kinds  occur  in  the  human  body. 

When    vfK  cnnnidcr  that    numerous  fungi  arc  introduce*!  into  the  intestinal  canal  with  the  food  and 
dmtk — that  the  temperature   and  other  conditions  within  this  tube  are  iqiectolly  favorable  for  their 
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devekipmcnt ;  that  there  alMi  they  meet  with  sufficient  pabulum  for  their  devcIo|>metit  and  reproduction— 
we  cannot  wonder  that  a  rich  crop  of  these  organisms  is  met  with  in  the  intestinCf  and  that  they  pro- 
duce there  numerous  fcnncntation.'s. 

I.  Fermentation  of  Carbohydrates. — (i)BaciUua  acidi  lactici  consists  of 
biscuit-shaped  cells,  1.5-3  ^  '"  length,  arranged  in  groups  or  isolated.  They  split 
up  grape  sugar  into  lactic  acid  ; 

I  grape  sugar  ^  QHuO,  =  2(C|H40a)  =  2  lactic  acid. 

Milk  sugar  (CHHnOn)  can  be  split  up  by  the  same  ferment  causing  it  to  take  up 
H,0,  and  forming  2  molecules  of  grape  sugar,  j(C«HisO,),  which  are  again  split 
into  4  molecules  of  lactic  acid  4(C,HaOi). 

This  fungus  and  its  ^xnr^  occur  everywhere  in  the  atmospbcre,  and  arc  the  cause  of  the  ^xmtaneons 
acidihcalKiii  and  lulnojumt  coagulation  of  milk  (j  230). 

(3)  Bacillus  butyricus,  which  in  the  presence  of  starch  is  often  colored  blue 
by  iodine,  changes  lactic  acid  into  butyric  acid,  together  with  CO,  and  H  {PrM- 
mawiki), 

(  C,H,0|  ^  1  butyric  acid. 
j(C|H40,)  lactic  acid  =  \  x(CO,)  =  a  carbon  dioxide. 
(^        4H  ^  4  hydrogen. 
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This  fiingus  (Tif[.  203,  B)  b  n  true  anicrobe,  and  grows  only  in  the  absence  of  0.  The  lactic  and 
fungus  ascs  U  vcr^'  largely,  and  U,  therefore,  its  natoral  precursor.  The  but^'Hc  acid  Icrmeatation  is 
the  loKt  chrtnge  undct^onc  )>}'  many  carbohydrates,  especially  by  starch  and  inulin.  It  lakes  pl&ce 
cocutoutly  in  the  faeces. 

C3)  Certain  micrococci  cause  a/cff/w/to  be  formed  from  carbohydrates.  The 
presence  of  yeast  may  cause  the  formation  of  akohol  in  the  intestine,  and  Id 
both  cases  also  from  milk  sugar,  which  first  becomes  changed  into  dextrose. 

(4)  Bacterium  aceli  (Fig.  303.  A)  converts  alcohol  into  acetic  ncid  outside  the  body.  Alcohol 
(CjH^O)  +  O  =  C,H,0  I Aldehyd)  +  ILO.  Acetic  ucid  (C,U^O,)  is  formed  from  oldehyd  by 
oxtdalion.  Accordii^  to  Ntgeli,  the  same  fungus  causes  tlic  funnatiun  of  a  snuU  amount  of  Cl  >,  aikd 
H.^U.  As  the  acetic  fomentation  U  arrested  at  JS*"  C,  this  fermentation  cannot  occur  in  the  intestine, 
and  (he  ncelic  acid,  which  Is  con^itantly  found  In  the  fxces,  most  l>c  derived  from  another  soanst. 
During  putrefaction  of  the  proteids,  with  excluMou  of  air,  acetic  acid  is  produced  {Xmfii). 

(5)  Starch  and  cellulose  are  partly  dissolvid  by  the  schtroraycctes  (Bac. 
butyricus  and  Vibrio  rugula)  of  the  intestine.  If  cellulose  be  mixed  with  cloaca! 
mucus,  or  with  the  contents  of  the  intestine,  it  passes  into  a  saccharine  carbo- 
hydrate which  decomposes  into  equal  volumes  of  CO,  and  CH«  {Hoppe-SeyUr). 

(6)  Fungi,  whose  rature  is  unknown,  can  partly  transform  starch  (^?  and  cellu- 
lose) into  sugar. 

(7)  Others  produce  invertin.     Invertin  changes  cane  sugar  into  invert-sugar 
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Baclllmr  mM/ii.  1,  spor«  :  9,  3. 4,  its  germinatton  ;  St  C.  short  rod« :  7,  jointed  ilireai].  with  the  formalioB  ot  spores 
ineach  segmant ;  8,  short  rM>,sofli»  of  them  conUining  ipona;  9,  spores  Jo  sincU short  rods;  10, (nngus  with • 
clliun. 

(§  183.  ".  5)-      Cane  sugar,  C„HaO„  -f-  H,0  =  C.H.A  (Dextrose)  -f  C.H„0, 
(Laevulose). 

II.  Fermentation  of  Fats  (§  251).  During  putrefaction,  organisms  of  an 
tinknown  nature  cause  neutral  fats  to  take  up  water  and  split  into  glycerine  and 
their  corresponding  fatly  acid  (§  170).  Glycerine  is  capable  of  undergoing 
several  ferraentalions,  according  to  the  fungus  which  acts  upon  it  (§  251).  With 
a  neutral  reaction,  in  addition  to  succinic  acid,  a  number  of  fatty  acids,  H  and 
CO,,  arc  formed. 

Fiu  found  Uuu  the  Aay  bacWus  (Bacillus  subtilU,  Fig.  204)  formed  alcohol  with  caprolc,  Ixiiyric, 
and  acetic  ncids;  in  other  cases,  csiieciolly  bulylic  alcobo],  van  de  Vdde  found  butyric,  lactic,  and 
Xmces  of  succinic  acid  with  CO,,  H,0,  N. 

The  fatty  acids,  especially  as  chalk  soaps,  form  an  excellent  material  for 
fermentation.  Calcium  formiate  mixed  with  cloacal  mucus  ferments  and  yields 
calcium  carbonate,  CO,  and  H  ;  calcium  acetate,  under  the  same  conditions, 
produces  calcium  carbonate,  CO,  and  CH,.  Among  the  oxy-^cids,  vrt  arc 
acquainted  with  the  fermentations  of  lactic,  glycerinic,  malic,  tartaric,  and  citric 
acids. 

.\ccording  to  Fitz, /i7r/iV  afTV(in  comlanatioa  with  chalk)  produces  propiomc  and  acetic  acids, 
CO,,  H,0.     Other  ferments  cause  the  formatioo  of  valerianic  acid.     Glycrrimie  acid,  in  additioa  to 
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fttcohot  «nd  succinic  Kid,  yields  chicHy  Kceiic  ftcid ;  mafic  acid  foniu  succinic  *xA  acetic  acid.     The 
oihrr  aciils  alnvc  rnumrrntrtl  jirld  somewhat  ximilar  products. 

III.  Fermentation  of  Protcids  (§  249). — The  undigested  protcids  and 
their  derivatives  appear  to  be  acted  upon  by  fungi.  Many  schizomycetes  (hay 
bacillus  and  Bac.  subtilis),  however,  can  produce  a  peptonizing  ferment.  We 
have  already  seen  that  pancreatic  digestion  acts  upon  the  proteids,  forming, 
among  other  products,  amido-acids,  leucin,  tyrosin,  and  other  bodies  {%  170, 
II).  Under  normal  conditions,  this  is  the  greatest  decomposition  produced  by 
the  pancreatic  juice.  The  putrefactive  fermentation  of  the  large  intestine  causes 
Ajfther  and  more  profound  decompositions.  Leucin  (C,H„NO|)  takes  up  two 
molecules  of  water  and  yields  valerianic  acid  (CsH,.,0,),  ammonia,  CO,  and 
3(H,) ;  glycin  behaves  in  a  similar  manner.  Tyrosin  (CjHnNOj)  is  decom- 
posed into  indol  (CsH,N),  which  is  constantly  present  in  the  intestine  along 
with  CO„H,0,H.  If  O  be  present,  other  decompositions  take  place.  These 
putrefactive  products  are  absent  from  the  intestinal  canal  of  the  ft^tus  and  the 
newly-born.  During  the  putrefactive  decomposition  of  proteids,  CO,,  HjS,  H, 
and  CH4,  are  formed ;  the  same  result  is  obtained  by  boiling  them  with  alkalies. 
Gelatin,  under  the  same  conditions,  yields  much  leucin  and  ammonia,  CO,, 
acetic,  butyric,  and  valerianic  acids,  and  glycin.  Mucin  and  nuclein  undergo 
no  change.  Artificial  paDcreatic  digestion  experiments  rapidly  tend  to  undergo 
putrefaction. 

The  suhsunce  which  caiu£i  tl»  pecuCar  fecal  odor  Lt  produced  \tj  putrefactioo,  but  iu  nature  is 
not  known  It  clings  w  Armly  to  indol  iind  skntol  that  thcK  substances  were  fonneriy  regarded  as 
the  odorotu  bodies,  but  when  they  are  iwepared  pure  they  arc  odorless  {^Bayer). 

Among  the  solid  substances  in  the  large  intestine  formed  only  by  putnfaction  is 
tndol  (C,HtN),  a  substance  which  is  also  formed  when  proteids  arc  heated  with 
alkalies,  or  by  superheating  them  with  water  to  200''  C.  It  is  the  stage  preceding 
the  indican  in  the  urine.  If  the  products  of  the  digestion  of  the  proteids — the 
peptones — are  rapidly  absorbed,  there  is  only  a  slight  formation  of  indol ;  but 
when  absorption  is  slight,  and  putrefaction  of  the  products  of  pancreatic  diges- 
tion occurs,  much  indol  is  formed,  and  indican  appears  in  the  urine. 

^tSk  foand  much  indican  in  the  urine  in  ^tlrangulatcd  hcmta,  and  when  the  small  intestine  was 
obitrucled. 

Reactions  for  lodol. — Acidulate  btrongly  with  II CI,  and  shake  vigorously  aAcr  adding  a  few 
drops  of  tur^tenlinr.  If  there  be  on  intense  red  color,  the  pigment  i^  removed  liy  ether.  The  *ub- 
atance  which  is  formed  after  the  digestion  of  ^brin  by  trypsin,  and  which  givc«  a  \-iolet  color  with 
bnMnine  water  {\  170,  3),  can  lie  removed  by  chloroform.  In  nddition  to  the  la»t  pigment,  there  ts  a 
secoad  one,  which  posses  over  during  distillation,  and  which  cnn  Iw  cKtracted  Irom  the  distillate  by 
eCbcr.     Both  sul^tances  Mfem  to  belong  lo  the  indigo  group  \  fCrukmberg). 

A.  Bayer  prepared  indigo  l>Iuc  artificially  from  ortho- phenyl- prmnonic  acid,  by  Ixiiling  it  with  dilute 
caustic  mkIo,  oAer  the  addilion  of  a  little  grnpe  sugar.  He  otitaincd  indnl  and  Jiknlnl  from  indigo- 
blue.  HoppeSeyltr  found  that  on  feeding  raUiits  with  OTtho  nttrophenyl-|)Topionic  acid,  much 
indican  wa^  proent  in  tlte  urine. 

Phenol  fC,H,0)  is  formed  during  putrefaction  in  the  intestine,  and  it  is  also 
formed  when  fibrin  and  pancreatic  juice  putrefy  outside  the  body,  while  Brieger 
found  it  constantly  in  the  fxces.  It  seems  to  be  increased  by  the  same  circum- 
stances that  increase  indol,  as  an  excess  of  indican  in  the  urine  is  accompanied  by 
an  increase  of  phenylsulphonic  acid  in  that  fluid  (§  262). 

Kroin  iMitrrfying  Hi~«h  and  Hlirin,  amido- phenyl propionk  aci*)  is  obtained,  ax  a  decotnpOAitmn  pro- 
duct of  lyroin.  .\  port  of  this  u  transformed  by  putrrfnrtivc  ferments  into  In'drocinnointc  acid 
jphenylprapiooic  acid).  Tlic  bttcr  is  completely  oxidizeit  in  the  Imdy  into  benzoic  acid,  and  appears 
•■  hipfiuric  add  tn  the  urine.  Thus  u  eiploined  the  formation  of  hippuric  add  from  n  |)urely  alliu- 
minous  diet. 

Skatol  (C,H»N  ^  methyl-indol)  is  a  constant  human  fecal  substance,  and  has 
been  prepared  artificially  by  Nencki  and  Sccretan  from  egg  albumin,  by  allowing 
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it  to  putrefy  for  a  long  time  under  water.  It  also  appears  in  the  urine  as  a  sulphur 
compound.  The  excretin  of  human  faeces,  described  by  Marcet,  is  related  to 
cholesterin,  but  its  history  and  constitution  are  unknowii. 

According  to  Salkowski,  *katol  and  tndol  tire  both  rormnj  frotn  a  ccimnion  mbMnnce  which  obU 
preromned  in  nlbunun,  and  wluch.  when  it  is  decomposed,  at  one  ame  yields  ntorc  iadol,  antooiiri 
ekstol,  Kcording  a.s  Iht:  h)-]K)thclicnl  "  lUt/aZ/uiiffus,"   or  "  skalot /nngus"  is  the  more  ahundanL 

It  is  of  the  utmost  importance,  in  connection  with  the  processes  of  putrefaction, 
to  determine  whether  they  take  place  when  oxygen  is  excluded,  or  not.  When  0 
is  absent,  reductions  take  place  ;  oxy-acids  are  reduced  to  fatty  acids,  and  H,CH, 
and  H,S  are  formed  ;  while  the  H  may  produce  further  reductions.  If  Obc 
present,  the  nascenl;  H  separates  the  molecule  of  free  ordinary  oxygen  (=0j 
into  two  atoms  of  active  oxygen  (^  O ).  Water  is  formed  on  the  one  hand, 
while  the  second  atom  of  0  is  a  powerful  oxidizing  agent  {ffo/*/>f-SfyUr). 

It  is  remarkable  ibal  ibc  putrefactive  processes,  after  the  development  of  ptKnoI,  tndol,  ikjunl 
cresol,  [>lienyhiroiHtmic  and  phenylncetic  acid.s  are  subsequently  limited,  and  after  a  certain  concnKn- 
tion  is  reached,  they  cease  altogether.  The  putrefactive  process  produces  omiwpcic  subsiaiuci  whicb 
kill  the  micro -or^jani&nb),  «j  wc  may  auuiiie  that  tlieae  substanceii  liniil  to  a  coiain  extent  tbe  putrdac* 
tivc  processes  in  the  intestine. 

The  reaction  of  the  intestine  immediately  below  the  stomach  is  acid,  but  the 
pancreatic  and  inte^^tinal  juices  cause  a  neutral  and  afterward  an  alkaline  reaction, 
which  obtains  along  the  whole  small  intestine.  In  the  large  intestine,  the  reactioD 
is  generally  acid,  on  account  of  the  acid  fermentation  and  the  decomposilioD  of^^ 
the  ingesta  and  the  f;£ces.  ^^ 

185.  PROCESSES   IN    THE    LARGE    INTESTINE.— Within  the 
large    intestine,  the   fermentative  and    putrefactive  processes  are  certainly  more 
prominent  than  the  digestive  processes  proper,  as  only  a  ver)' small  amount  of  tbe 
intestinal  juice  is  found  in  it.     The  absorptive  function  of  the  large  intestine  is 
greater  than  its  secretory  function,  for  at  the  beginning  of  the  colon  its  contents 
are  thin  and  watery,  but  in  the  further  course  of  the  intestine  they  become  more 
solid.     Water  and  the  products  of  digestion  in  the  solution  are  not  the  only  sub- 
stances absorbed,  but  under  certain  circumstances,  unchanged  fluid  egg  albumin, 
milk  and  its  protelds,  flesh  juice,  solution  of  gelatin,  myosin  with  common  salt, 
may  also  be  absorbed.     Experiments  with  acid  albumin,  syntonin,  or  blood  serum 
gave  no  result.     Toxic  substances  are  certainly  absorbed  more  rapidly  than  from 
the  stomach.     [In  the  dog  the  secretion  of  the  large  intestine  has  no  digestive 
properties,  but  fats  are  absorbed  in  it.   Klug  and  Koreck  regard  its  Lieberkuhnian 
glands    not  as   secreting  but  as  absorbing   structures.]     The  fecal   matters  arc 
formed  or  rather  shaped  in  the  lower  part  of  the  gut.     The  CKCum  of  many 
animals,  e.  g.y  rabbit,  tsof  considerable  size,  and  in  it  fermentation  seems  to  occur 
with  considerable  energy,  giving  rise  to  an  acid  reaction.     In  man,   the  chief 
function  of  the  csecuin  is  absorption,  as  is  shown  by  the  great  number  of  lymphat* 
ics  in  its  walls.     From  the  lower  part  of  the  small  intestine  and  the  c«c 
onward,  the  ingesta  assume  the  fecal  odor. 

The  amount  of  faeces   is  about  [5  oz.  or]   170  grms.  (60  to   250  grms.) 
twenty-four  hours;  but  if  much  indigestible  food  be  taken,  it  may  be  as  much  as 
500  grms.     The  amount  is  less,  and  the  absolute  amount  of  solids  is  less;,  aAer  a 
diet  of  flesh  and  albumin,  than  after  a  vegetable  diet.     The  freces  are  rendered 
lighter  by  the  evolution  of  gases,  and  hence  they  float  in  water. 

The  consistence  depends  on  the  amount  of  water  present — usually  about  75 
per  cent.  The  amount  of  water  depends  partly  on  the  food — pure  flesh  diet 
causes  relatively  dry  fxces,  while  substances  rich  in  sugar  yield  f«ces  with  a  rela- 
tively large  amount  of  water.  The  quantity  of  water  taken  has  no  effect  upon 
the  amount  of  water  in  the  f?eces.  But  the  energy  of  the  peristalsis  has.  The 
more  energetic  the  peristalsis  is,  the  more  watery  the  faeces  are,  because  sufficient 
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time  is  not  allowed  for  absorption  of  the  fluid  from  the  ingesta.     Paralysis  of  the 

blood  and  lymph  vessels,  or  section  of  the  nen'es,  leads  to  a  watery  condition  of 

the  faeces  (§183). 
I        The  reaction  is  often  acid,  in  consequence  of  lactic  acid  being  developed  from 
'    the  carbohydrates  of  the  food.      Numerous  other  acids  produced  by  putrefaction 

are  also  present  (§  184).      If  much   ammonia  be  formed  in  the  lower  part   of  the 

intestine,  a  neutral  or  even  alkaline  reaction  may  obtain.     A  copious  secretion  of 

mucus  fa%'orsthe  occurrence  of  a  neutral  reaction. 

The  odor,  which  is  stronger  after  a   flesh  diet  than  after  a  vegetable  diet,  is 

caused  by  some  fecal  products  of  putrefaction,  which  have  not  yet  been  isolated  ; 

also  by  volatile  fatty  acids  and  by  sulphuretted  hydrogen,  when  it  is  present. 
The  color  of  the   faeces  depends  upon  the   amount  of  altered   bile  pigments 

mixed  with  them,  whereby  a  bright  yellow  to  a  dark  brown  color  is  obtained, 

I  "Hie  color  of  the  food  is  aUo  of  imporlaiice.  If  much  blood  be  present  in  the  food,  the  faxes  arc 
limoet  brownish-black,  from  hicmatin ;  green  vegetahles  ^  brownish-green,  from  chlorophylt ;  bones 
(dtg^)  ss  white,  6xjtn  the  lunount  of  lime ;  jireparations  of  iron  ^  block,  from  the  formntton  of  sulphide 
of  trao. 

The  feces  contain — 

(1)  The  unchanged  residue  of  animal  or  vegetable  tissues  used  as  food  ;  hairs, 
horny  and  elastic  tissues ;  most  of  the  cellulose,  woody  fibres,  spiral  vessels  of 
vegetable  cells,  gums. 

{«)  Portions  of  digestible  substances,  especially  when  these  have  been  taken  in 
too  large  amount,  or  when  they  have  not  been  sufficiently  broken  up  by  chewing. 
Portions  of  muscular  fibres,  ham,  tendon,  cartilage,  particles  of  fat,  coagulated 
albumin — vegetable  cells  from  potatoes,  and  other  vegetables,  raw  starch,  etc. 

L       All  food  yields  a  certain  amount  of  reiudue — white  bread,  3.7  per  cent. ;  rice,  4.I  per  cent. ;  flesh, 
I  4.7  pia-  cent. ;  potatoes,  9^  i>rr  cent. ;  cabtMigc,  14.9  per  cent. ;  black  bread,  15  per  cent. ;  yellow 
tqrnip,  20.7  per  cent.  {RuAner). 

(3)  The  decomposition  products  of  the  bile  pigments,  which  do  not  now  give 
Gmelin's  reaction  ;  as  well  as  the  altered  bile  acids  (§  177,  2).  This  reaction, 
however,  may  be  obtained  in  pathological  stools,  especially  in  those  of  a  green 
color;  unaltered  bilirubin,  biliverdin,  glycocholic  and  taurocholic  acids  occur  in 
tnecooium  (§  ids). 

[MacMnnn  found  no  unchanged  bite  ptginents  in  the  ixca.  A  substance  called  stercobilin  is 
obutincd  from  the  fiece<>,  and  it  closely  resembles  what  hus  been  called  "  feWile*'  urulHlin,  but  it  b 
Ootainly  dilTerent  from  normal  urobilin.] 

(4)  Unchanged  mucin  and  nuclein — the  latter  occasionally  after  a  diet  of  bread, 
together  with  partially  disintegrated  cylindrical  epithelium  from  the  intestinal 
canal,  and  occasionally  dro|>s  of  oil.  Cholesterin  is  very  rare.  [Ten  grains  of  a 
substance,  atercorin,  said  to  be  a  modification  of  cholesterin,  occur  in  the  faeces, 
C-^/fVt/),]  The  less  the  mucus  is  mixed  with  the  fseces,  the  lower  the  part  of  the 
intestine  from  which  it  was  derived  (^V(7/Awa^^/). 

(5)  After  a  milk  diet,  and  also  after  a  fatty  diet,  crystalline  needles  of  lime 
combined  with  fatty  acids  and  chalk  soaps  constantly  occur,  even  in  sucklings 
C  iVcgscheider).  Even  unchanged  masses  of  casein  and  fat  occur  during  the  milk 
cure.  Compounds  of  ammonia,  with  the  acids  mentioned  as  the  result  of  putre- 
faction (I  184,  III),  belong  to  the  fecal  matters  {Urigget). 

(6)  Among  inorganic  residues,  soluble  salts  rarely  occur  in  the  faeces  because 
they  diffuse  readily,  e.  g.j  common  salt,  and  the  other  alkaline  chlorides,  the  com- 
pounds o(  phosphoric  acid,  and  some  of  those  of  sulphuric  acid.  The  insolvible 
compounds  of  which  ammoniaco-mugnesic  or  triple  phosphate,  neutral  calcic 
phosphate,  yellow-colored  lime  salts,  calcium  carbonate,  and  magnesium  phos- 
phate arc  the  chief,  form  70  per  cent,  of  the  ash.  Some  of  these  insoluble  sub- 
stances are  derived   from  the  food,  as  lime  from  bones,  and  in  part  they  are 
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excreted  after  the  food  has  been  digested,  as  ashes  are  eh'minated  from  food  which 
has  been  burned. 

Concretions. —  Tlie  excretion  of  inoi^nnic  substimces  U  9omctiaic»  m  Kreal,  thsl  llicy  form  incnEK 
taliona  wound  otht-r  fec&l  mattrrs.  Usually  ammoninco-tnagnesic  pbo^ihitie  occun  in  Urge  aymh 
by  itself,  or  it  may  be  mixed  with  magnesium  pbosptute. 

(7)  Microorganisms. — A  considerable  portion  of  normal  feral  matter  con- 
sists of  micrococci  and  micro-bacteria;  yeast   is  seldom  absent   (^J^r^ruAs,  N^tk- 

To  isolate  the  indixndual  fungi,  Kscherich  has  made  pure  cultivations  from  the  intesUoal  ocaiAcnu 
of  mckling^,  and  Uieasitx^k  from  adults.  In  tlic  intestine  of  sucklings  which  have  Ivcn  nooriahed 
entirely  on  (heir  mothtr's  milk,  the  B(u-lerium  taetis  afruj^enes  (Fig.  205,  2)  causes  the  Uctk  add 
fermcnlation  with  the  evolution  of  COj  and  II,  in  the  upper  port  of  tlie  canal  where  £omc  milk  vugar 
is  still  unaltsorltcd.  In  tbt;  evacuations  \s  the  charBctcriMic  .nlender  Bafterium  toH  tommune  I  Mf. 
205,  1).     In  aildilion,  occasionally  there  are  other  bacilli,  cocci,  spores  of  yeast,  and  a  mould. 


Fig.  205. 
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t,  Baet«rinm  coU  commune ;  a,  bacterium  Ucils  aerOG«n«  ;  3  find  4,  ih«  brsc  bacilli  of  Bi«mtock,  with  pdtrttAl  <i»<l»> 
gcnoiii  tpore  foroifllion;  j.ihevariout  sui;c»  in  the  d«ve1(ipment  of  tne  InictlliM  which  cvinet  tbt  lc«m«auiiiaa 
oralbtimfn. 

In  the  fiieccs  of  an  adult.  Bicn^tock  delected  two  large  fonn-^  of  bacilli  (Fifi.  205,  3,  4),  clo^ 
rescmhtinR  Bacillus  sulrtilis  in  form  and  size,  Iml  distinguished  from  it  only  by  the  form  of  its  purr 
cultivation,  by  the  mode  of  growth  of  its  spores,  and  b)-  the  ol»ence  of  movemenls.  Thenc  two  (anas 
con  be  distinguished  microe^opically  by  the  motle  of  tlieir  cultivation,  which  is  either  in  the  form  of  a 
gmpc  or  a  llni  membrane.  These  two  do  not  excite  a  fermentative  action.  A  third  micrococcus-hke. 
small,  very  slowly  devcloiiing  tiacillus  occurs  in  ihree-fourtki  of  all  .stooU.  \  fourth  kmd  I  abscsit  to 
sucklin^»)  t^  the  s|iccilic  t)aciniLS  (S  184,  HI),  caubitig  the  decompositiuti  of  olbuinin.  restUting  in  the 
producis  of  putrefaction  and  a  fecal  odor.  This  is  the  only  t)acillu5  that  excites  tbec  processes  in  the 
mte34int.-;  but  il  <I<n.-n  nut  decnnijxiM.-  caxrin  and  nlknli  albumin.  In  Fig.  205,  5i'~^t  '^^  '^'^'^  <"  ^'o* 
development  of  this  IwciUus  art  represented,  but  the  stages  from  c  and  g  are  absent  in  the  ficccs,  and 
ore  found  only  in  ojtiticial  cultivations. 

If  the  fxceK  are  simply  investigated  microscopically  and  without  special  precautions,  there  are  other 
fungi,  some  of  which  may  be  introduced  through  the  anus.  In  stooU  that  contain  much  starch,  the 
baciltas  butyricus,  which  is  tinged  blur  with  iodine,  iKCurs  (^  1S4),  and  nthrr  small  gU>lnilar  or  rod- 
like fungi,  which  give  a  simdar  reaction  {lo'othnagel,  Uffeimaun). 

The  chaiiitct  of  the  intestinal  contents  have  liecn  studied  on  jKTscnui  with  on  acctdaital  intotinal 
fistula,  or  on  artificial  anus, 

[Tlie  following  schcnie  from  Krukcnberg  showj.  graphically  the  reaction  of  the  content!  of  like  1 
parts  of  the  alimentary  canal,  and  al>o  the  dinlribution  of  the  ferments.] 
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186.  PATHOLOGICAL  VARIATIONS.— A.  The  taking  of  food  may  be  interfered  with 
by  ifMsm  of  the  mtt^les  of  miultcalion  (usually  accompnnicct  hy  geiural  snasnus  |,  jitridurc  of  the  too- 
phigitt,  by  cicatrices  after  swallowing  cauMic  fluids  (^.^,,  caustic  poto^sn.  mineral  acids),  or  by  the 
proencc of  a  tamnr,  such  ajt  cancer.  Inflammation  of  all  kinda  in  the  mouth  vr  phannx  interferes  with 
the  taking  of  food.  Inability  to  swallow  occurs  as  |Mirt  of  the  general  phenotu«?na  in  diMntM;  of  the 
medulla  oblongata,  in  coasei|ucnce  of  paralysis  of  the  motor  centre  (su{icriar  olivet)  for  the  facial,  vof^, 
■nd  hypoglossal  nerves,  and  also  for  the  onerent  or  secucry  librcs  of  the  gloaopliarj-ngrnl,  vagus,  and 
trigeminus.  Stfanulaliun  or  abnormal  cxcitaUon  of  these  ports  causes  ^xismodic  swallowing,  and  (he 
duagrreoblc  feeling  of  n  con^ridion  in  the  neck  (glolnts  hystericus). 

B.  The  secretion  of  saliva  is  diminished  during  inrtanunolioii  of  the  salivary  glands ;  occlusioa 
of  thdr  ducts  by  coocretiou  {salivary  calcoli);  also  by  the  use  of  otropin.  daturin,  and  during  fever, 
whereliy  the  Mcrctury  (no*  thevojioniotor}  fibres  of  the  chorda  a|)pear  to  l>e  paralyzed  ({|  145).  WTien 
the  fever  U  very  high,  no  saliva  is  secreted.  The  snliva  secreted  during  rnoderale  fe^er  is  tuHiid  and 
thick,  and  usually  acid.  i\s  the  fever  increases,  llie  dia.'^tatic  action  of  the  saliva  (limini>hcs.  'Hic 
secretion  is  increased  In'  stimulation  nf  ihe  buccal  nerves  (inflRmmation,  ulceration,  trigeminiil  neu- 
ralgia), so  that  the  saliva  l*  secreted  in  great  iguantity.  Mercury  and  jaborandl  cause  secretion  of  saliva, 
the  farmer  causing  stomatitis,  which  excito  the  secretion  of  uliva  reficiily.  Even  diseases  of  the  stomach 
accompanied  liy  vocniiing  cause  secretion  of  saliva.  A  very  thick,  lenackxis,  sympathetic  saliva  occurs 
when  there  is  violent  stimulation  of  the  vascular  system  during  sexual  excitement,  and  also  during  cer- 
tain psychical  condition».  The  rrnctioH  of  the  saliva  is  acid  in  catarrh  of  the  mouth,  in  fever  in 
consequence  of  decnmpinition  nf  the  buccal  epithelium,  atul  in  diabett^  mcllitus  in  conse<|uence  of 
acid  fermentation  of  (tie  <ialiva  which  contains  sugar.  Hence,  diabetic  persons  often  suffer  from 
carious  Icctb.  Unless  the  mouth  of  on  infant  be  kept  scrupulously  clean,  the  sahva  is  apt  to  become 
add. 

C.  Disturbances  in  tlic  activity  of  the  musculature  of  Ifae  stomach  may  be  dne  to  paralysis 
of  the  niu*ciilar  layers,  wherc)<y  the  stnmnch  tKX'uines  distenflii),  nnd  Ihc  ingcsta  remain  s  long 
lime  in  n..  A  special  form  of  paralysis  of  the  stomach  is  due  to  non-cl^ure  of  the  p}-lonM 
{iC^tinm).  This  may  be  due  to  disturtiances  of  innervation  of  a  central  or  peripheral  nature,  or 
there  may  l>r  actual  paralysis  of  the  pyloric  sphincter,  or  an-i'sthcsia  of  the  pyk>ric  mucous  racra- 
hrone,  which  oct-*  reflcxly  upon  the  sphincter  muscle;  and  lo-itly,  it  may  be  due  to  the  reflex 
impulse  not  liring  Iraaffcrred  to  the  efferent  fibre  within  the  nerve  centre.  Abnormal  activity 
of  the  gastric  musculature  hastens  the  passage  of  the  ingests  into  the  intestine;  vomiting  oAen 
occtin. 

D.  Oastric  digestion  is  delayed  li>'  s-iolent  liodity  nr  mental  exercise,  and  sometimes  it  is  arrested 
altogether.  .Sudden  mental  excitement  may  hove  the  some  effect.  These  efforts  ore  very  proltably 
caused  through  the  vasomotor  nerve»  of  the  stomach.  l''eel)le  and  im|)erfect  digestion  may  be  of  s 
purely  nenrous  nomre  i  I>yspep«is  nervoss — Leutt :  Neunutbenia  gastrica — {Burtart).  An  escenive 
Ibrmalioo  of  acid  may  be  due  to  nervous  du-Iurbance.  and  is  called  "  ocrvuus  gastroxvnsis  "  by  Rosfr- 
bach. 

[Action  of  Alcohol,  Tea,  etc..  In  Digestion. — According  to  J.  \V.  Kroser,  all  infused  l>everages, 
Ira.  coffee,  cocoa,  retard  the  fieptic  dige«ion  of  proteids,  with  few  exceptions.  Tlic  retarding  action  is 
les  with  coffee  than  with  tea.  The  tannic  acid  ond  volotilc  oil  seem  to  he  the  retarding  ingredimta 
in  less.  LHstilled  SpiriLs — brandy,  whisky,  gin — have  but  n  trifling  rrta^dil^t  cAcct  on  the  digestive 
processes;  and  when  one  considers  their  action  on  the  secretory  glands,  it  follows  that  in  moderate 
dietetic  doses  they  promote  digc?4ion.  Wines  ore  highly  inimical  to  salivary  digestion,  but  this  is  due  to 
thor  acidity:  snd  this  effect  con  be  removed  by  the  aildition  of  an  alkali.  Wines  retard  peptic 
digestion,  the  sparktiii|^  less  than  the  siill  wines.  Tea  has  an  intensely  inhibitory  action  on  salivary 
digestion;  in  fact  a  small  (|uamity  paralyses  the  action  of  saliva,  while  coffee  has  only  a  slight  effect. 
This  action  of  tea  it  due  to  the  tannin.  Tc-o.  coffee,  and  cocoa  all  retard  peptic  digestion,  when  they 
form  JO  |»cr  cent,  of  the  digrjUivt-  mixturr  ( /K.  f^aiftts).'^ 

Inflammatory  or  catarrhal  affections  of  the  <4amach,  as  well  as  ulceration  and  new  finrmotions, 
inierfere  with  digestion,  and  the  same  result  is  cau-^ed  l>y  eating  too  much  food  which  w  difficult  of 
digestion,  or  taking  too  mudi  highly  spiced  sauce  or  otcoliol.  In  the  case  of  a  dcg  suffering  from 
chronic  gastric  catarrh,  GrUliner  dtjscrT«l  that  the  secretion  touk  place  continuously,  and  thai  tile  gas- 
trie  juice  contained  itttle  pe]i»in,  was  turbid,  sticky,  feebly  acid,  and  even  alkaline,  'llie  introdudioa 
of  food  did  not  alter  the  secretion,  so  that  in  \hK  condition  the  stomach  rrAlly  otMainit  no  re«t.  The 
chief  cells  of  the  goslric  glands  were  turbid,  lleiicr.  in  gastric  catarrh,  we  ought  to  eat  frequently,  but 
take  lillltr  at  a  lime,  while  at  the  some  time  dilute  hydrochloric  acid  ought  to  be  administered  (0.4  per 
cent.  |.     Small  do^es  of  common  salt  seem  to  aid  d^^ion. 

[Absence  of  HCl. — IICI  is  almost  slwsys  sbsent  in  carcinoma  of  the  stotnach  (tuft  de  VeU<\% 
amyloid  degeneration  of  the  ga.4ric  mucous  membrane  \ EUin^rr'),  and  sometimes  in  fever.  In  all 
these  cases  the  acid  reaction  is  due  to  lactic  or  butyric  acid  The  absence  of  IICI  in  cancer  of  the 
ttomsch  IS  an  important  diagnostic  and  prognostic  symptom.  It  is  not  slhtcnl  in  simple  dilatation  of 
the  etomach.  Teat  the  contents  of  the  stomach  for  free  HCl  with  Impoeulin  {red  colnr-,  methyl  violet 
(Uuei,  and  with  ferric  chloride  and  carbolic  nctd  {t'fftlmann).     ^^  percent,  of  free  HCl  causes  Ihe 
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unethjrst  blue  of  the  lust  to  become  sted  griy,  while  somewhat  more  discbtrges  the  color  ahc^etbH'. 
[In  testing  for  Ihe  presence  of  free  lactic  acid  in  the  gaJric  wnlent*  uw  I  ffcItnonnS  reaction  (J  l6j"  ~ 
The  lactic    ncid  is  easily  extmctcrl  by  ether  fn>tii  tla-  ^oatric  cuntciiUi,  anri  ihr  rraction  con  then 
performed  with  the  rcsidtie  obtAined  after  Lva{>oiaun^  the  ether.     A  solution  of  i  drop  of  Ibr  Ih) 
perchlonde  in  50  c.c.  of  water  is  made  yellow  by  lactic  acirl.] 

Feeble  digestion  may  he  caused   either  by  imperfect  fonnati<>n  of  acid  or  pepsin,  «o  thai 
subdatices  may  Iw  administered  in  such  a  condition.     [  it  may  al5o  he  due  to  dcticK-iit  mit<wriilar  prn 
in  the  wall  of  the  Momoch.]      In  other  Comt^,  loclic,  butyrtc,  aixl  ncclic  acid^  are  formed,  owing  lu  I 
presence  of  lowly  organisim.     In  .such  case:;,  smaH  doKes  of  salioi'hc  ncid.  together  witl\K7me  bydn 
chlonc  acid,  ar<.-  useful.      I'cpMn  need  not  be  given  ohcn,  tu  it  i&  rarely  absent,  even  from  the  dt»i 
gastric  mucous  memhrane.    Alhumin  has  lieen  found  in  the  gastric  juice  in  cases  of  gastric  catarrh  ] 
cholera. 

B.  Dipestion  during  fever  and  Ansemia. — Beaumont  found  that  in  the  case  of  Alexb. 
Martin,  when  fever  occurred,  a  small  amount  >*{  gastric  jurcc  was  secreted ;  the  raucou*  incmlq 
Wa-s  dry,  red,  and  irrilaiilc.  Dogs  sulfcring  from  M-ptica'mic  fever,  or  rendcfrd  aruemic  by  great  la 
of  hlood,  secrete  gastric  juice  of  feeble  digestive  power  and  containing  lidle  add  ( Afij/tasfrii)-  [In 
acute  diseases  accompanied  by  fever,  the  inner  cells  of  the  fundus  glands  of  the  liuwaii  irfuniacb  may 
disappear  {C.  Kupff'er)^  Hoppe-Seyler  investigated  the  gastric  juice  of  a  typhu-s  patient  in  which 
van  dc  Vcide  found  no  free  acid.  Usually  no  free  hydrochloric  acid  is  found  in  cancer  of  the  stomach. 
The  gaxtnc  juice  of  the  ti-phus  patient  did  not  digest  nititicmlly,  even  aftiTlhe  addhion  of  hydrochloric 
acid.  The  diminution  of  acid,  under  thei#  circumstances,  favors  the  occurrence  of  a  neutral  reaction. 
so  that,  on  the  one  hand,  <ligcstion  caimoi  proceed,  ntid  on  the  other,  fcmu-ntaiivc  proccs&ei  (lactic  aod 
butyric  acid  fermenlnlions  with  the  evolution  of  gaw^]  occur.  The^te  reralLs  are  associated  with  the 
presence  of  micro-organ i.^ms  nnd  Sattinn  ventrii  uli  (  Coodstr).  VRelmann  found  that  the  «ccretioa_ 
of  a  peptone-forming  ga-nric  juice  ceased  in  fever,  when  the  fever  is  severe  at  the  ouiKt,  when  1 
condition  occurs,  or  when  the  temperature  is  very  high.  The  amotmt  of  juice  seemed  is  cetuia 
diminished  during  fcNxr.  The  excitability  of  the  mucous  mcintiranc  is  increased,  so  that  va 
readily  occurs.  'ITic  increased  excitability  of  the  vasomotor  ncrv»  during  fever  is  disadvonti  _ 
for  the  secretion  of  the  iligt^tivc  fluids  \ihidetthain).  Ucauroont  ul-st-r\'ed  that  fluids  arc  r*]«dty* 
absorbed  from  the  stomach  during  fever,  but  the  absorption  of  peptones  \v  tliminisht^on  account  of  the 
accompanying  cataFrhal  coiidiliuii  of  the  stomach,  and  tlie  altered  functional  activity  of  the  muctilv 
mucu&:e  {l.eube). 

Many  salts,  when  given  in  large  amount,  disturb  gastric  digestion,  t.  g.^  the  sulphates.     While  the 
alkaloids,  morphia,  strychnia,  digiialin,   narcoiin,    veratria  have  a  similar  action,  quinine  favon 
(  Woihtrg).     In  some  nervous  individuals  "  peri.stnhic  unrest  of  the  stomach,"  conjoined  with  a  dy 
peptic  cnirdition,  occurs  {Kusimaul\.     [IVofcasor  Jomcii  directs  attention  to  the  value  of  pep6c  1 
pancreatic  salts,  which  are  preparations  of  common  salt  mixed  with  pepsin  and  the  ferments  of  i 
pancrea.«  respectively.] 

[Artificial  Dtgeslion  is  affected  )»)'  various  salLi  acceding  to  their  nature  and  dilulian-  The 
digcsiion  oi  fihrtn  by  pepsin  goes  on  host  without  the  addition  of  salts,  licing  dimitushed  by  magftesk 
sulphate,  iiodic  carbonate,  and  sulphate.  The  digestion  of  librin  by  pancreatic  e.xtract  is  accelerated 
by  Mxlic  cari>onnte  (  fleideMhatnu  and  retardnl  \}y  MgS()|  and  Na,S<')..  Thediastatk  action  of  the 
saliva  and  pancreas  on  starch  is  greatly  accelerated  by  NaCl  12  per  cent.),  while  NagCO,,  Na.SO,. 
and  MgSO.  Iitnder  \\{P/eiff'er\.'\  .XcconUng  to  Schiltz,  ortincial  gastric  digestion  i»  retarded  by  a  3 
per  cent,  solution  of  alcohol,  and  also  hy  a  solution  of  «ilic>'!ic  ncid  (.06  to  .1  per  cent.').  BncfaiMr, 
however,  linch  that  to  per  cent,  of  alcohol  dms  not  affect  artillcial  gastric  digestion,  while  above  SO 
per  cent,  arrests  it.      Ileer  hinders  digestion. 

F.  In  acute  di5eaAe!>,  the  secretion  of  bile  is  affected  :  it  becomes  leaA  in  amount  and  more  watery, 
I.  c,  it  contains  fewer  s[>ecitic  constituents.  If  the  livtr  undergoes  great  structural  change,  the 
secretion  may  be  arrested. 

G.  Gait  Stones. — When  decomposition  of  the  bile  occurs,  gallstones  are  Ibrmed  in  ibB  gmS 
hladdtr  or  in  the  bile  duels.  Some  are  white,  and  consist  almasl  tntirety  of  stratified  tsyert  ofuystlfc 
of  cholesterin.  The  ^rown  forms  consist  of  bitirubin-limc,  and  calcium  carbonate,  often  mixed  widi 
iron,  copper,  and  manganese.  Tlic  gall  intones  in  the  |;all  bladder  liccome  focetltxl  \ty  rublung  agaiwt 
each  other.  The  nucleus  of  the  white  litoncs  often  ronMsts  of  chalk  and  Nte-coloring  niattcrt,  to|[d]Mr 
with  aitrogenDu.s  residues,  derived  from  shed  epithelium,  mucin,  bile  salts,  and  fal^.  (ioll  slnnc*  may 
occlude  the  Ute  duct  atul  cause  choLtrmia.  When  a  small  stnne  l>ecomc.^  impacted  in  a  duct,  it  gives 
rise  to  excessive  pain,  constitutit^g  hepatic  colic,  and  may  even  cause  rupture  of  the  bile  duct  with  it» 
sharp  edges. 

H.  Nothing  certain  has  been  determined  regarding  the  pancreatic  secretioa  in  disease,  bm  In 
fever  it  aptjears  to  be  diminished  in  amount  ami  digotive  actinty.  The  suj^iresskin  of  the  pancreatic 
secretion  [as  by  a  cancerous  tumor  of  the  head  of  the  pancrea.'^l,  is  often  accompanied  by  the  appear 
ance  of  fat.  in  the  form  of  globules  tir  groufis  of  cry.itols  in  the  (.xces. 

I.  Constipation  is  a  most  ioijxtrtant  *lcrangeincnt  of  the  digestive  trad.  It  may  be  caused  by— 
( 1 )  Conditions  which  ohstrutt  the  normal  channel,  t.  g.^  constriction  of  the  gut  from  stricture — in  llie 
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Urse  g:ut  iiA«r  dysentery,  lumois,  roUlion  oil  'As  kU  of  a  loop  of  intestine  (volvulus),  or  invftgination, 

ocdiukm    of  a  coil  of  gut  m  a  hernial  sac,  or  by  ihe  pressure  of  tumors  or  exudations  from  wUliout,  ur 

Congenital  absence  of  ibe  anvs.     (2)  'I'oiy  ^n-at  Jrynfss  uf  the  cuntctit<i,  cau-sed   hy  too  lilUe  water  tn 

tlv  articles  of  diet,  diminution  of  the  aniount  of  the  digestive  secretion^-,  f.  ^'.,  of  liile  in  icterus  ;  or  in 

consequcuce  of  much  fluid  being  giveu  off  by  other  Dq;an9,  a&  after  cotnou&  secretion  of  >taliva,  milk, 

cr  in  fever.      (3)   VaritUtonii  in  the  functiunal  activity  of  the  musrles  and  molor  Hfr-vous  apparctui  of 

lie  gut  may  cause  constipation,  owing  to  imperfect  peristalsis.    'ITiis  condition  occurs  in  innamination«, 

degeDeraiions,  chronic  catarrh,  and  diaphragmatic  innainmnlion.     AfTeclions  of  the  flpinal  cord,  and 

lomctimes  also  of  the  liroin,  arc  usually  accompanied  by  slow  evacuation  of  the  intestine.     Whether 

fminisbcti  mental  activity  and  hypochondria.sis  arc  the  cause  of  or  are  caused  by  coii-stifuitinn,  Ls  not 

proved.      Spasmodic  contractinn  of  a  part   of  the  intestine    may  cause  temporary  retention  of  the 

mte»t.inal  conleat»,  and.  at  ihc  same  lime,  give  ri.sc  to  great  pain  or  colic ;  the  same  is  true  uf  sjui^mLif 

the  anml  sphincter,  which  may  ite  excited  reflexly  from  the  lower  part  of  the  gut.     Thf  fecal  ius&se> 

m  consiipMtion  are  usually  hard  and  dry,  owing  10  the  water  t>eing  absorbed  ;  liencc  tliey  forai  large 

masses  or  scyhala  within  the  huge  iulestine,  and  the»v  aguin  give  rise  to  new  rcsi.ttance.     Among 

ttte  reagents  which  prevent  evacuation  of  the  bowels,  some  paralyze  the  motor  apparatus  temporarily, 

^.  g.,  opium,  morphia;  some  diminish  the  secretion  of  the  intestinal  mucous  memlirane,  and  cause 

constriction  of  the  hlood  ve^Kels,  as  tannic  ncid,  vegetables  cnntiuning  tannin,  aluin,  chalk,  lead  acetate, 

silver  lutrale,  ln.tmulh  nitrate, 

J.  Incrcafiod  eva^uttiioH  of  tk*  intfiiinfil  contents  is  usually  accompanttxl  by  a  watery  condition  of 
tlie  6ece«,  coiutiiuting  dUrrhcsa.     llie  causes  are : — 

1.  A  loo  rapid  movement  of  the  contents  through  the  intestine,  chiefly  through  the  large  intestine, 
so  that  there  \s  no  time  frir  the  normal  amount  nf  absorption  to  lake  place.  The  increased  periitaLus 
depends  upon  stimulation  uf  the  inutoi  ncr%'ou>>  apparalua  of  the  intestine,  usually  of  a  reflex  natore. 

Kopid  transit  of  the  contents  through  the  intestine  causes  the  evacuation  of  certain  sul^stances  which 
cmfinot  be  digested  in  so  short  a  time. 

2.  Tbr  ."itooU  I»ccnme  thinner  from  the  iirrsence  of  mach  water,  mucus,  and  the  admixture  with  fal, 
and  by  eating  fruit  and  vegeiolilcs.  In  rare  casc^,  when  the  cvacuali<ins  contain  much  mucin. 
Oiarctit'H  cry^talt  occur  (Fig.  144,  c).      In  ulccrulton  of  the  intestine,  leucocytes  (pus)  arc  present 

^N^tknagtl). 

5.  Diturbtra  may  occur  as  a  consequence  of  disturbance  of  the  diffusion  proccKUfs  through  Ihe 
intcAtinal  walU,  a.<^  in  affections  of  the  epithelium,  when  it  becomes  swollen  in  innnrnmainry  or  catarrhal 
CofKlitiuas  of  the  intestinal  mucous  inemhrane.  [  liritattoii  over  the  abdomen,  as  from  the  subcutaueous 
injection  of  small  '|iianliti^  of  saline  ^^jlutionj^  causes  diarrhfea.] 

4,  It  may  olso  be  due  to  increased  secretion  into  the  intestine,  as  in  capillary  difTusion,  when  magne- 
uotn  sulphate  in  the  intestine  attraciv  water  from  the  blood. 

Tbe  some  occurs  in  cholera,  when  the  stools  are  copious  and  of  a  rice-water  character,  and  are 
loaded  with  epithelial  cells  from  the  villi.  Tbe  transudation  into  the  intestine  is  m>  great  that  the  blood 
ia  the  arteries  bi-cotiir>  very  thick,  and  may  even  on  this  account  cease  to  circulate. 

Trmnsudation  into  tbe  intestine  also  takes  place  as  a  consccjuencc  of  paralysis  of  the  vaso- 
motnr  ncrvet  of  the  intestine.  This  is  {>ert)ap<  the  ca.^  in  diarrh(^ra  following  upon  a  cold.  Certain 
kttbstaiKGi  seem  directly  to  e\cite  the  secretory  organs  of  the  intestines  or  their  nerves,  such  as  the 
drastic  purgatives  (ij  iSo).      Pilixrarpin  inJL-cte<l  into  the  blixxl  cau.sf>,  great  secretion  {Afaslaff). 

During  febrile  conditions,  the  secretion  of  the  inlcstinal  gland>  seems  to  l»e  ttUered  quantitatively 
and  qualitatively,  with  stinultuocous  alteration  of  the  functional  activity  of  tlic  mui>culalure  and  Ihe 
organs  of  abaorpiion,  while  the  excitaliility  of  the  mucpus  membrane  is  increfl.sed  (  Uffrimann ).  It  is 
impocunt  to  note  that  in  many  acute  febrile  diseases  the  amount  of  common  salt  in  the  urine  di- 
mtnish*»,  and  iucreaso  again  is  the  fi-viT  •^ub'xides. 

1B7.  COMPARATIVE. — Salivary  Glands. — Among  mammala,  the  hcrbivora  have  larger 
salivary  glaiuls  than  the  camivora;  while  midway  Iwtween  both  ore  Ihe  omnivora.  Tbe  whale  has 
no  jialivary  glanda.  The  pinnij>edta  luivc  a  small  parotid,  which  is  absent  in  echidna.  The  dog  oud 
many  comivora  have  a  special  gland  lying  in  the  orhit,  the  orbital  at  ivgiimodf  ghnJ.  In  birds  the 
Mlivaiy  glandft  open  at  the  angle  of  the  mouth,  but  the  parotid  i»  ulisenl.  Anionic  reptiles  the 
parotid  of  «ome  species  v*  so  clianged  as  tn  form  {xiison  giniids ;  the  tortoise  has  sublingual  glands  ; 
reptiles  have  lobial  glands.  The  amphibia  and  fishes  have  merely  .small  glands  scattered  over  the 
mottlb,  Th«'  salivary  glands  are  large  in  insects  ;  some  nf  them  seerric  formic  acid.  The  salivary 
glands  ore  welt  developed  in  mollusks,  and  the  saliva  of  l>Dlium  galea  conlaitu  more  than  3  per  cent, 
of  free  Mil])liuric  acid  (?).     Tbe  Cfirphalopods  have  double  glands. 

A  crop  is  not  prrMml  tn  any  mammal:  the  .stomach  is  either  simple,  as  in  man,  or,  a&  in  many 
rodents,  it  is  dividcl  into  two  halves,  into  a  cardiac  and  a  pyloric  portion.  The  intafine  is  short  in 
Aeah-eoting  animals  and  long  in  berlnvora.  'V\\ti  stomach  of  niminants  is  compound,  and  cotuists  of 
liwr  cavities.  The  first  and  largest  i«  the  paunch  or  rumen,  then  tlie  reticulum.  In  these  two 
cavttie!(,  especially  the  former,  the  ingesta  are  stiltened  and  undergo  feniienlatioii.  They  are  then 
relumed  i*»  the  mouth  l»y  the  action  of  the  voluntary  muscular  fibre.s,  which  reach  to  the  stomach. 
TW  is  ihe  pnxeM  of  ruroinatUin.     Tbe  ingests  are  chewed  agiun  in  tbe  mouth,  and  are  again 
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swallowed,  but  this  time  ihcy  enter  tbc  third  cavity  or  psalteriuni — (which  i&  absent  in  theoundr^ 
and  thenrc  into  the  fourth  Moninch  or  abomastim.  in  which  the  fmrK'ntaiive  digestion  tikes  place. 
Ilu:  cufCtim  i^  a  very  lar^e  and  importniit  digeMivc  utgan  in  herbivora  and  in  mosl  nxlents;  ti  « 
small  in  man,  and  absent  in  cnmixoro.  Tlie  (CMiphogiu  in  grain-calin^  birds  not  unftTt|uently  haa 
blind  diverticulum  or  rro/t  for  softening  the  food.  In  the  crop  of  pigeons  during  the  brecdtn|>  scaMia, 
there  i^  fon»«l  n  |)cculiar  .'Accretion — "  pigeon*.^  milk,"  which  u*  uMcd  lo  feed  the  yountf  ( /.  Htmitr), 
The  <vtomnch  consists  of  a  glandular  pfuyi^entritului  and  a  strong:  mmeular  uomaek  wmcn  ta  covsrd 
with  homy  ejiittiehum  and  triturates  the  food,  lliere  are  tuually  two  lluid  diverticula  on  ibe  lliwll 
intentinr  near  where  it  jnin-t  tht*  large  gut.  In  fiahes  the  intestinal  canal  t»  generally  umnle;  the 
sKimach  is  merely  a  dilatation  of  the  lube ;  and  ni  the  p\'lorua  there  may  be  one,  hut  u&ualiy  Maoy, 
blind  glandular  apiMrndages  (the  a^ipt^ndrce^t  pylorice).  They  arc  generally  longitudinal  fuld*.  in  the 
tnte&tinal  mucous  membrane,  but  in  ^ome  fishe*  e.  g.,  the  shark,  there  is  a  spiral  vahf.  [The  inver- 
xive  (cane  ^ugor)  ferment  'a  wanting  in  the  berbivora,  as  the  cow,  hor^e,  arid  sheep,  but  i:i  present  ta 
the  dog  and  cat.  It  is  also  met  with  in  birds  and  reptiles,  and  in  many  of  the  invertebrates,  a>  the 
ordinary  eiuth-womi  {M.  Hay),^ 

In  amphibia  and  reptiles  the  stomach  '■&  a  simple  dilatation;  the  gut  is  larger  in  vegetable  f(edfT% 
than  In  llesh  feeders,  'llie  Uver  is  never  absent  in  vertdjrotcs,  although  the  gall  bladder  fre>|uentlv 
is.     'I'hc  pancreas  if-  atji^^t  in  seme  Hshes. 

Digestion  in  Plants. — The  ol»scrvalions  on  the  albumin  digesting  power  of  wrme  plants  are 
extrcim;ly  interesting  \C<iHf>y,  1869;  Ck.  Dartein,  1^75)-  The  sundew  or  dicnera  has  a  scries  of 
tentacles  on  the  sur^ce  of  its  leaves,  and  the  lentaclcit  are  provided  with  glands.  When  an  tnatet 
alighlA  upon  a  leaf,  it  is  suddenly  seized  by  the  tentactu,;  the  glands  pour  out  an  acid  juice  over  the 
prey,  which  is  gradually  digested,  all  except  the  chitinoiLt  structures.  The  secretion,  as  welt  as  the 
nib«et)uent  absorption  of  the  produciA  of  digestion,  ore  accomplished  by  the  actiNity  of  the  proto- 
plasm of  the  oelU  of  the  leaves  The  dige^Jive  juice  contains  a  )>eji>.in-like  fennent  ajid  formic  ackL 
Similnr  phenomena  are  manifested  by  the  Venus  flytrap  (Liion.ta),  by  pinguicula,  as  well  as  by  the 
cavity  of  the  altered  leaves  of  nepenthes.  Alxiut  fifteen  species  uf  these  "  insectivorous  "  or  camivtK 
rou.s  planum  are  known.  [Papain,  imd  other  ferments  analogous  in  their  action  to  trypsin,  are  reiicned 
to  in  2  170.] 

188.  HISTORICAL. — Digestion  in  the  Mouth. — 71ic  older  observers  n^^arded  the  j«Ap« 
as  a  solvent,  and  in  addition,  many  bad  i|unliti»,  cvpecially  in  starving  animals,  were  ascribed  to  it 
llus  arose  from  the  knowledge  of  the  saliva  of  road  animals,  and  the  parotid  saliva  of  pobmoos 
snakes.  The  salivary  glands  have  licai  known  for  a  long  time.  Galen  (131-203  A.  D. )  was  acquainled 
with '^'barton's  duct.nnd  A?lius(270  A.  U  \  with  the  submaxillar)'  and  suivlingua)  glands,  (lapel  de 
la  Chenaye  (1780)  obtained  large  (|UBntitics  of  <»aitva  from  a  horse,  in  which  he  wa»  the  lirst  to  nuke 
a  salivary  fistula.  S)»illan»tni  [  1786)  as.serted  that  fond  mixed  wirh  saliva  was  more  ca.silT  digested 
than  food  moi-stcncd  with  water.  Ilambcrgt-r  and  Sicbold  invcsii^ated  the  reaction,  consistence,  and 
.sjiecihc  gravity  of  saliva,  and  found  in  il  mucus,  albinnin,  common  .salt,  calcium  and  sodium  phos- 
phates. Uerjielius  gave  (he  name  pfyalin  to  the  cliaractehstic  oi^nic  constituent  of  sali\-a,  but  Leucfas 
I  iSjt)  was  the  lirst  to  detect  it.s  lUa-static  action. 

Oastric  Digestion. —  Digestion  was  formerly  compared  to  "coction,"  whereby  solution  was 
effected.  According  to  (ialcn.  only  substances  that  have  been  dissolved  passed  through  the  pylorus 
into  the  inie*tine.  He  descril>ed  the  movements  of  the  stomach  and  the  peiistaUin  of  the  intc«4ino. 
Aclian  gas'c  names  to  tlie  four  stouvachs  of  the  ruminants.  Vidius  (t  tSt*?^  noticed  the  numerous 
small  apertures  of  line  gastric  glands.  Van  iletmcmt  (t  1644)  expressly  notices  the  atitiity  of  tfae 
stomach.  Kraumur  (t7!i2|  knew  that  a  juice  was  secreted  by  the  stomach,  which  effected  wlntica. 
and  with  i«hich  he  and  Spallaitzani  performed  experiments  on  digestion  outside  the  body.  Carmioali 
(1785)  found  that  the  stomachs  of  comivora  during  digestion  secicted  a  very  acid  juice.  fVout  (1824) 
discovered  the  hydrochloric  acid  of  the  gastric  juice,  Sprott  and  Bo^-d  (1836)  tlie  glands  of  ilie  gaslxk 
mucous  membrane,  while  Wasmann  and  HischofT  noted  the  two  kinds  of  gasAric  glands.  After  Bcas- 
mont  1 1834)  bid  made  his  obscr^-ations  upon  AIcxw  St.  Martin,  who  had  a  gastric  hstula  caused  by  • 
gun.shot  nound,  Uaj»ow  (tS42)  ami  Tll>nndlnt  (1K43)  made  the  first  attificia]  gastric  fistula;  tipoa 
animals.  KN-rle  (i^M^  pre|uri\l  artificial  gastric  juice.  Mialhe  called  altiumin,  when  altord  by 
ga>tric  digestion.  aUiuminuiie;  Lchmonn,  whu  iuvoitigatrd  this  sulistance  more  careMly,  gave  it  ibe 
name  pfptcne.  Schwann  isolated  pepitH  ( 1 836),  and  estobli^ed  the  iact  of  its  activity  in  the  prescDCC 
of  hydrochloric  acid. 

Pancreas,  Bile,  Intestinal  Digestion. — The  pancreas  wa&  known  to  the  Hippocratic  School; 
Mflur  Hoffmann  (1642)  deuiorvitratwl  its  duct  (fo*l),  and  Wirsung  described  it  in  man.  Rcgncr  de 
(Jraaf  ( 1 664)  collected  the  pancreatic  juice  from  a  tistuln,  and  liedcmann  and  Omelin  found  it  10  be 
alkaline,  while  Lauret  and  Los&aigne  found  that  it  resembled  saliva.  Valentin  diM:oveTrd  its  dias* 
tatic  action,  Kbcrle  its  emuUioiiizing  poit-er,  and  CI.  Bernard  (1846}  its  tryplic  and  Catsplitting  prop- 
erties. The  Ifl.st  mentioned  junction  wa,*  referred  to  l»y  Purkinje  and  I'ajiijenhcim  (l83tj).  AitslotJe 
ch.irjcicrizcd  the  bile  as  a  useless  sccr<tiuii;  according  to  Era.si<>tratus  (304  k.c.).  Hune  invisibk 
channels  conduct  the  bile  from  the  livtr  into  the  gall  bladder.  Aretaeus  ascribed  icterus  to  obstroc* 
cioB  of  the  bile  duct.     Uencdetti  ( 1493)  described  gall  stones.     According  to  Joitolinus  (1573).  the 
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gill  bladder  is  emptied  by  its  own  contractions.    Sylvius  noticed  the  lymphatics  of  the  liver  (1640) ; 

Walaeus.  the  <»nnective  tissue  of  the  so  called  capsule  of  Gttsson  (1641).     Haller  indicated  the 

BKS  of  bile  in  the  digestion  of  fats.      The  liver  cells  were  described  by  Henle,  Purkinje,  and 

Dotrochet  (1838).     Heynsius  discovered  the  urea  and  CI.  Bernard  (1853)  the  sugar  in  the  liver,  and 

be  and  Hensen  {1857}  found  glycc^n  in  the  liver.     Kieman  gave  a  more  exact  description  of  the 

bepatic  blood  vessels  (1834).     Beale  injected  the  lymphatics,  and  Gerlach  the  6nest  bile  ducts. 

Schwann  (1844)  made  the  first  biliary  fistula;  Demarcay  particularly  referred  to  the  combination  of 

tbe  tnle  acids  with  soda  ( 1838) ;  Strecker  discovered  the  soda  compounds  of  both  acids,  and  isolated 

Ibera.    Celsus  mentions  nutrient  enemata  (3-5  A.D.).     Kallopius  (1561)  described  the  valvulse  con- 

mrentes  and  villi  of  the  intestinal  mucous  membrane,  and  the  nervous  plexus  of  the  mesentery.    The 

■gminaled  glands  or  patches  of  Peyer  were  known  to  Severinus  (1645). 
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189.  THE  ORGANS  OF  ABSORPTION.— [As  most  substances  in  the! 
slate  in  which  they  are  used  for  food  are  either  insoluble,  or  diffuse  but  imperfectly 
through  membranes,  the  whole  drift  of  the  complicated  digestive  processes  is  to 
render  these  substances  soluble  and  diffusible,  and  thus  fit  them  for  absorption ; 
while  most  of  the  fats  arc  emulsionized.] 

The  mucous  membrane  of  the  whole  intestinal  tract,  as  far  as  it  is  covered 
by  a  single  layer  of  columnar  epithelium,  /.  ^.,  from  the  cardiac  on6ce  of  the 

stomach  to  the  anus — is  adapted  for  absorptioD. 
The  mouth  and  oesophagus,  lined  as  they  are 
by  stratified  squamous  epithelium,  are  much  less 
adapted  for  this  purpose.  Still,  poisoning  is 
caused  by  placing  potassium  cyanide  in  the 
mouth.  The  channels  of  absorption  in  the  in- 
testinal tract  are  (Fig.  206) — (i)  the  capil- 
laries [^//>(f(-/],  and  (2)  the  lacteals  [/,«*/;>cr/l 
of  the  mucous  membrane.  Almost  the  whole 
of  the  substances  absorbed  by  the  former  pass 
into  the  rootlets  of  the  portal  vein,  ami  traverst 
the  liver,  while  those  that  enter  the  lacteals 
really  pass  into  lymphatics,  so  that  the  chyle 
Scheaie  of  intcttiwi  AiKorpiion.   LAc.Uc-  passcs  through  the  ihotacic  duct  and  is  poured 

teaU ;  T.  D..  thoracic  duct ;  p. V,  and  H. v..    P     ■.     -     ^        .f       i  .        j  u  .1.       .1.  •        j        - 

pgrtaiaiidhcpaikvcim;  iNT..mt«tirie.     by  it  luto  the  blood,  whcFC  the  tfaoracic  duct 

joins  the  subclavian  vein. 

Watery  solutions  of  salts^  grape  sugar,  peptone,  poisons,  and  in  a  still  higher 
degree  alcoholic  solutions  of  poisons,  arc  absorbed  in  the  stomach.  The 
empty  stomach  aI>sorbs  more  rapidly  than  one  filled  with  food  ;  gastric  catarrh 
delays  absorption.  After  a  copious  diet  of  milk,  fatty  granules  have  been  found 
in  the  protoplasm  of  the  goblet  cells;  so  that  according  to  this  view,  the  goblei 
cells  have  a  double  function,  to  secrete  mucus  and  to  absorb  nutriments. 

The  greatest  area  of  absorption  is  undoubtedly  the  small  intestine,  especially 
its  tdpper  half,  owing  to  the  presence  of  the  valvules  conniventes  and  the  villi. 

190.  STRUCTURE    OF  THE    SMALL  AND    LARGE    INTES- 
TINES.^The  wall  of  the  small  intestine  consists  of  four  coats;  wbJchyj 
from   without    inward,  are    named   serous,  muscular,  sub-mucous,    and    mucou 
(Fig.  207).] 

(I)  "XXttt  serous  coat  hu  the  some  stnictore  as  the  peritonnim,  i.  r,  a  thin  b«sis  of  fibrous  1 
covered  on  ils  outer  surface  by  endotbetium. 

(3)  The  muscular  coat  coniiisu  of  a  thin  outer  longitudinal  and  an  inner  thicker  circular 
layer  of  non-Mii|xT(l  imiiculnr  filircs  (Fijj.  2071. 

(3)  The  sub  mucous  coat  coiimsLh  of  Iook  connective  tissue  conlaininf;  Urge  blood  vcssda  aod 
nerves,  and  il  connecU  the  miLMrular  with  the  mucous  coaL 

('4')  The  mucous  coat  is  the  most  intemnl  cont.  and  its  abM>rbing  surface  i§  Ltrpcly  increaM«l  tn 
the  presence  of  the  valvula-  conniventes  and  villL  [The  vatvuUe  conniventes  are  [lemnncnl 
fo)d»  nf  the  mmxiu^  memlirane  of  the  small  inttttine,  arranged  across  the  long  axtn  of  the  gut.  Tbq 
pas&  round  a  half  or  more  of  the  inner  surface  of  tlie  gui.     They  begb  a  little  below  the  comn 

sse 
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ment  of  the  duodenum,  and  ve  liirge  and  well  marked  in  ihc  duodenum,  and  remain  so  an  far  as  the 
f^iper  half  of  the  jejunum,  where  they  begin  in  become  smaller,  and  finally  disappear  aboui  the  lower 
pHl  of  the  ileum.]  'Hic  villi  arc  chanicttn-Lstic  uf  the  small  intt^tiiic,  and  are  confined  lo  it;  they 
oconr  everywhere  as  closely -»ct  projcclions  over  and  between  Ihc  vnlvulic  conniventcs  (Fig.  207). 
When  the  inner  surface  of  the  mucous  membrane  is  examined  in  water,  it  has  a  velvety  ap|j<iiraiicc 
owing  lo  tbeir  presence.  [They  vary  in  length  from  X  to  ^  of  an  inch,  are  lai^est  and  most  nume- 
rous in  the  upoer  part  of  the  intestine,  duodetmm.  and  jejunimi,  where  absorption  .is  most  active,  but 
they  are  less  aoundont  in  the  ileum.  Tticir  total  number  has  been  calculated  at  four  imUtan.1  by 
Krwisc.]     Each  tiIIiu  is  a  projection  of  the 
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entire  luucoos  membrane,  so  that  it  contains  within 

itself  representatives  of  all  the  tissue  elements  of 

the  nmcouL     The  orifices  of  the  glands  of  Lieber- 

ktthn  open  lietween  the  haM^s  of  villi  (Ftg.  207), 
Each  villas,  be  it  cj'lindnca!   or  conical   in 

chape,  is  covered  by  a  single  layer  of  columnar 

epithelium,  whose  protoplann  is  reticulated,  and 

contains  a  weU-defmed  nucleus  with  an  intra- 

Bockar    plekuft   of    fibrils.     The   ends  of    the 

cpilhdial    celU  directed    toward    the    gut   are 

polygonal,  and  present  the  appearance  of  a  mosaic 

(Fig.  208,  D).  Wlien  looked  at  from  the  side, 
[  ibeir  free  surface  is  seen  to  be  covered  with  a 
[dear,  highly  refractive  disk  or  "  cuticuU," 
I  which  is  marked  with  vertical  strix.  These  strix 
^  were  sui^XKcd  by  KGlliker  in  represent  pores  for 

Ihe  absorption  of  fatty  particles,  but  this  has  not 

been   confirmed,  while    Bretlauer  and    Steinach 
regarded  tltem  as  produced  by  prisms  plnced  side 

hy  side. 

According    to   v.    Thnnhoffer,   howe%'cr,   this 

clear  dbk  is  comparable  to  the  thickened  flange 

■joand  the  bottom  of  a  vessel,  such  as  is  used  for 

collecting  guei.     On  this  supjwsiiinn,  the  upper  f      %"-f 

end  oreiuh  cell  is  open,  and  fn>m  it  there  project 
paendopodiadilce  hnndlr-5  of  jirotoplatmic  pro* 

oases  (Fig.  308.  U|.    These  processes  are  sup- 
posed lo  be  cxtemtcd  beyond  the  margin  of  the 

ccUf  and  again  rapidly  retracted,  and  in  so  acting 

Oiey  arc  said  to  carry  the  fiUly  particles  into  the 

inlerior  of  the  cells,  much  as  the  pseudopodia  of 

mo  anHKbrn  entangle  its  food.     [This  view  has  not  ^ 

been  conBnned   by  a  sufiident    numlier   of  ob- 

ser*eTs.1     Between  the  epithelial   cells  ore  the 

so-called   goblet   cells  (Kig.  208,  C).     [Kach 

goblet  cell  is  more  or  less  like  a  chalice,  narrower 

above  and  below,  and  broad  in  the  middle,  with 

a  tapering  lixc<l    extremity.     The  outer  part  of 

these  celL't  is  filled   with  a  clear    substance    or 

muctgcn,  which,  on  the  a<ldition  of  water,  yields 

nracui.     The  mucigcn  lies  in  the  intervals  of  a 

fine  network  of  fibrils,  which  iiervodes  the  cell 

protoplasm,  w-hilc  the  protoplasm,  containing  a  globular  or  triangular  nucleus,  is  pushed  into  the 

lower  part  of  the  cell.     Those  goblet  cells  arc  simply  altered  columnar  epithelial  cells,  which  secrete 

mticiu  in  their  interior.     They  are  more  numerous  under  certain  conditions.     Not  unfrc«]uenUy  in  n 

section  of  the  raucous  membrane  of  the  gut,  after  it  is  stained  with  logwood,  wc  may  sec  a  tiecp  bine 

plug  of  mucus  partly  exuded  from  these  cells.     When  looked  at  from  above  they  give  the  a(ijicarancc 

seen  in  Fig.  208,   l.).]     The  epithelial   celts  are  shed   in  cnorrnous  numlwrs  in  cholera,  and   in 

poisoning  with  arsenic  and  tnuscnrin  [/iSAm). 

[The  epithelial  cells  covering  the  villtis  are  placed  upon  a  layer  of  sr]uamous  epithelium  ( basement 

membrane) — the  sub-cpitheliol   membrane  of  D&bove.     This  basement  membrane  is  said  to  be 

ccmnected  by  processes  with  the  so-calte<l  brancli«l  cells  of  the  adenoid  tisaue  of  the  villus,  while  it 

abo  sends  up  processes  between  the  epithelial  covering.] 

The  villus  itself  consists  of  a  basis  of  adenoid  tissue,  containing  in  its  centre  one  or  more  lactcals. 

closely  invested  with  bunHles  of  longitudinal  smooth  muscular  fibres,  rlerived  from  the  mascularis 

nwcoHe,  and  a  plexus  of  blood  ve.v^-ls.     The  adenoid  tissue  of  the  villus  consists  of  a  reticulum  of 

6brtb  ¥nlh  endothelial  plates  at  iLs  nwles.     The  spaces  of  the  adenoid  tivsue  form  a  s^mngy  network 
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A  small  artery  |>1ftc<!fl  ecceniricnlly  pa»tf-4  into  each  villiu  (Fik-  209V  In  man  it  begins  lo  divide 
abnut  the  middle  of  tbc  villus,  but  in  animab  it  tuttnUy  runs  to  Ihe  apex  before  it  divides,  The 
eapiltariei  rc^ultinfr  from  the  division  of  thr  artery  form  a  6ne  dense  network  placed  suffer fiHai/y^ 
immediately  under  the  epiiht^lium  of  the  surface.  Tbc  blood  Is  carrie<l  out  of  a  villus  by  one  or  two 
Tctn&  (I'lgs-  207,  209). 

Non-striped  muscular  fibres  are  present  in  villi.  They  are  arranged  longitudinally  in  several 
bundle)  frcnn  base  to  apex,  immediately  outride  the  central  lacteal.  When  they  contract  they  tend 
lo  empty  the  lacteal.  .\  few  muscular  Ahres  are  placed  more  superficially,  and  run  in  a  more  tranb- 
Ter*e  direction.  [The  longitudinal  bundles  of  nnn-siriped  muscle  in  the  villi  arc  connected  together 
by  oblique  strands;  whdc  tbc  tunj^itudmal  bundles  shorten  the  villus,  (he  oblique  fibres  keep  the 
lacteal  open;  thus  the  jiorcnchyuia  of  the  villus  is  also  compressed  iraiuver>elyf  whercl^  ibe 
pnxlucts  of  absorption  are  forced  into  the  lactenl.  The  muscles  are  fixed  by  cement  to  the  sub- 
rpilheliol  haial  membrane.  The  muscular  fibres  of  the  villi  arc  direct  prolongations  of  the  muscularis 
mucosie.] 

Nerves  pass  into  the  villi  from  Melssner's  plexa^  lying  in  Ihe  sub-mncons  coat.  The  nerves  to  the 
villi  ore  said  to  have  small  granular  ganglionic  cells  ia  their  course,  and  they  tcnniiuUe  partly  in  the 
muscular  fibres  and  partly  in  the  arteries  of  the  villi. 

[On  making  a  vertical  :<icction  of  the  mucous  membrane  of  the  small  intestine,  it  u  !«oen  to  conM»t 
of  a  network  of  adenoid  tissue  looiled  with  loicociirs.  This  tissue  forms  its  T>asis,  and  in  it  are  placed 
vcnically,  iide  by  side,  like  tc^l-tubc<i  in  n  sian<l,  immense  number?  of  simple  tubular  glands — the 
crypts  of  Lieberkilhn  (Kig.  207}.]  [Kulischittki  timU  iltat  tlic  cormeaivc-tissue  framework  of 
the  mucowi  membrane  of  the  small  intestine  is  not  true  adenoid  tissue,  but  a  transition  form  between 
tbe  latter  and  loose  fil)rou&  luuuc.]  LiebcrkUhn's  glands  open  above  at  the  bases  of  the  villi,  while 
tbeir  closed  lower  extremity  reaches  olmoftt  to  tbe  muscularis  mucosic.  Each  tube  cocuists  of  a  base- 
ment membrane  Uned  by  a  single  layer  of 

columnar  qiithchum.  leaving  a  wide  lumen,  FlO.  2IO. 

tbe  cells  Uning  them  being  continuous  with 
those  that  cover  tbe  mucous  membrane. 
Some  goblet  cells  are  oftai  found  iM-twtco 
Ibe  cfilumnar  qiitheUum.  Immcttiately 
below  tbe  bases  of  the  follicles  or  I  jc^kt- 
kQhn  b  the  musculoris  mucosae,  coii»i»i- 
in^  of  two  or  three  narrow  layers  of  non- 
striped  muscular  fibres  arranged  circularly 
aiHl  longitudinatlr.  [It  is  continuous  with 
tbe  mosculara  mucoooc  of  the  stomach,  and 
catends  Ihrottgbout  tbe  whole  tnteiiline,  not 
as  a  continuous  layo",  hut  as  a  cksvC  net- 
work ct  bundles  of  smooth  muKle.  It 
■ends  fibres  upward  into  the  villi  (Kig.  213, 

[  Brunner's  Glands  are  compound  tabu- 
lar ({lands  lying  in  and  confined  to  tlie  sub- 
mucous coat  of  tbe  duodenum  ( l-'ig.  198). 
llicir  ducts  perforate  tbe  mu^ularirt  mucose 
to  open  on  the  surface.  They  seem  to  be 
the  homologues  of  Ihc  pyloric  glands  of  tbc 
stomach] 

[Solitary  Follicles  arc  small  round  or 
oval  while  masses  of  adenoid  tissue,  with 
tbdr  deeper  parts  embedded  in  the  i^ub- 
Bocesa,  and  their  apices  ptojecting  into  tbe 
moooss  at  tbe  intestine.  Tbey  b^n  st  tbe 
pykne  end  of  the  stomncfa  and  are  found 
thrawfaont  the  whole  intestine.  They  con- 
SUt  of  Saoall  maASe<>  of  Olleooid  tiw^ue  loailed    Mucous  racmbnnc  of  the  amalt  Intcatlnc  of  the  dos  :  the  UclcaJ* 

with  leucocytes  (Fig.  aii).  Thev  are  well  ?"  ''><:'«.  »«'.  '*»«  ^^^  .,r«*«'».  "f^*«'i.,  ••,  f'wnr ;  *. 
«™>lied  with blixi  ve«eM5  .97)'. although  'ff^;^^;.^,^  "'  "»""*''"  '"  ^'  ""' ■  <^^-  '- 
no  lympbolic  veaseb  enter  them.     1*hey  ore 

surnwnded  by  lymphatics,  and.  in  fiicL,tbe>-  may  be  sakl  to  hang  into  a  lymph  stream.  Tbe  distribu- 
tkm  of  folitary  follicles  \s  fairly  unifonii  in  the  small  intestine;  their  number  generally  irtcrcase!-  from 
tbe  Stomach  to  the  large  intestine;  nlthoogb  there  are  considerable  variations  in  dilTcrent  individuals. 
Iberr  seems  to  be  the  some  number  ol  solitary  foIUclcij  and  Pcyer's  patches  in  tlic  infant  as  in  tbe  adult 

[Peyer  a  glands,  or  agmtnated  glands,  con^  of  groups  of  lymph  follicles  like  tbe  foregoiog 
(F^  S07,  213).     The  raa:>ses  are  o&n  more  or  leas  fused  together,  tbcir  bases  lie  m  tbe  snb-mucosa. 
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mucosa,  is  Ibe  plexus  of  Meissner,  which  is  much  ftoer,  the  meshes  being  wider,  the  nodcssmaUer, 
hnt  nlM>  pmvidcd  wilti  ganglionic  cell.1.  It  itupplifs  the  masculnr  fibres  and  artoics  o(  the  macosa, 
indulging  lbo<«  nf  the  viUi.     It  alsosendf  branch^  to  IJebcrklihii'b  glands  (Fig.  176). 

[Structure  of  the  Large  Intestine. — It  ha&  four  coats,  like  thmt-  of  the  small  inttsiinc.  The 
serouB  coat  1ms  the  snme  sirucllire  05  ihnt  of  the  sniail  iiile.liiic.  The  muscular  coal  luu.  exleroal 
hngituiiinal  fibres  occurring  all  round  tlic  gul,  but  they  form  three  flat,  ribbon-like  loiigituilinal  bands 
in  Uie  ciccum  and  colon  (I'ig.  214).  Inside  this  coat  ore  the  cir^utar  fibres.  The  sub-tnucosa  is 
practically  the  same  as  ihnt  of  the  ttmnll  intestine.  Tlie  mucosa  ia  distinguished  by  negative 
charncters.  It  has  no  villi  and  no  Peycr's  pntche^.  but  otherwise  it  resembles  structurally  the  small 
intestine,  consisling  of  a  basis  of  adenmd  tissue  with  ihe  simple  tubular  glands  of  Lieberkiihn 
(I'i};.  199).  The.*e  gland.s  are  very  numerous  and  somewhat  longer  than  those  of  the  small  intestine, 
and  they  always  contain  for  more  goblet  celts — about  ten  times  as  many,  'llie  celts  lining  them  arc 
devoid  of  a  clear  disk.  Solitary  glands  occur  ihrougliout  the  entire  length  of  the  large  inlcidiuc. 
At  the  basis  of  LieherlcUlin's  glands  is  the  muscularis  mucosae.  The  blood  vessels  and  nerves 
have  a  similar  arrnngement  lo  tbtwe  in  the  .slomiich.] 

[Blood  Vessels. — On  looking  down  *in  on  opaqoc  injection  of  the  mucous  rocml>rnnc  of  the 
stomach,  one  m:c5  a  den»c  mcshwork  of  polygonal  area.s  of  uncijual  size,  with  dcprc^iotu  here  and 
there.     The  orifice*  arc  llic  urificcs  of  the  gOAtric  glan<U,  each  surrounded  l>y  a  capillary.      A  some-J 
what  simitnr  appearance  is  seen  in  an  opacguc  iiijcction  of  the  mucous  membrane  of  the  large  intestine^] 
tmt  in  tlie  lattci  the  me«hwork  \s  uniform^  all  thcotitices  (of  1  Jeberklihn's  glands)  being  of  the  i 
size.] 

191.  ABSORPTION  OF  THE  DIGESTED  FOOD.— The  physical 
forces  concerned  arc  endosmosis,  diffusion,  and  filtration. 

All  the  coostitucots  of  the  food,  with  the  exception  of  the  fats,  which  in  piiri  nrc  cliungcd  into  a 
fine  emuUion,  are  brought  into  a  state  of  solution  by  the  digestive  proct-^so.  i  lif-c  sulistttntes  pass 
tlutnigb  the  walls  of  the  inlestinol  tract,  cither  into  the  bWirl  vessels  of  the  mucous  uieiuljraue  or  into 
the  t^^iming  of  the  lytnphntic^.  In  this  pa.s.sage  of  the  fluids  two  ptiyslcat  processes  come  into  play 
— tntiamosis  and  titffuiion,  as  well  as  Jitiratitm, 

I.  Endosmosis  nm!  diffusion  occur  lietween  two  fluids  which  are  cupabteof  fonning  an  intimate 
mixture  with  each  other,  e.  ^.,  hydrochloric  acid  and  water,  but  never  lietween  two  fluids  which  do 
not   fomi  a  perfect  misturc,  such  as  oil  and  watur.      If  two  fluids  capable  of 
Kic  21?  mixing  with  each  other,  but  of  different  compositions,  he  sepamied  &um  each 

other  by  means  of  a  septum  with  physical  pores  (which  occur  even  in  a  homo- 
peneous  membrane),  on  exchange  of  the  con!>tilueiils  in  the  f!uid»  occurs  until 
both  fluids  have  the  same  composition.  This  exchange  of  fluids  is  lenned 
nufaxMPsis  or  dhtmosis. 

Diffusion. — If  the  two  mixable  fluids  arc  placed  in  a  vessel,  the  one  fluid 
over  the  ulhcT,  but  without  being  separated  by  a  porous  septum,  un  exchange 
of  the  particles  of  the  fluids  also  occurs,  until  the  whole  mixture  is  of  uniform 
coinix»sition.     This  process  is  called  diffusian. 

Conditions  Influencing  Diffusion. — (iraham's  investigations  showed  that 
the  rapidity  of  diffusion  is  influenced  liy  (1)  Ttie  nature  of  the  fluids  them- 
selves; acids  diffuse  mo*«1  raj>idly:  the  alkaline  salts  more  slowly;  and  most 
slowly,  fluid  albumin,  gelatin,  gum,  dextrin.  The:^  last  do  not  crystallijce,  and 
periiaps  do  not  fomi  true  solutions.  (2)  The  more  concentrated  the  solutions, 
the  greater  the  ditfusion.  (3)  Heal  accelerates,  while  cold  retord*.  the  process. 
(4)  If  a  solution  of  a  body  which  difluscs  with  difficulty  l>e  mixed  with  an 
easily  difTusible  one,  the  former  dilTu-w.-s  with  xtJU  greater  difficulty.  (5)  Dilute 
solutions  of  several  substances  diffuse  into  each  other  without  any  dtfTiculcy,  buta 
if  conccnimled  solutions  are  employed  the  jjrocess  is  retarded.  (6)  I>out)le^ 
salt.s,  one  constituent  of  which  difhiscs  more  reodily  than  the  other,  may  be 
chemically  sqiorated  by  difTtu-ion. 

Endosmometer. — The  exchange  of  the  fluid  particles  takc&  place  I'lrdWj 
penJenily  of  fhr  hydrostatic  pressure.     An  eiidosinouieler  {Fig,  71%)  1 
of  a  gloss  cylinder  filled  with  dUtiltcd  water,  and  into  tliis  U  placed  a  flask, , 
without  n  iKMtom.  insicod  of  which  a  membrane,  m,  is  tied  on.     A  glass  tub 
R,  is  fixed  linnly,  liy  means  of  a  cork,  into  the  neck  of  the  6ask.     Ilic  tlosk  ifll 
filled  up  to  the  lower  end  of  the  tube  with  a  concentrated  sail  solution,  and  \$\ 
then  placed  In  the  cylindrical  vessel  until  tioth  fluids  are  on  the  same  level,  jr.[ 
Tlie  fluid  in  the  tulw,  R,  soon  begins  lo  rise,  because  water  passes  through  th« 
membrane  into  the  concentrated  solution  iu  the  Hask,  and  tliis  independently  of 
the  hydrastatic  pressure.     Particlos  of  the  concentrated  snU  solution  jmiss  into 
the  cylinder  and  mix  with  the  wnter,  K.     'l"hcse  outgoing  and  ingoing  currents 
continue  nnlil  the  fluids  without  and  within  J  are  of  uniform  comjxntlion,  whereby  the  fluid  in  K 
always  stands  higher  (/.  g.^  ol  >•),  while  it  is  lowered  In  the  cylinder.    The  circumstance  of  the  level 
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of  the  fluid  within  the  tube  tteinf;  so  high,  and  renmining  so.  lh  due  to  the  6Kt  that  the  pores  la  the 
membrane  are  t«»  line  lo  allow  the  hydroslatic  prcuure  to  act  Uirough  Ihcnn. 

Endoftmotic  Equivalent. — Kxptrriment  has  .ihown  that  et|iial  weights  of  difTerent  soluble  suh- 
ctADCes  attract  different  amounts  of  distilled  water  through  the  OKinWaiie  i.  e.,  a  known  weight  of  a 
sdnble  mibstanco  (in  the  Ha<iV)  can  he  eichanged  by  endosmoNs  for  a  derinite  weight  of  water.  The 
term  "eadoaiiKitic  equivalent' *  indicates  the  weight  of  didilled  water  that  jML!>:ua  into  the  Hu^k  of  I  he 
cndoncwnicter.  in  exchani^  for  a  known  weight  of  tlie  K>tuble  !>ub»tiince  {JoHy\.  For  I  (^rm.  alcohol 
4-2  gmu.  water  were  exchanged;  while  for  i  grm.  NaCI,  4.3  grau.  wata*  parsed  into  the  cDdouno- 
meter.     Tlic  following  numben  give  the  cndosroolic  oiuivaleni  of — 


Acid  potOMium  sulphate.         .       =:  2.3 
CdmmoQ  salt.     ....=:  4.3 

StiRor =7.1 

Sodiuin  sulphate,       .       .       .       ^11.6- 


Magnesiuin  ^photc,  =  11. 7 

Poiauiutn  sulphate.        .       .  =  12.0 

Sulphuric  acid =     O.39 

Foiassitun  hydrate, .  .  ss3l5.o 


The  amount  of  the  sutk^once  which  pasMs  through  the  membrttne  Into  the  water  of  the  cylinder  is 
(iroportional  to  the  cmiccnt ration  of  the  solution.  If  the  water  in  the  cylinder,  therefore,  lie  repeatedly 
renewed,  the  endoeinKi^ts  lako  place  more  rapidly,  nn4  the  process  of  eqtuUbralion  is  accelerated. 
The  larger  the  pores  of  the  incmbranc.  and  the  smaller  (he  molecules  of  the  substance  in  i>oluiian,  the 
more  rapid  is  the  endosmosi^.  Hence,  the  rajmlity  of  cndoHTnaitn  nf  different  •iul)»tances  Tories,  t.g^x 
the  rapidity  of  si^nr,  sodmm  soilphale,  cmnmon  .lalt.  and  urea  t«  in  the  ratio  uf  I  :  I.I  :  5 :  9.5. 

The  m^oimotit  e<fuivateut  is  not  eottsiamt  for  rack  subttiiucf.  It  \s  influenced  1^'  (l)  The 
lempcroturc,  which,  a:>  it  increases,  gencralty  increases  the  endoxniotic  equivalent.  (2I  It  also  varies 
with  the  degree  of  concentration  of  the  oeunotic  solution)*,  being  greater  for  dilute  solutions  of  the 
subsUocex. 

ir  a  sul>«tance  other  than  water  t>c  placed  in  the  cylinder,  an  endostnotic  current  occurs  nn  both 
sides  onlil  complete  e<|unlity  i^  olitained.  In  this  case,  the  currents  in  opfX»iIe  dirwiions  diaurl)  each 
ocbcr.  If  Iwu  Mil»lancc^  be  di!>&olved  in  the  water  in  the  Hask  at  the  tainc  time,  tliey  diifukc  into 
water  without  affectmg  each  other.  (3)  ft  also  varies  with  memlrane!^  of  varying  porosity.  Common 
salt,  which  gives  an  cndosmotic  equivalent  with  a  pig's  bladder  =  4.3,  gives  6.4  when  an  ox  bladder 
B  uied  :   3.9  with  a  iwimming  bladder;  and  20,2  with  a  collodiiin  memlirane. 

Colloids. — There  are  many  Huid  sutistance*  which,  on  account  of  the  great  sire  of  their  molecules, 
do  not  paas,  or  pa»s  only  with  difficulty,  through  (he  [lorci  of  a  mcml>raiic  impregnated  with  gelatinous 
botfies.  which  diffuse  slowly.  These  mbstance^  arc  not  adually  in  a  true  slate  of  solution,  Imt  cxLst 
fai  a  Tcry  dilute  condition  of  imbibition.  Such  subdance»  are  the  fluid  proteids,  Marches,  dextrin, 
eum,  aod  gelatin.  Theiie  diffuse  when  no  septum  is  (n-cAent,  Uil  diffuM-  wiih  difficulty,  or  not  at  all. 
Uirongh  a  ponxu  septum,  ('rohnm  called  these  ii>ul>stances  colloids,  because,  when  concentrated, 
they  present  a  glue-Ukc  or  gelatinous  appearance;  further,  the)-  do  not  cry»tallifc,  while  ihoM;  liub- 
sunces  which  diffuse  readily  ore  rr>-statlme.  and  ore  called  crystalloids.  Cryv^tallizable  sulwtances 
tamf  be  Mparated  from  non-crysiolli/abte  by  this  proceis,  which  Graham  called  dialysis.  Mineral 
•alls  favor  the  passage  of  colloids  throt^h  membranes. 

That  endosmosis  takes  place  in  the  intestinal  tract,  through  the  raticoiis  mem- 
brane and  the  delicate  membranes  of  the  blood  and  lymph  capillaries,  cannot  be 
denied.  On  the  one  side  of  the  raembranef  within  the  intestine,  are  relatively 
concentrated  solutions  of  highly  diffusible  salts,  peptones,  sugar  and  soaps,  and 
within  the  blood  vessels  are  the  colloids  which  are  scarcely  diffusible,  ^.^.,  the 
proteids  of  blood  and  lymph. 

II.  Filtration  is  tbepasMge  of  fluids  through  tlic  coarse  intcrraolecular  pores  of  a  membrane 
owing  to  pressure.  The  greater  the  presMUv,  and  thr  larger  and  more  numcrmu  the  {khcs,  the 
more  r^d  does  the  fluid  pau  through  the  membrane;  increase  of  temperature  also  accelerates  it. 
These  sobitances  which  ore  imbibed  Ijy  the  otemlirane  filter  most  rapidly,  so  that  the  same  substance 
fihcn  throu^  different  membranes  with  varying  rapidity.  The  filtration  is  usually  slower,  the  greater 
the  concentration  of  the  fluid.  The  I'llter  has  the  property  of  retaining  some  of  the  sub.iKaooes  from 
the  solution  |»Ming  through  it,  eg.,  coltotd  substaoces— or  water  (in  dilute  mlutions  of  nilrc).  In  the 
fnrmer  cote  the  lillrnle  is  mure  dilute,  in  tlie  latter  more  concentrated,  tlian  tiefore  filtration.  Other 
wilistanccs  tilter  without  undo-guing  any  change  of  concentration.  Many  membranei  behave  differmtly, 
according  to  which  Mirface  is  placed  next  the  lluid ;  ihuii  the  shell  membrane  nf  an  e^^  permits  6UrB- 
lion  only  from  witliout  inward  ;  [and  llie  some  is  true  to  a  much  \ts»  exlenl  with  filter  paper;  the 
smooth  side  of  the  filter  paper  ought  always*  to  l>c  ploced  next  the  Huid  to  he  filtered.  The  inlncl  skin 
0/  the  grape  urevenia  the  entrance  of  fungi  into  the  &uil].  There  is  a  similar  difference  with  the  gastric 
ami  IntesUnai  mucous  membrane. 

[By  using  numerous  layers  of  fdtcr  paper,  many  colloids  and  crystalloids  are  retained  in  the  tilter,  ej'., 
hnonoglobin,  albumin,  aixl  many  coloring  inoUcrs.  especially  aniline  colors,  the  last  t>etng  arrested  by 
^oas  wool  (AVvi/fii*i)  ] 

^Filtration  of  Albumin. —  Kunettcrg  finds  thai  the  amount  of  albumin  in  f>athologica]  transu- 
dations varies  with  (i)  the  capillary  area,  being  least  in  rvdeina  of  the  subcutaneous  tissue.     (2)  Tha 
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presence  or  absence  of  inflammaisry  proeasa  in  the  tascuIot  wall,  non-inflanunatory  pleuritic  efiu- 
sjon  containinf;  2  per  cent.,  and  mtl&tnmatory  6  per  cent,,  of  altnimin.  (3)  The  condition  and  atnoonC 
of  albumin  in  the  blooJ.  The  amoual  of  a1l>umiti  in  the  transudate  never  reaches,  although  il  some- 
times approaches,  that  in  blood.  In  ascites  in  general  dropciy  the  amount  u  .03  to  .04  per  cent.  (4) 
Tbc  i/uriiiion  of  ihe  transudation.  (5)  ^c^nf^^6  the  blood  pressure  and  ihe  coodilioo  of  tfac 
circulation.] 

Filtration  of  the  soluble  substance  may  take  place  from  the  canal  of  the 
digestive  tract  when  :  (i)  The  intestine  contracts  and  thus  exerts  pressure  upon  its 
contents.  This  is  possible  when  the  tube  is  narrowed  at  two  points,  and  the 
musculature  between  these  two  points  contracts  upon  the  fluid  contents.  (2) 
Filtration,  under  negative  pressure,  may  be  caused  by  the  villi  {BrScke). 
When  the  villi  contract  energelicalty,  they  empty  their  contents  toward  the 
blood  and  lymph  vessels.  The  lacteal  reniains  empty,  as  the  chyle  is  prevented 
from  passing  backward  into  the  origin  of  the  lacteal  within  the  villi,  owing  to  the 
presence  of  numerous  valves  in  the  lymphatics.  When  the  villi  relax,  they  are 
refilled  with  fluids  from  the  intestine. 

192.  ABSORPTION  BY  THE  INTESTINAL   WALL.— I.  True 

solutions  undoubtedly  pass  by  endosmosis  into  the  blood  vessels  and  lymphatics 
of  the  intestinal  walls,  but  numerous  facts  indicate  that  the  protoplasm  of  the  cells 
lakes  an  active  part  in  the  process  of  absorption.  The  forces  concerned  liave  not 
as  yet  been  proved  to  be  purely  physical  and  chemical  in  their  nature. 

(i)  Inorganic  Substances.— AVater  and  the  soluble  salts  necessary  for 
nutrition  are  easily  absorbed,  the  latter  especially  by  the  blood  and  lymph 
vessels.  When  saline  solutions  pass  by  endosmosis  into  the  vessels,  water  must 
pass  from  the  intestinal  vessels  into  the  intestine.  The  amount  of  water,  how- 
ever, is  small,  owing  to  the  small  endosmotic  equivalent  of  the  salts  to  be  absorbed. 
More  salts  are  absorbed  from  concentrated  than  from  dilute  solutions.  If  large 
quantities  of  salt,  with  a  high  endosmotic  equivalent,  e.  g-t  raagnesiun  or  sodium 
sulpliate,  are  introduced  into  the  intestine,  these  salts  retain  the  water  necessary 
for  their  solution,  and  may  thus  cause  diarrhoea.  Conversely,  when  these  sub- 
stances are  injected  into  the  blood,  a  large  quantity  of  water  passes  from  the 
intestine  into  the  blood,  so  that  constipation  occurs,  owing  to  the  dryness  of  the 
intestinal  contents  {Audert). 

[M.  Hay  concludes  froni  his  experiments  {\  161),  that  salts,  wbeu  placed  in  tlie  tntc^iDe&,  do  not 
atistract  water  fmni  the  l>lnod,  or  ore  Ihenutclvcs  abiiorbcd,  in  virtue  uf  an  endoemnlic  relation  being 
established  t>etwecn  the  blood  and  the  saline  solution  in  the  intestines.  Absorption  is  probably  due 
to  the  filtration  and  difTuMon,  or  processes  of  inhibition  other  llian  endosmosis,  as  yet  Uttlc  underMood. 
The  result  obtained  by  Auhert.  which  is  not  constant,  is  mostly  caused  b}-  Ihe  great  diuresis  which  the 
injected  salt  excites.]  1  be  absorption  of  fluids  takes  place  best  at  a  medium  pressure  of  So  to  I40 
C.  cm.  of  water  within  the  intestine ;  hi);her  pre^^sure  compresses  the  blood  vc!»sel«  and  diminishes  the 
absorption.  During  digestion,  owing  to  the  dilntation  of  tlic  vckscIs,  absorption  is  more  rapid.  The 
fact  that  0.5  per  cent,  solution  of  NaCl  is  alrsorlxxl  IxHicr  than  water,  and  soda  solution  than  |x)Cash 
solution,  seems  to  show  that  phj^cal  forces  are  not  the  only  factors  concerned. 

Nimiernus  inorjpuiic  substances,  which  do  not  occur  in  the  body,  are  alworbcd  by  endosmosis  from 
the  intestine,  e-g;  dilute  sulphuric  acid,  potassium  iodiite,  chlorate  and  bmmidr,  and  many  other  salts. 

(2)  The  soluble  carbohydrates,  such  as  the  sugars,  of  which  the  chief 
representatives  are  dextrose  and  maltose,  with  a  relatively  high  endosmotic 
equivalent.  Cane  sugar  is  changed  by  a  special  ferment  into  i  n  vert -sugar  (§  1S3,  5). 
Absorption  appears  to  take  place  somewhat  slowly,  as  only  very  small  quantities 
of  grape  sugar  are  found  in  the  chyle  vessels,  or  the  portal  vein,  at  any  time. 
According  to  v.  Mering,  the  sugar  passes  from  the  intestine  into  the  rootlets  of  the 
portal  vein  ;  dextrin  also  occurs  in  the  portal  vein.  When  the  blood  of  the  portal 
vein  is  boiled  with  dilute  sulphuric  acid,  the  amount  of  sugar  is  increased.  The 
amount  of  sugar  absorbed  depends  upon  the  concentration  of  its  solution  in  the 
intestine;  hence  the  amount  of  sugar  in  the  blood  is  increased  after  a  diet  con- 
taining much  of  this  substance,  so  that  it  may  appear  in  the  urine  \  in  which  case 
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the  blood  roust  coDtain  at  least  0.6  per  cent,  of  sugar  A  small  amount  of  cane 
sugar  has  also  been  found  in  the  blood  ( Ci.  Bernard),  The  sugar  is  used  up  in 
the  bodily  metabolism  ;  some  of  it  is  perhaps  oxidized  in  the  muscles  (§  1 76). 

(3)  1*5^  peptones  have  a  small   endosmotic  equivalent,  a  a  to  9  per  cent. 
solution  =^  7  to  10.     Owing  to  their  great  diffusibility  they  are  readily  absorbed, 
ajid   they  are  the  chief  representatives  of  the  proieids  which  are  absorbed.     The 
amount  absorbed  depends  upon  the  concentration  of  theirsolution  in  the  intestine. 
"When  animals  are  fed  on  peptones  (with  the  necessary  fat  or  sugar),  they  serve  to 
Fnaintain  the  body  weight.     [According  to  Plosz  and  Gyorgyai,  Drosdorff  and 
Schmidi-Mulheim,  peptones  occur  only  in  traces  in  the  blood  of  the  portal  vein. 
>reumeister>  however,  using  the  best  methods,  finds  that  although  peptones  are 
abundant  in  the  intestine,  not  a  trace  of  peptone  or  of  the  albumoses  is  found 
either  in  the  blood  or  lymph.     This  coincides  with  Hofmeister's  researches,  and 
is,  of  course,  opposed  to  the  results  of  the  above-named  observers.    As  no  peptones 
or  albumoses  have  been  found  in  the  blood,  and  as  they  can  compensate  for  the 
total   metabolism  of  the  proteids  within  the  body,  we  must  assume  that  they  are 
rapidly  converted  into  albuminous  bodies.]     Hofmeisier  supposes  that  the  leuco- 
cytes absorb  the  peptones  and  act  as  their  earners,  much  as  the  red  corpuscles  are 
oxygen  carriers.     They  carry  the  i>eptones   into   the   mucous  membrane  of  the 
stomach  and  small  intestine,  which  are  very  rich  in  peptone  at  the  fourth  hour  of 
<ligestion.     [The  number  of  leucocytes  is  greatly  increased  in  the  mucous  mem- 
brane, especially  in  the  stomach  and  upper  part  of  the  duodenum,  during  diges- 
tion, and  diminished  during  fasting  in  dogs  and  cats.     The  same  is  the  case  with 
the  lymph  follicles,  the  cells  of  which  are  formed  by  the  division  of  the  pre-exist- 
ing cells.]     It  is  asserted  by  Salvioli  that   the  mucous  membrane  possesses  the 
property  of  changing  peptone  into  albumin. 

[Injection  of  Peptone  into  Blood. — When  peptone  i>  injected  into  the  blood  of  nn  animal, 
wiUtin  tMfrnty  minutes  thereafter  no  trace  of  the  peptone  is  to  l>c  found  in  Ihc  blood,  although  it  bos 
not  been  excreted  \rj  any  of  the  organs.  Peptones  so  injected  prevent  the  blood  of  the  dog  (not  of  the 
ntbfajt  or  tiig)  from  coagulating.  In  Inrgc  <iuantity  they  are  fatal.  Fano  as»ert!i  that  the  peptone  la 
lalten  up  liy  the  red  blood  coqjuscles,  which  thus  become  of  greuter  specific  gravity,  and  change  it 
into  globulin.  After  lliree  or  more  hours  the  corpu-sclca  return  the  globulin  to  the  blood,  so  that  the 
coqiusclcs  reprc.sc-nt  a  reserve  sore  of  proicid.  The  peptones  used  In  these  exi>erimeiit>  were  really 
1  Biixture  of  |)e[rt(!ne«  and  albumoses.  Xeunici&ler  finds  that  In  the  do|j,  wh<-n  albumoses  are 
injected  into  the  blood  they  reappear  in  the  urine,  but  somewhere  in  the  Iwly  they  undei^o  hydra- 
tion ID  the  scn^e  in  which  peptic  digestion  cuui^es  hydration.  The  two  primary  albiunoseft  reappear 
olnxHt  completely  05  dcutero-nlbumo«e,  and  deutero^aUnimose,  when  introduced,  reappears  as  pep> 
lone.  Peptone,  however,  reappears  unchanged.  la  rabbits,  albumose  reappears  unchaoged  in  the 
onoe.] 

(-»}  Unchanged  true  proteids  filter  with  great  difficulty,  and  much  albumin 
remains  upon  the  filter.  On  accoutU  of  their  high  endosinolic  equivalent  they 
pass  with  extreme  slowness,  and  only  in  traces,  through  membranes.  Neverthe- 
less, it  has  been  conclusively  proved  that  unchanged  proteids  can  be  absorbed 
{Bh$cki)j  f.  g.^  casein,  soluble  myosin,  alkali-albiiminate,  albumin  mixed  with 
common  salt,  gelatin  {Voit^  Bauer^  Bichkorst),  They  arc  absorbed  even  from 
the  large  intestine  [^Czemy  and  Latsehenberger)^  although  the  human  large  intes- 
tine cannot  absorb  more  than  6  grms.  daily.  But  the  amount  of  unchanged 
proteids  absorbed  is  always  very  much  less  than  the  amount  of  peptone. 

Egg  albumin  without  common  .salt,  srntonin.  serum  albumin,  and  fibrin  are  not  absorbed  {Euk* 
k^nt).  I^Andois  observed  in  the  cuac  of  a  youiiy  man  who  took  the  whites  of  I4  to  30  eggs  along 
vith  NaCI,  that  albumin  was  given  off  bj-  the  urine  for  4  to  lo  hours  thereafter.  The  amount  of 
aJbamin  given  off  rose  until  the  third  day,  and  ceased  on  the  fifth  day.  'Ilie  more  albumin  taken, 
the  KMoer  the  albuminuria  nppe-ircd,  and  the  longer  it  lasted.  The  unchanged  egg  albumin  re- 
tDpocet]  in  the  uriuc.  If  cg^  ult>uniin  be  injected  into  the  blood,  pan  of  it  reappears  in  the  uriue 
(1  41,  2)  {Stekvis.  Lehmattn). 

(5)  The  soluble  fat  soaps   represent  only  a  fraction  of  the  fats  of  the  food 
'which  are  absorbed;   the  greater  part  of  the  neutral  fats  being  absorbed  in  the 
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form  of  very  fine  particles — as  an  emulsion  (§  192,  II).  The  absorbed  soaps 
have  been  found  in  (he  chy/e,  and  as  the  blood  of  the  portal  vein  contains  more 
soaps  during  digestion  than  during  hunger,  it  has  been  assumed  that  the  soaps 
pass  into  the  intestinal  blood  capillaries.  The  investigations  of  Lcnz,  Bidder, 
and  Schmidt,  render  it  probable  that  the  organism  can  absorb  only  a  limited 
amount  of  fat  within  a  given  period  ;  the  amount  perhaps  bears  a  relation  to  the 
amount  of  bile  and  pancreatic  juice.  The  maximum  per  kilo,  (cat)  was  0.6 
grm.  of  fat  per  hour. 

Perhaps  the  soaps  reunite  with  glycerine  in  the  jjarenchyma  of  the  villi,  to  form 
neutral  fats,  as  Perewoznikoff  and  Will  found  neutral  fats,  after  injecting  these 
two  ingredients  into  the  intestinal  canal,  while  Ewald  found  that  fat  was  formed 
when  soaps  and  glycerine  were  brought  into  contact  with  the  fresh  intestinal 
mucous  membrane.  Perhaps  this  is  the  explanation  of  the  observation  of  Knich, 
who  fuund  fatly  particles  within  the  blood  vessels  of  the  villi.  No  fatty  acids 
are  found  in  blood,  or  chyle. 

Absorption  of  other  Substances. — Of  tolubte  nibstRnces  which  ore  Introduced  into  the  intes- 
[iaai  caiiaJ,  some  are  utisorlMxl  and  others  arc  not.  The  rollowins  arc  nlisorLicd :  alcohol,  port  of 
which  appenr^  in  ihe  urine  (not  in  the  expired  air),  vis.,  that  part  which  'v>  not  changed  into  CO,  and 
I [jO,  witliin  the  bod)* ;  tartaric,  citric,  malic,  and  lactic  acids;  glycerine,  inulin ;  gum  and  vegetable 
mucin,  which  give  rise  to  the  formation  of  (tlycogiti  in  the  liver. 

Among  coloring  matters,  ali/arin  (from  niadiier),  alkannw,  indigo-sulphuric  acid,  and  its  soda 
.lalt  are  absorbed ;  b.-i:maun  i»  partly  absorbed,  wliile  cbluro^ihyll  i&  not.  Metallic  salts  Acem  to  be 
kept  in  salulion  l>y  protcids,  are  perhaps  alworl>cd  along  vritli  them,  and  are  partly  carried  l»y  the 
blood  of  the  t>ortal  vein  to  the  li%-cr  (ferric  sulphate  bos  been  found  in  chyle).  Numerous  poiaons 
are  very  rapidly  alworlwd,  t.  g.,  hydrocyanic  acid  after  a  few  seconds ;  potas^um  cyanide  has  l>een 
found  in  llic  chyle.  [If  salts  {KI.  sulphocynnide  of  ammonium!  l»c  injected  into  a  ligatured  loop  of 
intestine  (dog,  cat,  rabbit),  these  substances  arc  absorbed  both  by  the  blood  and  lymph  veMwls,  and 
in  both  nearly  simultaneously.]  Kveii  for  the  absorption  of  comj^lelrty  fluid  substances,  cndosmosis 
And  filtration  Mcm  to  be  scarcely  sutficicnt.  \i\  active  panicipation  of  the  protoplasm  of  tlic  cells 
seems  here  also — in  part  at  least — to  l»e  ncccvsar)-.  else  it  is  difSul:  to  explain  how  very  slight  dis- 
turbances in  the  aciiviiy  of  these  cells,  e.  g.,  from  in[e:Ttiual  catarrh,  cause  sudden  variiitioas  of  lUworp- 
tton,  and  even  the  passage  nf  fluids  Into  the  inlcsiinc. 

If  alaorption  were  due  to  diffusion  alone,  when  alcohol  is  injected  into  the  intestine,  water  ought 
to  pass  intn  the  intestine,  but  this  does  not  occur.  Ilritiger  found  that  the  injecliun  of  n  0,5  to  i  per 
cmt.  solution  of  saTu  Into  a  ligatured  loop  of  intestine  did  not  cause  water  to  pass  into  the  iniealine; 
but  it  appeared  when  s.  20  per  cent,  solution  was  injected. 

II.  Absorption  of  the  Smallest  Particles. — The  largest  amount  of  the 
fats  is  absorbed  in  the  form  of  a  milk-Uke  emulsion,  formed  by  the  action  of 
the  bile  and  the  pancreatic  juice,  and  consisting  of  excessively  small  granules  of 
uniform  size  (§170,  III;  jj  181).  The  fats  themselves  are  not  chemically 
changed,  but  remain  as  undecomposed  neutral  fats.  The  particles  seem  to  be 
surrounded  by  a  delicate  albuminous  envelope,  or  haptogen  membrane,  partly 
derived  from  the  pancreatic  juice  [probably  from  its  alkali-alburainate].  The 
villi  of  the  small  intestine  arc  the  chief  organs  concerned  in  the  absorption  of  the 
fatty  emulsion,  but  the  epithelium  of  the  stomach  and  that  of  the  large  intestine 
also  take  a  part.  The  fatty  granules  are  recognized  in  the  villi  (i>  Within  the 
delicate  canals?  (§  190)  in  the  clear  band  of  the  epithelium  (Kd//iker).  [It  is 
highly  doubtful  if  the  vertical  lines  seen  in  the  clear  disk  of  the  epithelium  of  the 
intestine  are  due  to  pores.]  (2)  The  protoplasm  of  the  epithelial  cells  is  loaded 
with  fatty  granules  of  various  sizes  during  the  time  of  absorption,  while  the  nuclei 
of  the  cells  remain  free,  although,  from  the  amount  of  fat  within  the  cells,  it  is 
often  difficult  to  distinguish  them.  (3)  The  granules  pass  into  the  spaces  of  the 
parenchyma  of  the  villi ;  these  spaces  communicate  freely  with  each  other.  (4) 
The  origin  of  the  lacteal  in  the  axis  of  the  villus  is  found  to  be  filled  with  fatty 
granules.  The  amount  of  fat  in  the  chyle  of  a  dog,  after  a  fatty  meal,  is  8  lo  10 
per  cent.,  while  the  fat  disappears  from  the  blood  within  thirty  hours. 

With  regard  to  the  forces  concerned  in  the  absorption  of  fats,  v.  Wist- 
inghausen  proved,  that  when  a  porous  membrane  is  moistened  with  bile,  the 
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of  fatty  particles  through  it  is  thereby  facilitated,  but  this  fact  alone  does 
not  explain  the  copious  and  rapid  absorption  of  fats.    It  is  possible  that  the  proto- 
plasm of  the  epithelial  cells  is  actively  concerned  in  the  process,  and  that  it  takes 
the  particles  into  its  interior.     Perhaiw  a  fine  protoplasmic  process  is  thrown  out 
by  these  cells,  just  as  pseudopodia  are  thrown  out  and  retracted  by  lower  organ- 
isms.     It  is  possible  that  absorption  may  take  place  through  the  open  mouths  of 
the  goblet  cells.     The  protoplasm  of  the  epithelial  cells  is  in  direct  communica- 
lion   with  the  numerous  protoplasmic  lymph  cells  within   the  reticulum  of  the 
villi,   so   that   the  particles  may  pass  into    these,   and   from   them   through    the 
Stomata  (?)  between  the  endothelial  cells  into  the  central   lacteal  of  the  villus. 
According  to  this  view,  the  absorption  of  fatty  particles,  and   perhaps  also  the 
absorption  of  true  proteids,  is  due  to  an  active  vital  process,  as  indicated  by  the 
observations  of  BrQcke  and  v.  Thanhoffer.     This  view  is  supported  by  the  obser- 
vation of  GrOnhagen,  that  the  absorption  of  fatty  particles  in  the  frog  is  most 
active  at  the  temperature  at  which  the  motor  phenomena  of  protoplasm  are  most 
lively.     That  it  is  due  to  simple  filtration  alone  is  not  a  satisfactory  explanation, 
for   the  amount  of  fatty  particles  in  the  chyle  is  independent  of  the  amount  of 
-water  in  it.      If  absorption  were  chiefly  due  to  filtration,  we  would  expect  that 
there  would  most  probably  be  a  direct  relation  between  the  amount  of  water  and 
fat  (^Ludivig  ami  Zawilskf).     [The  observations  of  Watney  liave  led  him  to  sui> 
pose  that  the  fatty  particles  do  not  pass  through  the  cell  protoplasm  to  reach  the 
lacteal,  but  that  they  pass  through  the  cement  subsiance  between  the  epithelial 
cells  covering  a  villus.     If  this  view  be  correct,  the  absorbing  surface  is  thereby 
greatly  diminished.     Zuwarykin  and  Schafer  suggest  that  the  leucocytes,  which 
have  been  observed  between  the  columnar  cells  of  the  villi  of  the  small  intestine, 
are  carriers  of  at  least  part  of  the  fat  from   the  lumen  of  the  gut  to  the  lacteal ; 
they  also,  perhaps,  alter  it  for  further  use  in   the  economy,     According  to  Zu- 
warykin, Peycr's  patches  in  the  rabbit  seem  to  be  especially  active  in  the  absorp- 
tion of  fat,  so  that  he  attaches  great  importance  to  the  leucocytes  of  the  adenoid 
tissue  in  the  absorption  of  fat.] 

r  According  to  Grilnhagcn,  there  rtrc  several  cbouDeU  for  the  absorption  of  Tats,  but  Ihey  tu-e  dlHierent 
in  difiermt  auimab.  Some  ore  atj6url)ed  bjr  ihe  culumDor  epithelium  cells  thenuelves,  a»d  siome 
paaMS  between  them.] 

The  activity  of  the  cells  of  the  intestine  with  pscudopodlal  processes  niaylic  ?itudttr(l  in  the  inteslinnl 
auial  of  Hisimnuni  hqiaiicum.  Sommer  has  ligured  these  p&eudopodiiU  proces-^s  actively  engaged 
io  the  absorpliou  of  piuticlcs  ffom  the  intestine. 

P  193.  INFLUENCE  OF  THE  NERVOUS  SYSTEM.— With  regard 
10  the  influence  of  the  nervous  system  upon  intestinal  absorption,  we  know  very 
little.  After  extir[iation  of  the  semilunar  ganglion,  as  well  as  after  section  of  the 
mesenteric  nerves  {Moreau)^  the  intestinal  contents  become  more  fluid,  and  are 
increased  in  amount  (§  183).  This  may  be  partly  due  to  diminished  absorption. 
V.  Thanhofler  states  that  he  observed  the  protrusion  of  threads  from  the  epithelial 
cells  of  the  small  intestine  only  after  the  spinal  cord,  or  the  dorsal  nerves,  had 
been  divided  for  some  time. 

194.  "NUTRIENT  ENEMATA.'*— Tn  cav:s  where  friod  cannot  lie  taken  by  the  mouth, 

<.g.t  in  siricturcof  ilic  (chophayu.sconiinucJ  vomitiiiK.  etc.,  fowl  is  given  per  rccium.    As  the  diffestJTe 

'  acUvity  of  til?   large   i^te^tI^e  is  very  sliglil,  Huid   focd  uught  In  be  given  in  a  condition  ready  Io  be 

'  ed,  and  this  is  best  done  by  inUcKluctng  it  into  Ihe  rectum  through  a  tube  with  a  funnel  attached, 

_9l  ftUowtii^  the  Ibod  to  pa<a  in  slowly  by  its  own  weight.     The  patient  mu»l  endeavor  to  rclain  the 

r>awnw  u  loog  as  poaaiblc.     VVhcn  the  Buid  is  slowly  and  gradually  introduced,  it  may  pass  alx>ve  the 

'  sltD  csecftl  valve. 

Soluliom  of  grope  suf;ar,and  perhaps  a  small  amount  of  9onp  solution,  are  useful:  and  among  nltro- 
ACDOU  iDloUUKes  the  cuinmercinl  lle^li-.  Wead-,  or  milk  peptones  uf  Suiidersll/n,  Ailnmkiewicr,  in 
Gennany,  and  Darby's  Buid  meat,  and  Canirick's  Wef  ]>eptonoids  in  this  countn*,  arc  to  lie  recom- 
moided.  Hie  amount  of  pcpionc  rc<iuired  is  i .  1 1  grm.  per  kilo,  of  Ixidy  weight  ( Caiilien ) ;  \tsA  mcfid 
are  buttermilk,  egg  albumin  with  common  salt.  I.cul)c  u.ses  a  mixture  of  1 50  grm:^.  fle.<ih  with  50 
fiBU.  paDcreas  aad   100  grms.  water,  which  he  slowly  injects  into  the  rectuin,  where  the  proteids 
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vt  pqitooized  and  absorbed.  [Peplonized  food  prepared  after  the  method  of  Roberts  ii 
iiseiiil  ($  173)-]  The  method  of  nuiriem  enematn  only  pennits  imperfect  nulriUon,  and  at 
only  !^  of  the  proteids  tiecessarv  for  maintaining  the  nielatioli!im  of  the  body  u  alaorbed  {v,  Vai 

195.  CHYLE  VESSELS  AND  LYMPHATICS.— Lymphatics.— WUhin  the  ttaues  of 
the  body,  and  even  in  thos«  tifisues  which  do  not  conlnin  hlood  vessels,  e.g.,  the  cornea,  or  in  thoae 
which  contain  few  blood  vessels,  there  exists  o  sj-steni  of  vessels  or  channeU  which  coniaiu  ihe  juico 
of  the  tissueji,  and  within  these  ve&scU  the  fluid  always  moves  in  a  centripetal  direction.  These  canab 
arise  within  the  tissues  in  a  variety  of  ways,  and  umle  in  their  course  to  form  dehcole  and  afterwanl 
thicker  tii)>cs,  which  ultimately  terminate  in  two  large  trunks  which  o|>en  al  the  juticliun  of  the  jtipl 
lor  and  sul>clavian  veins;  (hat  on  the  left  side  is  the  thoracic  duct,  and  that  on  the  right,  the  rifht 
lymphatic  trunk. 

With  regard  to  the  lymph  and  its  movements  in  different  organs^  it  is  to  be 
noticed  that  this  occurs  in  different  ways  in  different  places.     (1 )  In  many  tisities 
the  lymphatics  represent  the  nutrient  channels  by  which  the  fluid  that  transudes 
through  the  neighboring  vessels  is  distributed,  as  in  the  cornea  and  in  many  con-      1 
nective  tissues.     (2)  In  many  tissues,  as  in  glands,  e.^.^  the  salivary  glands  and      ( 
the  testis,  the  lymph  spaces  are  the  chief  reservoirs  for  fluid,  from  which  the 
cells  during  the  act  of  secretion  derive  the  fluid  necessary  for  that  process.     (3) 
The  lymphatics  have  the  general   function  of  collecting  the  fluid  which  saturates 
the  tissues,  and  carrying  it  back  again  to  the  blood.     The  capillary  blotxl  system 
may  be  regarded  as  an  irrigation  system,  which  supplies  the  tissues  with  nuiri- 
ent  fluids,  while  the  lymphatic  system  may  be  regarded  as  a  drainage  apparatus, 
which  conducts  away  the  fluids  that  have  transuded  through  the  capillary  walti^H 
Some  of  the  decomposition  products  of  the  tissues,  proofs  of  their  retrogressiv^^^ 
metabolism,  become  mixed  with  the  lymph  stream,  so  that  the  lymphatics  arc  al 
the  same  time  absorbing  vessels.     Substances  introduced  into  the  parenchyma 
of  the  tissues  in  other  ways,  e.  g.^  by  subcutaneous  injection,  arc  partly  absorbed 
by  the  lytnphalics.     A  study  of  these  conditions  shows  that  the  lymphatic  system 
represents  an  appendix  to  the  blood-vascular  system,  and  further  that  there 
can  be  no  lymph  system  when  the  blood  slreara  is  completely  arrested ;  it  acts 
only  as  a  part  of  the  whole,  and  with  the  whole. 

Lacteals. — When  we  speak  of  the  lymphatics  proper  as  against  the  tftyU 
vessels  or  iacUais,  we  do  so  from  anatomical  reasons,  because  the  important  and 
considerable  lymphatic  channels  coming  from  the  whole  of  the  intestinal  tract 
arc,  in  a  certain  sense,  a  fairly  independent  province  of  the  lymphatic  vascular 
area,  and  are  endowed  with  a  high  absorptix>e  activity^  which,  from  ancient 
times,  has  attracted  the  notice  of  observers.  The  contents  of  the  chyle  vessels 
or  lacteals  are  mixed  with  a  large  amount  of  fatty  granules,  giving  the  chyle  a 
white  color,  which  distingmshes  them  at  once  from  the  true  lymphatics  with 
their  clear,  watery  contents.  From  a  physiological  point  of  view,  however,  the  lac- 
teals must  be  classified  with  the  lymphatics,  for,  as  regards  their  structure  and 
function,  they  are  true  lymphatics,  and  their  contents  consist  of  true  lymph  mixed 
with  a  large  amount  of  absorbed  substances,  chiefly  fatty  granules.  ['Ilie  con- 
tents of  the  lacteals  are  white  only  during  digestion  ;  at  other  times  they  are  ctearp 
like  lymph.] 

X96.  ORIGIN  OF  THE  LYMPHATICS. —  (1)  Origin  in  Spaces.— Whhin  ihe  coa- 

nective  tissues  (connective  ti<;i»ne  proper,  l)one|  ore  numerous  stellaie,  irregular  or  Ivranched  apacca, 
which  communicate  with  each  other  by  numerous  tubular  processes  (Fig.  3l6,  j);  in  ihar  coi 
municalijig  spaces  lie  llic  cellular  clenieiits  of  these  tissues.  Thc^e  spacer,  howrYer,  are  not  com- 
pletely filled  by  the  cells,  but  on  interval  exists  l»etween  the  body  oi  the  cell  and  the  wall  of  the 
space,  which  is  greater  or  less  according  to  the  condition  of  moven>cnt  of  the  protoplasmic  cell.  Theve 
spaces  are  the  so-called  •■  juice  canals  "  or  "  Saft-canSlchen,"  and  they  represent  th«  origin  of  the 
lymphatic  vessels  (iv  Hf(kiiHi;h<tuitH\.  A:>  tlicy  conunutiicate  with  neiglitonng  spaces,  the  move- 
ment of  the  lymph  U  provided  for.  Tlie  cells  which  lie  in  the  &pAces  r-khibit  amtelxiid  movoDmlL 
Some  of  these  cells  remain  permanently,  each  in  its  own  space,  within  which,  hnwcvcr,  it  ntjr 
change  its  form — these  are  the  so-callcil  "  fixed  connective-tiasue  corpuscles,"  and  Ixwe  cocpos- 
clea — while  others  merely  wander  or  piM  into  these  spaces,  and  are  called  "  wandering  ceUa," 
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or  **  leucocyte!  ; "  but  the  lailcr  are  merely  lymph  corpuscles,  or  colorless  blood  corpuscle*  which 
hATe  paised  out  of  the  blood  vc^jielii  into  the  origin  of  the  lymphatics.  These  cells  exhibit  Amre- 
boid  moveinents.  lliese  spaces  comniunicale  with  the  small  tubular  lymphatics — the  so-calleii  lymph 
cmpiliarirs  {\S).     The  spacts  lie  close  lO|;cllier 

where  they  pass  inlo  a  K-mph  capillary  (d).  Fio,  216. 

The  lymph  capillary,  which  is  usually  of  greater 
(banieter  than  the  blood  capvllan-,  generally 
lie*  in  the  middle  of  the  simcc  within  the 
CkpillAiy  arch  (B).  The  tinc^t  l)'mphalic5  nrc 
Ined  l^  a  layer  of  delicate,  nucleated,  endo- 
thelial celU  (/,  f),  with  characteristic  sinous 
margins,  whose  characters  arc  easily  revealed 
by  the  action  of  silver  nitrate  [Fig.  217,  L). 
Tilts  substance  blackens  the  cement  sutistoncc 
which  holds  the  endotheliiil  cells  together. 
Between  the  endothelial  cells  are  small  holes, 
or  stommta.  by  means  of  which  the  lymph 
capillanca  communicate  (al  x)  with  the  juice 
canab. 

]t  19  asAumcd  by  .\inold  that  the  blood  ves- 
sels conamunicatc  with  the  juice  canals,  and 
that  Huid  |MLs>es  out  of  ibc  ihinwallcd  capil- 
laries through  their  ittomnta  into  ihcM  t^Mces 
\\  65).  This  fluid  nourishes  the  tissues,  the 
tissaes  take  up  the  substances  a|>propnatc  to 
each,  while  the  effete  niateriaU  pa.<is  back  into 
the  spaces,  and  from  the^ic  reach  the  lym- 
phacics,  which  ultimately  di>ichargc  them  into 
the  TCnoiu  blood. 

Whether  the  cells  within  these  spaces  are 
Bcthrdy  coacenied  in  the  pouring  out  of  the 
blood  plasma,  or  take  pun  in  it-^  movement,  t<i 
maRer  of  conjecture.    We  con  imagine  that  by 

contracting  thtir  body,  after  it  has  been  inifiregnatc*!  with   fluid,  this  fluid  may  be  propelled  from 
space  to  space  toward  the  lyniphatia;.     The  leucocyte,  wonder  through  these  spaces  until  ihey  jkias 

Iinco  the  lympliatic^,  fine  panicles 
irhich  are  contained  in  these  iigiaccs — 
e.g^^fS  tattooing  the  skin,  and  even 
JaUy  particles  after  inunction — are  ab- 
sorbed lo'  ihe  leucoc>lcs  and  carried  j^ 
by  them  to  other  parts  of  the  liody. 
rrbe  pigment  particles  used  lo  tatlou 
tKe  finger  ore  usually  found  within 
the  first  lymphatic  gland  at  the 
dbow.] 


\ 


Orifcinof  lymphaiiCJi  fram  theceninJ  tendon allh«  dbphracm 
Mxiiicu  with  iirtralc  li  »ilvcr,  i,  iKc  juice  cuaals,  commu- 
nlcatinn  at  x  with  ihe  Ifinphaiic*:  a.  orifln  ol  the  lym- 
phatics by  the  confiucacc  of  tcvcnl  juice  ■•t"*!' 


Fig.  217. 


« 


J^ 


.■^cs- 


f  The  migration  of  cellular 
elements  from  the  blood  ves- 
sels into  the  origin  of  the 
lymphatics  is  to  be  considered 
as  a  normal  process.  Granu- 
lar eolorin^  matter  passes  from 
the  blood  inlo  the  protoplas- 
mic body  of  the  cells  within 
the  lymph  spaces ;  and  only 
when  the  granular  pigment  is 
in  large  amount,  does  tt  ap- 
pear as  a  granular  injt^clion  in 
the  branches  of  the  juice 
spaces. 


^^ 


■*^. 


7) 


i^\   Oririn  within   villi i.  /.   of  Plewal  "urficc  of  the  ccurrul  tentlon  ol  ihe  diaphragm  of  ihembbtt 

'     I     ,      *       ,         1       .       1      V.    *  ul«  msiincd  with  »Uvcr  nttraie.     L,  lyiupliatic  with  il»  Mitiioiis  ffmlolhc- 

e  chyle  TciL!.cl  or  lacteal — nas  Ocen  j-y^j,  .  ^_  ^^  ^f  ^^^  connecilw  iImu*  hroughl  into  tU^  by  Ibc  nlvoT 

S»cribed  (j  I90).  niinile. 


the 

described 
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(3)  Origin  in  perivascular  spaces  f  Fig.  318). — The  smallest  blood  vessels  of  bone,  the  central 
nervous  sy^lem,  retina  and  the  liver,  ore  completely  swrutmded  by  wide  lyinplinlic  tubes,  so  that  the 
blood  vestels  are  coraplctcly  bathed  by  a  lymph  stream.  In  the  hrnin  these  lymphatics  are  partly 
composed  of  delicate  connective-tissue  fibres,  which  traverse  the  l^-mpli  space  and  liecome  attached 
to  the  wall  of  th<-  included  blcxxi  vessel.  Vlg.  21S,  H,  represents  a  transverse  section  of  a  small 
blood  vessel,  B,  from  the  brain ;  /  is  the  divided  perivascular  s{)ace.  This  space  is  called  the  peti- 
vBBCutar  space  of  His,  but  in  addition  to  it  the  blood  vewieU  of  the  brain  have  a  lyntph  space 
within  Ihc  ndvtrntilia  of  Ilir  blood  vessels  [  ItreAoio- ^oAin' s  ifxtce).  It  i«  partly  lined  by  well* 
dcAnctl  endoOitrtium.  Where  the  blood  vessels  b<^n  to  increase  considerably  in  dintuctcr,  tlicy  pass 
through  the  wall  of  the  lymphatto,  and  the  two  ve«>cls  aftt-rward  take  Mijaratc  courses.  In  all 
cases,  where  there  is  a  {jerivascular  t^pace,  the  pasiuge  of  l)*mph  and  blood  corpuscles  into  the  lymph' 
alie<i  x*.  Really  facilitateil.  In  the  tortoise  the  large  blood  vrsseU  ore  often  surrounded  with  perivas. 
cular  lymphatics.  V\g.  ziS,  A,  gives  a  rejirescnlation  of  the  aorta  surrounded  Iiy  a  perivascular  space 
which  is  vi>ible  to  the  unaided  rye.  In  mammals  the  [jerivascular  S[Mices  arc  microscoinc 

{4 1  Origin  in  the  fornn  of  interstitial  altts  within  organs.  — Within  the  testu  the  lymphatics 
begin  simply  in  the  form  of  numerous  sliiii,  which  occur  between  the  coils  and  twists  of  the  seminal 
tubules.  They  take  the  form  of  elongated  spaces  Ixiunded  Ijy  the  curved  cylindrical  surfaces  of  the 
tubales.  The  surfaces,  however,  are  covcreil  M-ilh  cndothchimi.  The  lymphatics  of  the  testis  get 
independent  walb  aAcr  they  leave  the  parcnchyinn  of  the  organ.     In  many  other  glands  the  glaod 


FtR.  2t8. 


Kic.  219. 


BtrivsiculKr   lyroplmtlcs.      A,    aortn  of    tartouc; 
ancry  from  itie  brain. 


StonwtA  in  the  great  lymph  »ac  ^^fo&)' 
hatf-cl«aa;  c,  closed. 


«,opeB:  4, 


sulfttancc  is  similarly  surrounded  by  a  Ij-mph  space.  The  blootl  vessels  pour  the  lymph  into  these 
spaces,  an<l  &om  them  the  secreting  cells  obtain  the  materials  necessary  for  the  formation  of  their 
secretion. 

(5)  Origin  by  means  of  free  stomata  on  the  walls  of  the  Inr^jer  serous  cavities,  which 
(Fig.  310,  •»)  cotnmuniaUe  freely  with  the  lymphatics.  The  investigation  of  the  serous  surfaces  is 
most  easily  accomplished  on  the  s<rptum  of  the  ifreat  alxlonunal  l)'Tn|>h  sac  of  the  frog.  Silver  nitrate 
reveals  the  presence  of  relatively  large  free  openings  or  stomata  lying  between  the  endothelium. 
Each  stoma  is  Ixxinded  by  several  germinating  cells,  which  have  a  granular  appearance,  and 
andergo  a  cbange  of  shape,  so  that  the  si/c  of  the  stoma  dcpcnd.s  upon  the  degree  of  coDlractioa  of 
these  cells;  ihuA  the  stoma  rnay  be  open  {a),  linir-ut>en  [6],  or  completely  closed  [t).  These  stooulft 
are  the  origin  of  the  lym|>liatics.  The  serous  cavities  l>clong  therefore  to  the  lymphatic  system,  and 
fluids  placed  in  the  serous  cavities  readily  pavs  into  the  lymphatics.  The  cavities  of  the  pcntcmeum, 
pleura,  pericardium,  tunica  vaginali.s,  tejtfis,  arachnoid  space,  miueous  chaml>ers  of  the  eye,  anil  the 
bibyrinth  of  the  ear,  are  true  ^-mph  cavities,  and  the  flui<l  they  contain  is  to  be  rcuarded  azk  lymph. 
rHoffmnnii  ha.s  found  that  n  nerve  fibre  surrounds  the  stonuua  in  the  frog  and  semis  branches  between 
Uic  germinal  epithelium.] 

(6|  Free  open  pores  have  been  observed  on  some  mucous  membranes,  which  are  regarded  u 
ilie  orijjin  of  lymphatics,  e.  ^.,  in  the  bronchi,  nasal  mucous  membrane,  trachea  and  larynx. 

Structure. — The  lorgcr  lymphadci  resemble  in  .structure  the  veins  of  corresponding  sire.  The 
valves  are  particularly  numerous  in  the  lymphatics,  na  that  a  dUtrndod  lymphatic  resembles  a  chain 
of  pearls.     [Lymphatics  have  dilations  here  and  there  in  ihetr  course  (Pig.  217).] 
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197.  THE  LYMPH  GLANDS.— ITie  lymphatic  glands  belong  10  The 
lymph  apparatus.     They  are  incorrectly  termed  glands,  as  they  are  merely  much- 
branched     lacunar    labyrin- 
thine   spaces    composed  •of  Fig.  220. 
adenoid  tissue,  and  interca- 
lated   in    the   course  of  the 
lymphatic     vessels.       There 
are  siraple  and  compound 
lymph  glands. 

(1)  Tbe  shnple  lymph  ^Unds, 
cr.morc  correctly,  lymph  roUicles, 
arc  muU  rounded  bodies,  »boul  tbe 
sue  or  a  pin  bead.  They  coDsist 
of  a  tniuu  of  adenoid  itHuc  (Fig. 
220,  A),  I.  ^..  of  A  very  dclicalr 
network  of  fine  reticular  iiim^i  \titb 
TTocIri  nl  ibrtr  {Joints  of  intersection, 

and  in  the  ^poce.  of  llir  m<>hwork  ^^  ,  ^  ^„,^,„  ^  ,  ^^,„  f„„j^.,,  y,•^^^^y  „^g„ifi,j  ,h«»i„„  ^.e 
he  the  lymph  and  the  lymph  coqsus-  sd«tioid   kikuIuri  :     U.   a  follicte  Ich    hi«lily   nuicnlficd.    thowlng 

cles.     Near  the  surfACc,  the  iis^sue  h         ir»j«cud  bkrad  veucb. 
somewhat  denser,  where  it  fonns  a 

o^ieale,  which  is  not,  however,  a  true  capsule,  as  it  ts  penneiiled  with  numerous  small  spongeHlte 
spaces.  Small  lymphatics  come  directly  into  contact  with  the«e  lynijtl)  follicles,  and  often  cover  their 
rarfisce  in  the  fonn  of  «  close  network.  The  surface  of  the  lymph  Uillicles  i^  not  imfrequenity  placed 
tn  the  wall  of  a  lymph  vcsi^t,  bo  tliot  it  L*t  directly  Uithcd  by  the  1^-mpfa  &iream.  Although  no  direct 
canal-likr  o)K-ning  leud^  from  the  follicle  into  tbe  l}inphatic  slreoni  in  relation  with  it,  n  communica- 
tion mu»t  exist,  and  this  is  oUained  by  the  nuirierous  spares  in  the  follicle  itself,  so  that  a  lymph 
follicle  is  a  true  lymphatic  apparatus  whose  juices  and  lymph  cor^niiicles  can  pass  into  the  nearest 
lymphaijc.  The  folltclcs  arc  surrounded  by  o  network  of  blood  rcsseU  which  sends  loops  of  capilla- 
ries into  their  inicrior  (Fig.  220,  B).  We  may  asBume  thai  lymi^ti  cotpusclo  pas6  from  thcic  capil- 
laries into  the  follicle. 

In  connection  with  these  folHcIcK,  including  those  of  the  hock  of  the  tongue,  the  so'itary  glands  of 
the  intestine  aimI  the  adenoid  tlsHite  in  the  bronchial  tract,  the  tonsils,  and  I'eyer's  patches,  it  is  import* 
«ni  torrtoemtier  that  cnonnous  num- 
bers of  Icucocncs  pass  out  between  Fin.  221. 
ibe   epithelial   cells  covering  thes« 
follicles.     'Ilie   eitiuded  leucocytes 
undergo  di]dnte;(rration  sul»equently. 

(a)  'ITie  compound  lymph 
^lutda — tbe  lymphatic  glanda — 
represcru  a  collection  of  lympb  folli- 
cles, whose  form  is  somewhat  altered. 
Every  lymph^gland  is  corercd  exter- 
nally with  a  conncctivc-{if«ue  cap- 
sole  (Fig.  221.  r),  wbicli  contains 
lUUiMxous  non-striped  muscular  fibres. 
From  its  inner  sur&cc.  numerous 
8«pta  and  irabecutie  |/r.)  pass  into 
tbe  mtcrior,  so  that  the  gland  9ul>- 
atance  is  divided  inloalar]fe  nuint»er 
of  ccHiipartments.  These  com 
pmroents  in  the  forfiial  portion  of 
the  gland  have  a  wmewhal  rounded 
fona,  and  constitute;  thr  alveoli,  while  trr 

in  (he  medullary  portion  tbey  hav«  a 
more  eloagated  and  irrc^lar  form. 
[On  making  a  section  of  a  Uniph 


#J> 


ITrreni,  ^.  A.cfTcrvnl 

conJ^  of  me<lulU ; 


gland  we  can  readily  distinguish  the    ObKrammatIc  Mctlon  of  a  lymphMlc  Kl^nd.  a.  t..»\ 
cortical  from  the  medullary  pro-        ly«pj«ila;  C.  conial  wb^nce ;  «•  "^'c..'.. 

.    ,  ,        ,1     *■«"•  -'j^  r"^  A/     lymph  «fiun;  f.opftule.  with  iralHiCuljc./r. 

(ion   of  the  gland.]     All  the  com-  '  '    ^ 

panmenu  arc  of  er^ual  dignity,  andjthey  oil  cooimunicate  with  each  other  \vf  meatui  of  opoiint^  so 
iliat  the  septa  boand  ■  rich  nrtwork^of  *|iaccs  within  tbe  gland,  which  comniunicaie  on  all  sides  with 
each  other. 
These  spaces  are  traversed  by  tbe  follicular  threads  (F^.  2aa,/,/).    These  represent  the  coo- 
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tentA  of  the  spaces,  bul  are  smaller  than  the  spaces  in  which  they  lie,  oiid  do  uoi  come  into  contact 
nnywhere  with  the  walU  of  the  sjwices.  If  we  imagiiic  the  siwce5  to  be  injected  with  a  mass,  which 
uhimately  shrinks  to  one-half  of  its  original  volume,  we  obtain  a  conception  of  the  relation  of  these 
follicular  threads  tn  the  spaces  of  the  gland.  The  blood  vessels  of  the  gland  [h]  lie  within  thes< 
follicular  ibreads.  They  are  surrounded  by  a  tolerably  thick  crust  of  adenoid  tissue,  with  very  fine 
meshes  (j-,  ;r)  Riled  with  lymph  corpuiitcleB,  and  with  its  surface  {0,0)  covered  by  the  cells  of  (he 
adenoid  reticulum,  in  such  a  way  as  to  leave  free  communications  throu};h  the  narrow  meshes. 

Between  the  surface  of  the  follicular  threads  and  the  inner  wall  of  all  the  spacer  of  the  gland, 
lies  the  lymph  channel  or  lymph  path  (11,  B),  which  is  traversed  by  a  reticulum  of  adenoid 
tiitsue.  containing  relatively  few  lymph  corpuscles.  It  is  very  probable  that  these  lymph  paths  mre 
lined  by  endothelium. 

The  vasa  affercntia  (Fig.  221,  a.  /.),  of  which  there  are  usually  several, expand  upon  the  surface 

Fin,  222. 


\ 


Kl 


^'  0 


b 

Part  of  a  Ivmplutk  (Und.  A,  van  nffcren*;  B,  B,  lymph  paith»:  m,  a,  trabccuiz  seen  on  edge  ;  X/*  foIliculArftlraM] 
from  the  mcduini:  jt,  jr,  it«  kd«nnid  reiiculun ;  6,  Kb  t>)ood  veutb;  #,  #,  lutrrow-metheir  p«n  lUaiUDB  tlic 
follicular  ttrand*  from  the  lymph  paifa. 


of  the  glantl,  jierfnriite  the  outer  CA|»t.ile,  and  pour  their  conlents  into  the  lymph  palhs  of  tTie  gland 

}C).  '1  he  vasa  eff^ercntia,  which  are  less  numerous  than  the  aJtereniia,  and  come  <:>ut  at  the  hilum. 
orm  large,  wide,  almost  cavcrnoiu  dilatations,  anil  they  anastomose  near  the  inland  {f.  /.).  Through 
(hem  Ihe  lymph  pas-ses  out  at  the  opposite  surface  of  the  gland.  The  lymph  percolates  through  the 
gland,  and  [las-ses  alon^  the  lymph  paths,  which  represent  a  kind  of  rete  mirabile  interfxised  between 
the  afferent  and  efferent  lymph  vessels. 

During  its  pa.%sage  through  thi«  complicated  branched  system  of  spaces,  the  movement  of  the 
lymph  through  the  glinii  is  retarded,  and,  owing  to  the  numerous  resistances  which  occur  in  its 
path,  it  has  very  Utile  propulsive  energy.  'l~hc  lymph  corpuscles  which  lie  in  the  meshes  of  the 
adenoid  reticulum  are  washed  out  of  the  gland  by  the  lymph  stream.  The  tvmph  corpuscles  lying 
within  the  follicular  threads  pass  through  the  narrow  meshes  (<>)  into  the  lymph  paths.  The  forma- 
tion of  lymph  coqni&cles  either  occurs  locally,  from  division  of  the  pre-existing  cells,  or  new  leuco- 
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•  wander  out  into  ibe  follicular  threads.  The  movrment  of  the  lymph  through  the  gland  is 
Dred  by  the  muscular  action  of  the  capsule.  When  ihc  capsule  contracts  energetically,  it  must 
■press  the  ctaiiil  like  a  sponge,  and  llic  direction  iii  which  tbc  fluid  moves  is  regulated  by  tliC 
litioD  and  arrangement  of  the  valves. 

Chemistry. —  Tn  addition  i>  the  constituents  of  Ijmpb,  the  fullowing  chemical  subsbinces  have 
bn  found  in  lymphatic  clan^-^-  Icucin  and  xantbin. 

:  AND  LYMPH.— Chyle  and 
fmph  are  albuminous,  colorless,  clear  juices,  containing  lymph  corpuscles, 
Ihith  arc  identical  with  the  colorless  blood  corpuscles  {^  gj.  In  some  places,  c.^., 
1^  the  lynaphatics  of  the  spleen,  especially  in  starving  animals,  and  in  the  thoracic 
IttcT,  a  few  colored  blood  corpuscles  have  been  found.  The  lymph  corpuscles  are 
ppplied  to  the  lymph  and  chyle  from  the  lymphatic  glands  and  the  adenoid 
js&ne.  As  to  their  source  see  §  200,  2.  They  also  pass  out  of  the  blood  vessels 
lud  wander  into  the  lymphatics.  As  red  blood  corpuscles  have  also  been  seen  to 
^Bsn  out  of  the  blood  vesvels,  this  explains  the  occasional  presence  of  these  cor- 

Cjscles  in  some  lymphatics  j  but  when  the  pressure  within  the  veins  is  high,  near 
c   central  orifice  of  the  thoracic  duct,  red  blood  corpuscles  may  pass  into  the 
loracic  duct.     Bui  we  are  not  entitled  to  conclude  from   their  presence  that 
nnph    cells    form    red    blood    corpuscles.        In    addition,    the    chyle    contains 
btnerous    fatty   granules,   each   surrounded   with  an    albuminous   ctivelope. 
"■hus  the  chyle,  in  addition  to  the  constituents  of  the  lymph,  contains,  especially 
ing  digestion,  a  very   large  amount  of  fat,   in    the   form  of  the  finely  cmul- 
nizcd  fat  of  the  food,  which  gives  it  its  characteristic  wA/V^  or  milky  appearance, 
iring  hunger,  the  fluid  in  the  lacieals  resembles  ordinary  lymph.     The  fine  fat 
^nules  constitute  the  so-called  *'  molecular  basis  "  of  the  chyle.] 
'Composition  of  Lymph.— The  lymph   consists   of  lymph  plasma  with 
Sxiph  corpuscles  suspended  in  it.     The  corpuscles  or  leucocytes  arc  described 
[^   34.      The  lymph  plasma  contains  the  three  so-called  fibrin  factors,  derived 
p"y  probably  Irom  the  breaking  up  of  lymph  corpuscles  (§  29).     When  lymph  is 
^Hdrawn   from  the  body,  these  substances  cause  it  to  coagulate.     Coagulation 
k^tirs  slowly,  owingto  the  formation  of  a  soft,  jelly-like,  small  "  lymph  clot," 
^ich  contains  most  of  the  lymph   corpuscles.     The  exuded    fluid    or  lymph 
l^rTim  contains  alkali  albuminate  (precipitated  by  acids),  serum  albumin  (coagu- 
p«?d  hy  heat),  and  paraglobulin — the  two  latter  occurring  in  the  same  proportion 
f   in  blood  serum  ;  37  per  cent,  of  the  coagulable  proteids  is  paraglobulin. 
j  (  I )  Chyle,  which  occurs  within  the  lacteals  of  the  intestinal  tract,  can  only  be 
ptaincd  in  very  small  amount  before  it  is  mi.xed  witli  lymph,  and  hence  the  diffi- 
plty  of  investigating  it.     A  few  lymph  corpuscles  occur  even   in   the  origin  of 
Icieals  within  the  villi,  but  their  number  increases  in  the  vessels    beyond  the 
tbtine,  more  especially  after  the  chyle  hasjxissed  through  the  mesenteric  glands, 
c  amount  ol  soUds,  which  undergoes  a  great  increase  during  digestion,  on 
contrary,  diminishes  when    chyle  mixes  with  lymph.     Afier  a  diet  rich  in 
tymatters,  the  chyle  contains  'ydnwxw^xaSAit Jatty granules  (a-4  /x  in  size).    [This 
tiie  so-called  "  molecular  basis  **  of  the  chyle.]    The  amount  of  fibrin  factors 
leases  with  the  increase  of  lymph  corptiscles,  as  they  are  formed  from  the  break- 
tip  of  the  lymph-corpuscles  ;  a  diastatic  ferment  absorbed  from  the  intestine; 
Occasionally  sugar  (to  2  percent.);  after  much  starchy  food,  lactates;  peptone 
the  leucocytes  (§  193,  I,  3),  and  traces  of  urea  and  leucin. 

"^^  Chyle  of  a  person  who  was  executed  contained  9a5  per  cent,  of  water. 

Fibrin 

Albumin,     .... 
J  Fau,  .... 

Solidi 9-5     1 

I  £xiractj\T&, 

[Salts,  .... 

n 


trace 

7  • 
a9 

i.o 

0.5 
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Schmidt  ibund  the  following  inorganic  siibtftnccs  in  looo  parts  of  chyle  : — 


Sodic  chloride, 

.    5.S4 

Sulphuric  acid, 

0.05 

Magnetic  phosphate,        ao5 

Soda, 

.     1.17 

Fliosphoric  acid,     . 

0.05 

Iron.                              trace. 

Totub, 

013 

Cfl'cic  phc*pUai(!.  . 

0.20 

(Horse.) 

{3)  The  lymph  obtained  from  the  beginning  o(  the  lymphatic  system  contains 
very  few  lymph  corpuscles ;  it  is  clear,  transparent,  and  colorless,  and  closely 
resembles  the  fluids  of  serous  cavities.  That  the  lymph  coming  from  different 
tissues  varies  somewhat,  is  highly  probable,  but  this  has  not  been  proved.  After 
lymph  has  passed  through  lympiiatic  glands,  it  contains  more  corpuscles,  and  also 
more  solids,  especially  albumin  and  fat.  Ritter  counted  8200  lymph  corpuscles 
in  I  cubic  centimetre  of  the  lymph  of  a  dog. 

Pure  lymph  obiamed  from  a  lymphatic  fistula  in  the  leg  of  a  man  has  an  alkaline 
reaction  and  a  saline  taste,  and  the  following  corapositioa : — 


Pure  Lytnph 

Cercliro-ipinai  Fluid 

1 
PvrJcardlnl  Fluid 

{Htmun  &•  Diikmhtrdt). 

(tftt^fit-Htjleru 

(v.  dfrK/'Betmrnta). 

98.74 

9551 

1.25 

4.48 

0.08 

0.16 

2.46 

Alk&li-alhitminste,     ,    .      0.09 

•  •  • 

.  •  . 

•  •  . 

1.26 

Urea,  Leucin,    ....       1.05 

Thr  ceretiro- spinal  fluid  and  oh- 

Salts oM 

dominnl  lymph  contain  a  kind 

70  vol.    per  cent,  of  abforbed 

of  sugfir  ^wi^hout  the  prT>p(;rty  of 

OJj,   50   per  cent,  could  be 

rotating  |)olarijed  light— //(»/>/*- 

putn|>ed  out.  and  20  per  cent, 
by  tlie  addition  of  an  acid. 

Styitr). 

too  pans  of  the  ash  of  lymph  contained  the  followiiig  substances  :— 


Sodium  chloride.  .    .    .  74.48 

Soda, 10.36 

Potash, 3.26 


Lime, 0.98 

Magnesia,   .....  027 
rhosphimc  acid, .    .    .  1  .og 


Sulphuric  ocid,  ....    1.28 

f_'art)onic    acid 8.21 

Iron  oxide 0.06 


Just  as  in  blood,  potash  and  phosphoric  acid  are  most  abundant  in  the 
corpuscles;  while  soda  (chiefly  ?iodmiu  chloride)  is  most  abundant  in  the 
lymph  serum.  The  potash  and  phosphoric  acid  compounds  are  most 
abundant  in  cerebro-spinal  fluid,  according  to  C.  Schmidt.  The  amount  of 
water  in  the  lymph  rises  and  falls  with  that  of  the  blood.  Gases. — Dog's  lymph 
contains  much  CO^ — more  than  40  vols,  per  cent.,  of  which  17  per  cent,  can  be 
pumi>ed  out,  and  23  per  cent,  expelled  by  acids,  while  there  are  only  traces  of  O 
and  I, a  vols.  |)er  cent.  N  {Zut/wtg,  Hammtrsten).  jH 

[The  cerebro-spinal  flnid  contains  a  sutntancc  which  reduce*  an  a'knlinc  solution  of  cwprfc^" 
hydrate.     The  potassic  arc  in  excess  of  the  soda  salts,  while  the  fluid   of  tlw  mcnin(;occlci  and 
chronic  hydrocephalic  cctituins  proto-albumosc,  Minie  ?enim  globulin,  no  seruni  albumin,  but  the  la>t 
is   present  in   acute  h)-drocephalus   flnid.      Nu  atbunuMe  is  found  in  pericardial  nr  pleuritic  fluids 

199.  QUANTITY  OF  LYMPH  AND  CHYLE.— When  it  is  slated  that 
the  total  amount  of  the  lymph  and  chyle  passing  through  the  large  vessels  in 
twenty-four  hours  is  equal  to  the  amount  of  the  blood,  it  must  be  remembered  that 
this  is  merely  a  conjecture.  Of  this  amount  one-half  may  be  lymph  and  the  other 
half  chyle.  The  formation  of  lymph  in  the  tissues  takes  place  conlinually,  and 
without  interruption.  Nearly  6  kilos,  of  lymph  were  collected  in  twenty-four 
hours  from  a  lymphatic  fistula  in  the  arm  of  a  woman,  by  Oubler  and  Qucvenne; 
70  to  100  grms.  were  collected  in  \)^  to  2  hours  from  the  large  lymph  trunk  in 
the  neck  of  a  young  horse.  The  following  conditions  aflfect  the  amount  of  chyle 
and  lymph : — 
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(i)  Th«  amount  of  chyle  undergoes  very  considerable  increase  during 
digestioHp  more  especially  after  a  full  meal,  so  that  the  lacteals  of  the  mesentery 
and  intestine  arc  distended  with  white  or  milky  chyle.  During  hunger  the  lymph 
vessels  are  collapsed,  so  that  »t  is  difficult  to  see  the  large  trunks, 

(2)  The  amount  of  lymph  increases  especially  with  the  activity  of  the 
organ  from  which  it  proceeds.  Active  or  jussive  muscular  movements  greatly 
increase  its  amount.  I..esser  obtained  in  this  way  300  cubic  centimetres  of  lymph 
from  a  fasting  dog,  whereby  its  blood  became  so  inspissated  as  to  cause  death. 

(3)  All  conditions  which  increase  the  pressure  upon  the  juices  of  the  tissues 
increase  the  amount  of  lymph,  and  vice  versa.     These  conditions  are  : — 

{a)  An  increase  of  the  blood  pressure,  aoi  only  in  the  whole  vasculnr  syttcm,  Imt  qIm)  in  the 
vcueU  of  the  cnrrcsiKm'  liny  nrnun,  uiiginenb,  ibc  amount  of  lymph  uid  vuf  veru\  ( Ludwig,  Tomat). 
ThU.  however,  is  doubtful,  a*  has  been  -ihown  by  PaMrhutin  and  [Lmtninghaas.  [In  oriier  toincrmse 
Ibc  amouni  of  lymph  depending  upon  pressure  within  the  vcsdch,  what  must  happen  is  increa&ed 
prenure  within  the  ca[iillarie!»  and  veiiu.] 

(4)  Ligature  or  obstruction  of  the  cfTerent  veins  greatly  increases  the  amount  of  lymph  which 
flowf  bom  the  corresponding  part.s  ( RUder,  Emminffhaus),  It  may  be  doubled  in  amount.  T^t 
tiondafEes  cause  a  '^weliin);  of  the  parts  on  the  peripheral  side  of  the  bondngr,  omng  tci  a  copiotlS 
effusion  of  lymph  iniothc  li^itiic  (cnngntivc  ■i.'rlema). 

(^)  An  tncreoAed  supply  of  arterial  blood  acts  in  the  some  wny,  IkiI  to  a  Icsa  tiegrcc.  Paralr-i% 
of  Ibc  vnsomutor  nerves,  or  stimulation  of  va&o-dilator  t'lbres,  tnr  increasing  the  supply  of  blood 
increascv  the  amount  of  ]ymph;  white  diminutiun  of  the  blood  supply,  owing  lo  ktimulotinn  of  vaM>- 
motor  fibres  or  other  causes,  diminuhes  the  amount.  Even  after  ligature  of  tK>th  carotids,  as  the 
head  i5  siill  M]|iplied  with  blood  liy  the  vertebra]'',  the  lymph  stream  ia  the  large  cervical  lymphatic 
does  not  cea^. 

i4»  When  the  total  amount  of  the  blood  i*  increased,  by  the  injection  of  blood  or  serum  into 
ihe  arteries,  mu'"h  fluid  pa«c-  into  the  li\.sue*  and  in  .reuses  the  fnnn-ilion  of  lymph. 

15)  The  formation  of  lymph  still  goo  on  for  a  short  time  after  death,  and  after  complete  cessation 
of  die  aciioo  of  the  heart,  but  only  to  a  kUghL  cutent.  If  frcsb  blood  Iw  cauMrd  to  circulate  in  the 
body  of  an  animal,  while  it  15  still  worm,  more  lymph  flnwsftum  the  lymphatics-  It  appears  as  if  the 
lisnies  olitained  plasma  from  Ihe  blood  far  a  lime  after  tlie  stoiijiage  of  Ihe  circulation.  This  ixrhapti 
explains  Ihe  rircum^ttance  that  some  ttssiies, /./^.,  cormecti%-e  tissues,  cnntoin  more  Huid  after  death 
ihan  during  life,  while  the  bU-od  vessels  have  given  out  a  considerable  amoum  of  ilieir  plasma  after 
death. 

16)  The  amount  of  lymph  is  increased  under  the  inflaence  of  curara,  and  so  is  the  amount  of  sohds 
in  the  lymph  \I^tsfr\.  \  large  amount  of  lymi>h  collecl»>  in  the  lymph  mic«  [especially  the  sub> 
ItnfpuUJ  of  frogs  poisoned  with  citrara.  which  U  [xuily  explained  by  the  fad  that  the  lyci^pl)  hearts  are 
panUyxed  by  curara.     The  amount  of  lymph  is  also  incroucd  in  inflamed  pans. 

aoo.  ORIGIN  OF  LYMPH.— (O  Source  of  the  Lymph  Plasma.— 

The  lymph  |)U-»ma  may  be  regarded  as  fluid  which  has  been  pressed  through  the 
walls  of  the  blood  vessels  by  the  blood  pressure,  /.  c,  by  filtration  into  the  tis-sucs. 
The  sa/ts  which  pass  most  readily  through  membranes,  go  through  nearly  in  the 
same  proportion  as  they  exist  in  blood  plasma — lUeJf^rin  factors  to  about  two- 
thirds,  and  albumin  to  about  one-half  of  that  in  the  blood.  As  in  the  case  of 
other  filtration  processes,  the  amount  of  lymph  must  increase  with  increasing 
pressure. 

ThU  was  proved  by  Ludwig  and  Tomsa,  who  found  that  when  Ihey  passed  blood  senim  undo- 
vsrymg  prcv\iiret  ihiougb  the  dlood  vc^vls  nf  an  excised  tcMii,  the  amnuni  of  lran*>u>Hed  fluid  which 
flowed  front  the  lymphatics  varied  with  the  prcuiire.  This  *'  artificial  lymph  "  had  a  com[>osilioD 
similar  10  that  of  the  natural  lymph.  Even  the  aiitount  of  al  'Umin  increa.*^  with  tr>creasing  pressure. 
The  lymph  jUiuma  i»  itused  in  tlie  ditTeTeiii  Umucs  with  the  decomposxtJou  pnxluct^,  the  results  of  the 
neUlmlUm  of  the  tiNtuc^. 

When  the  muscles  act,  not  only  is  the  lymph  poured  out  more  rapidly,  but 
more  lymph  is  formed.  The  tendons  and  fasciae  of  the  muscles  of  the  skeleton, 
which  arc  provided  with  numerous  small  stomata,  absorb  the  lymph  from  the 
•"•♦^cles.  By  the  alternate  contraction  and  relaxation  of  these  Abrous  struriiires, 
•"•t  like  suction  pumps,  whereby  the  lymphatics  arc  alternately  filled  and 
while  the  lymph  is  propelled  onward.      Even  passive  movements 
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act  in  the  same  way.  If  solutions  be  injected  under  the  fascia  lata,  they  may  be 
propelled  onward  to  the  thoracic  duct  by  passive  movements  of  the  limb  {Lvdwig, 

(2)  The  source  of  the  lymph  corpuscles  varies. — (i)  A  very  considerable 
number  of  lymph  corpuscles  arc*  derived  from  the  lymphatic  glands  ;  they  are 
washed  out  of  these  glands  into  the  vas  effercns  by  the  lymph  stream,  hence,  the 
lymph  always  contains  more  corpuscles  after  it  has  passed  through  a  lymph  gland. 
Small  isolated  lymph  follicles  permit  corpuscles  to  jxiss  through  their  limiting 
layer  into  the  lymph  stream.  (2)  Those  organs  whose  basis  consists  of  adenoid 
tissue,  and  in  whose  meshes  numerous  lymph  corpuscles  occur,  e.  g.,  the  mucous 
membrane  of  the  entire  intestinal  tract,  red  marrow  of  bone,  and  the  spleen 
t§  to3)'  I  he  cells  reach  the  origin  of  the  lymph  stream  by  their  own  amceboid 
movements.  (3)  As  lymph  corpuscles  are  returned  to  the  blood  stream,  where 
ihey  appear  as  colorless  blood  corpuscles,  so  they  again  pass  out  of  the  blood 
capillaries  into  the  tissues,  partly  owing  to  their  amoeboid  movements,  and  they 
are  partly  expelled  by  the  blood  pressure.  In  rare  cases  lymph  corpuscles  wander 
from  lymphatic  spaces  back  again  into  the  blood  vessels. 

Kine  particles  nf  ciniinbnr  or  milk  {jlnSnlrs  inlm  luccd  into  thr  I.lood  soon  pa*s  into  the  lymphatics. 
The  PxlriLiiiin  of  jjarliclo  is  greater  liurint:  venous  congest  on  than  whciitlic  crrculnlinn  r^  un(tistuH>ed, 
just  Ob  with  <liiipede?is  (J  95J ;  iiillamtiiat<!r^'  atTcclion*-  of  the  vastrulnr  wall  also  f*vor  tbcir  piUioge. 
The  vcttteU  of  the  portal  syatcm  arc  especially  pervious. 

(4)  By  division  of  the  lymph  corpuscles,  and  also  by  proliferation  of  the 
fixed  connective-tissue  corpuscles.  This  process  certainly  occurs  during 
inflammation  of  many  organs.  This  has  been  proved  for  the  excised  cornea  kcxit 
in  a  moist  chamber ;  the  nuclei  of  the  cornea  corpuscles  also  proliferate. 

Tbal  tbc  condective-ti-aue  corjjiiscles  proliferate  i>  shown  by  the  enormous  product'on  of  lymj^ 
cor}iu*clfS  ii;  aciilc  inflonimalions  (with  tbc  formation  of  ptis).  e.  /;.,  in  extensive  erysipelas,  and  in- 
flaminalor)'  punilent  effusions  into  serous  cavitiet,  where  thr  nninber  of  corpuscles  is  too  great  to  be 
exploineJ  by  the  wontlchng  of  blood  corpuKlcs  out  of  the  blood  vc&scU. 

Decay  of  Lymph  Corpuscles. — The  lymph  corpuscles  disappear  partly 
where  the  lymphatics  arise.  The  presence  of  the  fibrin  factors  in  the  lymph — 
formed  as  they  are  from  the  breaking  up  of  lymph  corpuscles— "seeras  to  mdicate 
this.  In  inflammation  of  connective  tissue,  in  addition  to  the  formation  of 
numerous  new  lymph  corpuscles,  a  considerable  number  seems  to  be  dissolved  ; 
hence  the  lymph,  and  also  the  blood,  in  this  case  contains  more  fibrin.  Lymph 
corpuscles  are  also  dissolved  within  the  blood  stream,  and  help  to  form  the  fibrin 
factors. 

201.  MOVEMENT  OF   CHYLE   AND    LYMPH.— The    ultimate 

cause  of  the  movement  of  the  chyle  and  lymph  de[K:nds  ui>on  the  difference  of 
the  pressure  at  the  origin  of  the  lymphatics,  and  the  pressure  where  the  thoracic 
duct  opens  into  the  venous  system. 

(1)  The  forces  which  are  active  at  the  origin  of  the  lymphatics  are  concerned 
in  moving  the  lymph,  but  these  must  vary  according  to  the  place  of  origin,  (a) 
The  lactcals  receive  the  first  impulse  toward  the  movements  of  their  contents — 
the  chyle — from  the  contraction  of  the  muscular  fibres  of  the  villi  (pp.  339. 
344J.  When  these  contract  and  shorten,  the  axial  Kicltal  is  compressed,  and  Us 
contents  are  forced  in  a  centripetal  direction  toward  the  large  lymphatic  trunks. 
When  the  villi  relax,  the  numerous  valves  prevent  the  return  of  the  chyle  into  the 
villi.  {l>)  Within  those  lymphatics  which  take  the  form  of  [jcrivascular  spaces, 
every  time  the  contained  blood 'Ofssd  is  dilated  the  ^surrounding  lymph  will  be 
pressed  onward,  (r)  In  the  case  of  the  pleural  lymphatics  with  open  mouth", 
every  inspiratory  movement  acts  like  a  suction  pump  upon  the  lymph,  and 
the  same  is  the  case  with  the  openings  or  stomata  of  the  lymphatics  on  the 
abdominal  side  of  the  diaphragm,     {d)  In  the  case  of  those  vessels  which  begin 
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by  means  of  fine  juice  canals,  the  movement  of  the  lymph  must  largely  depend 
upon  the  tension  of  the  juices  of  the  parenchyma,  and  this  again  must 
depend  upon  the  tension  or  prrssure  in  the  blood  cafiiihtrUs^  so  that  the  blood 
pressure  acts  like  a  vii  a  Urgo  in  the  rooilels  of  the  lymphatics. 

(In  lome  orfpins  [>cculiar  pumping  arrangements  ore  draught  iato  action.  The  alxlomin&l  nir- 
faoe  of  ihe  central  lendon  of  thr  diaphragm  i->  |>rovide<l  with  stotnata,  or  open  com mimicnt ions 
Ivlircen  the  pcfitcmcal  c«»ily  aiul  the  lyiiphjiiits  id  the  siiliitaiice  of  the  lendon,  Vod  kccklitighauscn 
found  ihal  milk  put  U|xm  the  [xmlmiud  iurfuce  of  ibe  caitral  tendon  showed  liulc  eddies,  caused  by 
the  milk  glolwles  jxiMing  through  the  stomata  and  entering  the  lyaphBtics.  The  central  lendon 
coiuL»t!k  of  two  laycn  of  fibrou*  tia«ue  arranged  in  difTerenl  diiccuoiu  (Fig.  323,  ^,  t).    When  the 

Flo.  223. 
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tfuce  have  colupMd. 
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diaphragm  moves  during  resfnralion,  these  layers  are  altemalely  f^essed  togetbtr  and  pulkd  apait. 
Thus  the  «p«cc»  are  alternately  (lilated  and  contracted,  lymph  being  drawn  into  the  lymphatics 
throu(;h  the  rtomata  (Fig.  22;;,  h).  The  same  kihd  of  pumping  nicchani?*ni  exists  over  the  cotlal 
plaura.  The  foAcia  covering  the  mutclM  i»  another  similar  mechani-^m.  The  fascia  consi:;!?.  of  two 
\Mfcn  of  fil>rous  tissue,  with  intervening  lymphatics  I  Fig.  224).  When  a  muM:le  contmct?*,  lymph  is 
fcrccd  out  from  t'ctwcrii  the  layers  of  the  fascia,  while  when  it  rclaxct,  the  h-ropb  from  the  muscle, 
carrying  with  it  some  of  the  watfe  products  of  muscular  aciku,  poues  out  of  the  muscle  inlo  die 
&acta,  between  the  now  partially  scparalerl  loycrs.] 

[Ludwig's  Experiment. — Tie  a  rc<piraiton  cannula  in  the  Irachcn  of  a  dead  rabbit :  cut  across 
the  body  of  the  animal  immediately  ticlow  the  diaphragm ;  rcmo%-c  the  visccn,  and  ligature  the 
veucb  passing  between  the  thorax  and  abdomen  ;  tic  the  thorax  In  an  imn  ring,  and  ham;  it  up  with 
the  head  downward ;  pour  a  solution  of  Berlin  blue  upon  the  peritoneal  surface  of  the  diaphragm ; 

Fig.  224. 


ln]«eMd  lyoiph  tpaoa  (black)  (roa  tlw  &scU  Uu  at  tha  UifS. 

connect  the  resptralioD  cannula  cither  with  a  jwur  of  Iteltows  or  on  afiparatut  for  artiHctal  resptmtion, 
and  imitate  the  respiratory  movements.  After  1  few  minutes  the  jyinphotics  are  liUcd  with  a  boe 
injectioo  »bowin{f  a  beaudful  plexus.] 

(j)  Within  the  lymph  trunks  themselves,  the  independent  contraction  of 
their  muscular  fiibres  partly  aids  the  lymph  sircani.  Htlltrr  observed  in  the 
mesentery  of  the  guinea  pig  that  the  peristaltic  movement  of  the  lym[)haiic  wall 
passed  in  a  centripetal  direction.  The  numerous  valves  prevent  any  reflux. 
The  contraction  of  the  surrounding  muscles,  and  pressure  upon  the 
vessels  and  the  tissues,  aid  the  current.  If  the  outflow  of  blood  from  the  veins  is- 
interfered   with,  lymph  flows  copiously  from  the  corresponding  tissues.     [If  a 
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cannula  be  tied  in  a  lymphatic  of  a  dog.  a  few  drops  of  lymph  flow  oul 
intervals.     But  if  even  passive  movenienls  of  the  limb   be  made,  e.  g., 
flexing   and  extending  the    limb,    the  outflow  becomes  verj'   considerable   an< 
continuous.] 

(3)  The  lymph  glands,  which  occur  in  the  course  of  the  lymphatics,  ofTc- — ^ 
very  considerable  resistance  to  the  lymph  stream,  which  must  pass  through  lh»-  ^^ 
lymph  paths,  whose  spaces  are  traversed  by  adenoid  tissue,  and  contain  a  fr 
lymph  corpuscles.  But  this  is,  to  a  certain  extent,  coiufwnsaled  for  by  the  noi 
striped  muscle  which  exists  in  the  capsule  and  Irabeculse  of  the  glands.  WhcT-  ^j, 
they  contract  they  force  on  the  lymph,  while  the  valves  prevent  its  reflux.  Enfcrrrj- 
larged  lymphatic  glands  have  been  seen  to  contract  when  stimulated  electrical  I  >^^y, 
[Botkin  has  stimulated  enlarged  lymphatic  glands  with  electricity  in  cases  of  le^^^i. 
kacmiaj  

(4)  The  lymph  vessels  gradually  join  to  form  larger  vessels,  and  finally  end  ^mma 
one  trunk.  Thus  the  sectional  ana  diminishes,  so  that  the  velocity  of  the  cti-__  j-. 
rent  and  the  pressure  are  increased.  Nevertheless,  the  velocity  is  always  smal^3; 
it  varied  from  230  to  300  millimetres  per  minute  in  the  large  lymphatic  in  t^Mie 
neck  of  a  horse,  a  fact  which  enables  us  to  conclude  that  the  movement  must  ^- — ■* 
very  slow  in  small  vessels.  The  lateral  pressure  at  the  same  place  was  10  to  "^ 
mm.,  and  in  the  dog  5  to  10  mm.  of  a  weak  solution  of  soda,  although  it  was  =^ 
12  mm.  Hg  in  the  thoracic  duct  of  a  horse. 

(5)  The  respiratory  movements  exercise  a  considerable  influence  upon  t~^Bie 
lymph  stream  in  the  thoracic  duct,  and  in  the  right  lymphatic  duct ;  every  ins^^i- 

ralion   favors  the  passage  of   the  venc^us 
^"=-  "5-  blood,  and  also  of  the  lymph  toward  Cl  Ire 

heart,  whereby  the  tension  in  the  thora^iznc 
duct  may  even  become  negative.  [  1  Tie 
(iiasioiU  suction  of  the  hearty  by  diminir^sh- 
ing  the  pressure  in  the  subclavian  ve  "vn, 
also  favors  the  inflow  of  lymph  into  ^  he 
thorax,] 

(6)  Lymph      hearts    cxi^t    in    certain 
lilooHf-fl    oiiimal-s.     '[~hr     fn^    \ma    two    dxii 
bcart!i  (above  ibc  shoulder  ocar  the  vcftdnl 
umn),  and  twn  latra!  hearts,  one  on  etch 
the  coccyx   ne«r  the  anus  (Fig.   235,   LV 
bcal,  ))ul  not  syiichruuou^ly,  aliout  M\ly  time^  f 

minute,  and  contain  10  cuInc  c«itimeire*  of  Itiik — ■p|*- 
The>'  have  transversely  sniped  masculu-  tilx'e^M*  » 
their  wnlls,  and  arr  aUo  pro^'idrd  with  Hfr^e  f^^  ^K- 
A'/i(i.     The  |x>!4cri(>r  pair  \nm\y  ihe  lyinph  into  ^ 

hranch  uf  the  vena  ilioca  ctimmunicnn.^,  ami  Jfc^ 
anterior  pair  into  the  vena  subscapularu.  "l""  **' 
pulhation  de}»euds  portly,  but  not  excliisitr^y,  t^^Bpo* 

the  Spinal  cnrd.  for  if  the  cord  be  rapidly  dcstroye*!,  they  may  cea^e  to  puls-ite,  but  not  unfrci|<ic n^T 

llicy  continue  to  pubate  after  removal  of  the  cord.  [And  if  the  cord  be  destroyed  gmdually,  "^Bbey 
continue  to  beat  {ATadrAf/).']  A  Mwiml  source  uf  their  puUatilc  movenicnLs  is  to  be  souf^hl  fc^^"*"  " 
Waldeyer's  ganglia.  Stimulation  of  the  skin.  Intestine,  or  lilood  heart  influences  them  r^ei.  ^T~~ 
partly  accelerating  and  partly  retarding  them  fmost   frequently  arresting  ihcm  tn  diastole,  »o  UM 

thtfe  seeins  to  l>c  an  inhil)ttor>'  mechanism  in  toe  cord,  but  it  in  not  affected  liy  atropine  ( A"»^'*-  ^t/ij. 
If  the  coccygeal  ncr\'e,  which  connects  the  sacral  hearts  to  the  spinal  cord  l)c  divided,  these  eiktt.  -=*  ao 
not  occur.     SirycAnitt  accelerates  their  movement^,  nnd  so  docs  heating  of  the  spinal  cord  ;  !»«-*  if 
the  cord  be  cooled,  they  artr  retarded.     A  Umph  heart  arrcateiil  by  being  exposed,  or  after  the  a^rfno 
of  mtiscorin,  can  be  cnuse<I  to  best  by  Hlling  it  under  prc?tsure,  but  this  vk  not  the  ca^c  when  the  mfrst 
I5  caused  by  destruction  of  it*.  ner\'C«.    AHiinrin  paralyses  the  lymph  hcan  and  the  bI>)od  heart  « 
the  aame  lime,  vrhile  i'»/'a/*tf  paralyzes  tbc  funncr  aluiie.      In  other  onqibibiaDS  tlicr^  arc  two  lynpft 
hearts;  in  the otitricb  and  cassowary  and  some  swimming  bird»,  and  in  tbc  etntsyo  chick,  I  tfA 
They  occur  in  some  Hshes,  ^.  g. ,  near  the  caudal  vein  of  the  c«L 
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(7)  The  nervous  system  hasadir^ct  effect  upon  the  lymph  stream,  on  account 
'<»f  its  connection  with  the  muscles  of  the  lymphatics  and  lymph  glands,  and  with 
the  lymph  hearts  where  these  exist.  RUhne  observed  that  the  cornea  corpuscles 
contracted  when  the  corneal  nerves  were  stimulated  [and  Hoffman  has  described 
the  termination  of  nerves  in.  connective  tissue  corpuscles].  Gollz  also  observed 
that,  when  a  dilute  solution  of  common  salt  was  injected  under  the  skin  of  a  frog, 
it  was  rapidly  absorbed,  but  if  the  central  nervous  system  had  been  destroyed,  it 
•was  not  absorbed. 

Ef  intlanunffliian  be  produced  in  the  hind  legs  of  a  dog,  and  if  the  sciatic  nerve  he  HividM  on  one 
side  <T-dcnia  ond  a  Mniulianeotii  increa<ie  of  the  Ijinph  Mream  occur  on  thai  side.  [A  comhinailon  of 
oongrstion  and  iiilliuiiinaiiuii  greally  increases  the  lympti  slreain,  and  thi^  is  sUU  more  the  ciue  when 
ibe  Dcnrcft  arr  divideil  ul  the  ^ame  time.] 

Ligature  the  ]<^  of  a  frog.  «xce|>t  the  nervei,  »o  as  to  orrest  the  circulation,  and  place  the  leg  in 
water:  it  swcIU  up  very  rapidly,  hut  a  d«Ki  limb  does  not  swell  up.  So  that  absorption  is  independ- 
«ni  of  the  continnnnce  of  the  circulutloti.  Section  of  the  Kiatic  nerve,  or  destruction  of  the  spinal 
,  (bul  tvA  section  of  tbc  brainl.  arrests  nt»so!^ition. 

,  ._M.  ABSORPTION  OF  PARENCHYMATOUS  EFFUSIONS.— Fluids  which  pass 
frmm  the  blood  vessels  into  the  spaces  in  the  tissues,  or  those  injected  subcutaneously,  are  absorbed 
chiefly  by  the  blood  ve»seU,  but  al.«o  by  the  lymphatics.  Small  [Kirttctest,  an  nfler  tattooing  with  cinna- 
r  or  China  ink,  may  pu»  from  the  Ijssnc  spaces  into  the  IjTnphnlics — and  so  do  blood  corpuscles 
I  extra vasntloiu  of  bkx>d.  and  fnt  grnnmlcs  from  llic  marrow  of  a  broken  bouc.  If  all  the  lym- 
of  a  part  arc  ligatured,  alisoqjlion  lakes  place  i^uitc  as  rapidly  ns  before;  hence,  absorbed 
Bid  must  pOds  throogh  the  thin  memtJrane^  of  the  blood  vcsseK  The  corresponding  experiment  of 
Iigsturing  all  the  blood  vessels,  when  no  ab^arjitiun  of  tht  jjarenchymalouii  juices  takes  place,  does  not 
prove  that  the  Kmphatioi  are  not  concemMl  in  absorption,  for.  after  ligaturing  the  blood  vessels  of  a 
utft,  of  course  the  (brmation  of  lyu^th,  and  also  the  lymph  stream,  inu^tt  cease.  When  fluids  are 
mjeded  under  (he  skin,  alisorplion  l.iVe»  place  very  rapidly — more  rapidly  than  when  the  ^uttttance  Is 
given  by  the  mouth.  The  subcutaneous  injection  of  drugs  i&  extensively  used,  but  of  cour-fkr  the 
Stthslaoc»  Uicd  muil  not  comxle,  irrilalc,  or  coagidntc  the  tissues.  Some  sul>slanceB  do  not  act  when 
(iven  by  the  nymth.  as  snake  poison,  p<MSons  from  dead  bodies,  or  putrid  thiiigs,  nJthough  thev  act 
r^iidly  *hai  intrcKluccd  subcuiancou>ly.  If  emulbin  be  given  by  the  mouth,  and  amygdalin  be 
injected  into  the  veins  of  an  animal,  hydrocyanic  acid  is  not  formed,  as  the  emulsin  seems  10  be 
dolroyed  in  (he  aliraeaiary  canaL  If  IhccmuUin,  however,  be  injected  into  the  blood,  and  the  amra- 
dalto  tic  given  b),'  the  mouth,  the  animiil  lit  rapidly  pntncined,  owing  to  the  formntion  of  hydroo'nnlc 
•cid,  as  the  amygdalin  is  rapidly  absorbed  from  the  intestinal  canal.  The  amygdalin,  a  i^lucoside 
(C^ll^NO,,^,  is  acted  upon  by  frciili  cumlsiii  like  a  ferEnent ;  it  lakes  up  2(  M./ I)  and  >'icld<i  hydro- 
cjanic  aci*I  iCIIN),  —  oil  of  tatter  almond?  (CjH/)),  4-  ^gor  2(CjH,/-)oV  Serum  injected  subcu- 
Uoeoosly  i^  rapidly  aL>sorl>ed  ;  il  is  decomposed  within  the  blood  stream,  and  increases  the  amount  of 
una.     Albuminou-t  M>lutions,  oil,  peptones,  and  sugars  are  also  ihsorbed. 

203.  CEDBMA,  DROPSY.  AND  SEROUS  EFFUSIONS.— [Dropsy.— As  aptly  illus- 
Iralnl  by  IjiuiIct  Hrimtoii,  the  Synipb  f?|Mices  may  Ix:  represented  by  cisterns,  each  of  which  is  pro- 
Tided  with  supply  pipes — the  arteries  and  capillaries  ;  while  there  arc  two  exit  pijMs — the  vcias  and 
h-mphalick  In  health,  the  lialonce  Iwtwecn  the  inflow  and  outflow  is  such  that  the  spaces  are  merely 
t»(d3tened  with  fluid.  When  a  cannula  is  plflcwl  in  a  lymphatic  ve>scl  in  a  dog,  only  a  few  drops  of 
lymph  flow  out  at  long  intervals,  but  if  the  veins  of  the  limb  l.c  ligatured,  the  lymph  ^owi  much  more 
qwckly.  Thi^  is  in  part  due  to  the  incrca5ed  Irtinsiidiilion  of  fluid  from  the  small  blood  vesselsi  but 
it  may  aliio  be  due  to  fluid  passing  away  by  the  lymphatics  when  il  con  no  longer  be  carried  away  by 
the  veinv  We  cannot  say  what  i.s  the  relative  share  of  the  reins  and  the  lymphatics,  nor  in  the  alx>ve 
e^prnmcnt  do  we  know  how  much  is  due  to  increaserl  tranwirbiion  or  diminished  abMrpiion.  \S'l*cn 
there  t»  an  undue  nccumuhilion  of  fluid  more  or  leas  like  sermn  in  the  lymph  spaces,  we  have  the  con- 
dition trrmwl  dropsy.     When  there  Ls  general  dropsy  it  is  called  anasarca.] 

Sdenia  —If  the  efferent  veins  and  lymphatics  of  an  organ  be  ligatured,  or  if  resistance  be 
oflfercd  to  the  outflow  of  their  content*,  congestion  and  a  copious  transudation  of  lymph  into  the 
ii»ue  lake  place.  These  are  most  marked  in  (he  skin  and  subcutaneous  cellular  tissue.  The  *oft 
paTtfi  swell  up,  without  pain  or  redness,  and  a  doughy  swelling,  which  pits  on  pressure  uiih  the 
hnger.  renilis.  These  are  the  signs  of  lymph  congestion,  which  is  called  oedema  when  the  fluid  is 
V11  fe ry  tnd  localized. 

Under  similar  drcumMancei  lymph  is  effused  in  the  serous  cavities.  [In  the  peritoneum  it  is 
ascites — thorax,  hydrothorax —pericardium,  hydro -pericardium — cranium,  hydrocephalus — 
tnnica  Tagiiiali*,  hydrocele — joints,  hydrarthrosis,  etc.]  If,  at  ihe  seme  lime,  a  large  numlier  of 
colorleM  blood  corpuscles  pass  out  of  the  blood  vessels  into  the  cavity,  the  fluid  becomes  more  and 
more  tike  pus.  In  order  (hat  these  cof|:uscles  may  pnilif^rate,  a  considerable  perceniage  rf  alliumin 
IS  necessary.     When  the  pressure  within  the  serous  cavity  rises  above  that  in  the  ^nuli  blood  vessels, 
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watrr  may  pass  into  the  blood.     These  seropunitent  cflu-iions  not  unrreqaenUjunderca  ckaiien,^^A 

yield  deconip<>sH)t>ti  prmluctf,  such  as  tfucin.  tyrcsin,  xanthin,  krcoltn,  krcatiniii  f?),  uric  acid  i'^^ 
urea.      Endirthcliiim  frt.m  llic  sciV'U*  cnviiy,  sufjar  in  pleuritic  cfftuiotu  and  in  •T-dcm^.s  with  ti«.«lt 
aUiumin,  cholrsterin  frequently  in  hydrocele  fluid,  and  succinic  acid  in  the  fluid  uf  i-chiDocoeti,  )i  Mmw 
nil  Iccn  fiHind  in  these  effusions.     'I"iie  cllusioti  "f  lymph  may  arise  not  only  fri>m  prcuure  uptm 
lymphatics,  but  also  from  inflammaiion  and  lhromlx>sis  of  (he  Kinphatics  ihtmselvcs,  in  which  cj 
not  unrretiueriily  new  lymphatics  are  formed, m  that  the  communication  i£  reejilatilished.     Somctii 
(he  ductus  thoracicus  burst*},  and  lymph  h  poured  directly  into  the  abdomen  or  thorax.     [Lt^cat: 
of  the  thoracic  duel  results  in  lupiure  of  the  reccptaculum  cbylt  and  escape  of  chyle  and  lymph  h. 
llie  large  sertius  cavities  (  Luiiwig). 

\Vhrn  dropsy  or  cfTuHon  of  tluids  occurs  into  serous  cavities,  there  it  always  a  (jrealer  iranftudoft^  msa 
of  fluid  thn>u[;h  tlie  hVioA  vesKls.  The  ab«loniinal  hlood  vessels,  and  thoic  wliich  yield  a  wb^^m 
effu^ii'n  under  nomial  circum'^ionces,  are  those  most  lioble  to  he  utTected. 

Transudation  la  favored  by  u  >  Venous  congestion,  so  as  to  rji^c  the  blood  pressure  ,  in 
which  COM  ihe  efTusion  usually  contains  little  albumin  and  few  lymjih  cnrpiisclct.  while  ibc  culcz^fcd 
corpuscles,  on  ihc  contrary,  arc  more  numerous  the  greater  the  ven<iu&  obtlmction.      Raat-ier  -^-im- 
duced,cpdcma  artificially  by  Hiiotunn;;  ibc  vena  cava  in  a  do;;,  and  at  Ihe  same  time  dtvidtn|^      tJir 
•icintic  nerve.     The  paralytic  dilaimioii  of  the  blood  vessels  tbereby  pn>duced  cnused  an  tDcrc«M>td 
amiiunl  (if  binod  to  pass  tu  the  limb,  wlide  the  blood  (rcvvurc  was  raiAcd,  and   bmh    factors  favcanf] 
the  iraQSudalton  of  fluid.     [Ranvier's  experiment  proves  that  mere  ligature  of  the  verous  Imnk     ^% 
\\m\i  hv  itjelf  if.  iini  ttifhcient  to  cauM  irdrma.     The  miema  is  due  to  the  concnmitant  poralywasof 
the  vowmotor  nerves.     If  the  motor  roots  of  the  sciatic  nerve  alone  tw  divided  along  with  ligiAJViire 
of  the  vena  Cava,  no  a.>dcma  occtirs,  tiut  if  (he  vasomoTur  5bre»>  are  divided  at  the  >ame  timc^    the 
limb  rapidly  iKcomcs  n:dematou<(.     There  is  such  an  increased  Ironfudaiion  through  the  vai^wiir 
walls  that  the  veinh  and  lymphAtlcs  cannot  remove  it  with  suflicicnt  rapidity,  and  a:demA  oc^r'na 
If  there  he  weakness  of  llie  vawimotor  nerves,  slight  olwlniction  is  sufltcient  lo  produce  trAtxxik,] 
When  the  leg  veins  ore  occluded  with  an  injection  of  gypsvim,  oedema  occurs.     (^2)  S^^mc  unki»«=>wB 
physical  changes  occur  in  the  protoplasm  of  [he  endothelium  of  the  cai>itlarics  and  blood  vir^^K 
which  favor  the  transudation  of  nlhiiintin,h.Tmoglobin,ond  even  blood  corpuscles.     This  occurs  •wIkh 
abnonn»l  substances  accumulate   in  the  blood — ^^g-,  dissolved  hirmiiglobin — and  when  the  btcml 
contains  little  O  or  albumin.     The  same  has  been  observed  after  exposure  to  too  high  lemperaluro, 
and  the  swelling  of  sofc  pans  in  the  neighborhood  of  an  inflammatory  focus  seems  due  10  the  iimj^b* 
dalinn  of  fluid  through  the  altered  vascubr  wall.     It  Lt  probable  that  a  nrr^*ous  influence  may  vlf'^t 
pnnicular  areo-H  through  its  ocfon  on  the  blood  vessels  of  the  port  lit  may  he  upon  the  pro(opl*»» 
of  the  IiIihmI  coftillaiie-).     The  iraiiMidaTinns  of  (his  nature  usually  contain  much  albumin  and  ixfny 
lymph  corpusc'c!!.     (  \)  When  the  blood  contains  a  very  large  amount  of  water,  the  tendency  10 
trnmudotion  of  fluid  iv  increased.     After  a  lime  it  may  produce  the  changes  inilicated  in  \2).  *nd 
when  long  conlinucd  may  increase  the  penneability  of  the  vascular  wall.     Watery  U-mpbalic  ctfu'-i*'"* 
from  watery  blood — "  cachectic  ccdeina  " — occur  in  feeble  and  badly-nouriihrd  individuab.    [iZHt^ 
of  th«  commonest  foim^  nf  dni|>sy  is  the  slight  (»lema  of  the  tegs  in  annctnic  persons  >n  whnrn  *h* 
heart  ond  lungs  ore'  healthy.     Many  factors  are  involved—the  hlood  pressure,  watcr>'  condHioO  oC 
Ihe  blood,  the  condition  of  nutrition  of  the  capillaries,  and  probably  o  tcwiency  to  vasomoior  pare*** 

[The  fluid  pouted  out  vaiits  according  to  the  rapidity  with  which  this  occurs.     In  acute  intla***' 
niaiions  effusit  n  or  exudation  takes  place  rapidly,  and  the  fluid  contains  the  hbrin  faaors,  "io  thvS>    '* 
lends  to  coaguloie  spontaneously.     1  here  is  every  gradation  Itetween  the  non  coagulable  bydroc^** 
fluid  and  the  congulnble  exudation  in  inflnmninlion.     The  fluids  in  ditTetent  dropsies  vary  in  cotni   ** 
sition,  and  st^tme  have  more  cePsin  them,  depending  on  local  causes,  as  iu  Mime  siloations  abscxp^^^ 
is  more  adivc  than  in  others.     The  pleural  Buid  contains  nvM  solids,  thru  ascitic.  cerel>ro>KpaC>'^^* 
and  lastly  that  in  ihe  subcutaneous  ttB<.ur.     Transudation  corrcsptrnds  to  the  proceK  of  filtf»l»*-f* 
through  animal  membranes.  1.  e.^  the  trBu>>udation  coulnins  oidy  those  substances  already  preseitt 
Ihe  blood  plo«ima.     The  filtra'c  may  cvtn  c-mtain  more  salts  than  the  original  fluid,  as  is  often  •  T*^ 
case  with  fluids  containing  cry-taUoid  aitd  colloid  tx>d)es.     Senator  fmds,  m  cast-s  of  cedema  of    ^""^^ 
leg,  tlmt  increase  of  the  venous  j>n--«*iuv  increases  the  {urotuids  in  the  lrau»udalion,  hot  cauae^     *^^ 
essential  change  in  the  amount  of  the  salts.] 

[|4>  (^struumofT  found  that  siiraulaiion  of  the  lingual  nerve  not  only  caiises  the  blood  vessels 
Ihe  tongue  lo  dilat'>,  hut  that  the  corresponding  side  of  the  tongue  becnme»  cpdematous.      I  f  a  solu  ^ 
of  dilute  hydrochloric  acid  or  quinine  ({[  145)  be  injected  into  the  duct  of  the  sub  maxillary  gl 
and  the  chorda  tympani  Mimulaled,  there  iit  no  secretion  of  saliva,  hut  the  glBt>d  becomes  <»lema* 
In  an  animal  poisoned  with  utropin.  siimj1aii"n  of  (he  chorda  cau!>es  ihlalatton  of  the  blood  vtSJ 
although  there  is  no  secretion  of  saliva,  nevcrtlielcs  the  gland  does  not  become  oedemnloust/Aw^^^^JJ* 
Main).     As  Itrunton  >uggc!tts,  this  experiment  points  to  some  action  of  alropjn  on  the  bloou  ~ 

which  has  hilhcrto  l>rcn  rnlircly  overlooked.] 

204.  COMPARATIVE  PHYSIOLOGY.— In  the  frog  large  lymph  sacsjtncd  with 
thelium,  e>bt  un'Icr  the  skin,  while  large  lymph  sacs  lie  in  relation  with  the  venebral 
on  each  side — separated  from  the  abdominal  cavity  by  a  Ihin  membrane,  perforated  with  siatf> 
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!  c3r8teTna  lymphatica  magna  of  Fanizza.  Some  amphibians  and  many  reptiles  have 
skin  large  lymph  spaces,  which  occupy  the  whole  of  the  dorsal  region  of  the  body.  All 
d  the  tailed  amphibians  have  large  elongated  reservoirs  for  lymph  along  the  course  of  the 
le  lymph  apparatus  of  the  tortoise  (Fig.  2i8)  is  very  extensive.  The  osseous  fishea 
e  lateral  parts  of  their  backs  an  elongated  lymph  trunk,  which  reaches  from  the  tail  to  the 
ns,  and  is  connected  with  the  dilated  lymphatic  rootlets  tn  the  base  of  the  tail  and  in  the 
'  laigest  internal  lymph  sinus  is  in  the  region  of  the  nesophagus.  Many  birds  possess  a 
dilatation  or  lymph  space  in  the  region  of  the  tail.  The  lymph  spaces  communicate  with 
1  system — with  valves  properly  arranged— usually  in  connection  with  the  upper  vena  cava. 
?art5  have  already  been  referred  to  (|  201,  6).  In  camivora  the  lymph  glands  of  the 
are  united  into  one  large  compact  mass,  the  so-called  "  pancreas  Asellii." 

ISTORICAL. — Although  the  Hippocratic  School  was  acquainted  with  the  lymph  glands 

becoming  swollen  from  time  to  time,  and  although  Herophilus  and  Erasistratus  had  seen 
teric  glands,  yet  Aselli  (1662)  was  the  first  who  accurately  described  the  lacteals  of  the 

with  their  valves.  Pecquet  (1648)  discovered  the  receptaculum  chyli;  Rudbeck  and 
rtholinus  the  lymphatic  vessels  (1650-52) ;  Eustachius  (1563)  was  acquainted  with  the 
id,  which  Gassendus  (1654)  maintnined  that  he  was  the  first  to  see;  Lister  noticed  that 
xcame  blue  when  indigo  was  injected  into  the  intestine  (1671);  SAmmering  obser%-ed  the 

of  fibrin  when  lymph  coagulated ;  Reuss  and  Emmert  discovered  the  lymph  corpuscles, 
lical  investigations  date  from  the  first  quarter  of  this  century;  they  were  carried  out  by 

Tiedemann,  Gmelin,  and  others.  The  two  last-named  observtrs  noticed  that  the  white 
lyle  was  due  to  ibe  presence  of  f^ty  granules. 


Physiology  of  animal  Heat. 
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206.  SOURCES  OF  HEAT.— The  heat  of  the  body  is  an  uninteiruptec 
evolution  of  kinetic  energy,  which  we  must  represent  to  ourselves  as  due  to  vibra- 
tions of  the  rnrporcal  atoms.  The  ultimate  source  of  the  heat  is  contained  in 
the  potential  energy  taken  into  the  body  with  the  food,  and  with  the  O  of  the  air 

absorbed  during  respiration.  The 
amount  of  heat  formed  depends 
upon  the  amount  of  energy  liberated. 
The  energy  of  the  food  stuffs  may 
be  called  "latent  heat,"  if  we 
assume  that  when  they  are  used  up 
in  the  body,  chiefly  by  a  process  of 
combustion,  kinetic  energy  is  liber- 
ated only  in  the  form  of  heat.  As  a 
matter  of  fact,  however,  mechanical 
energy  and  electrical  energy  are  de- 
veloped from  the  potential  energy. 
In  order  to  obtain  a  unit  measure  for^ 
the  energy  liberated,  it  is  advisable 
to  express  all  the  potential  energy  as 
heat  units. 

The  Calorimeter. — This  instru- 
ment enables  us  to  transform  the  po- 
tential energy  of  the  food  into  heat, 
and,  at  the  same  time,  to  measure 
the  number  of  heat  units  produced. 

Favre  tmd  Silbermann  used  ft  water 
calorimeter  ( t-ip.  226).  The  sukiiiuicc  \o 
tic  I  urncH  is  placrd  in  a  larvae  olimlrical 
combiLSiioti  chamber  (K\,  sus^icnded  in  a 
large  cylindrical  tcfrcI  (I.)  filled  Miih  water 
(iv),  so  that  the  comlniMinn  cbamber  Ik  com. 
Iilctcly  aunxjunded  hy  the  water.  Thre^ 
tubes  open  into  the  upper  part  of  ihe  chat 
Iwr;  one  of  (hem  (O'l  sufiplies  the  air  wluelj 
is  neceR«Ary  for  combiun'on,  it  reaches  almo 
tu  the  bottom  of  the  chaml>rr;  the  &ecurd  (<fj 
is  fixed  in  the  middle  of  (he  lid,  and  is  closed  al>nve  wiih  n  thick  glass  plate,  and  on  ihi^  is  placed 
at  an  angle,  a  small  laiiror  (i),  which  cnabirs  an  observer  to  look  into  the  chnmbcr,  and 
(he  proce^  of  combustion  at  <-.  The  thirrl  tuW  {d\  is  ««d  only  when  combuslible  gavrs  atr  to 
buroed  in  the  chanaber.  It  can  be  clo^ed  by  ine.inft  of  a  stop-cnck.  A  lead  tu>w  {e.  t\,  with  mo 
twiata,  poaaes  from  the  upper  part  of  the  clumber  ihniugb  the  wotcr,  and  finally  opeiu  ■*/- 
gaAcnus  prodticts  of  comimMion  pn&s  out  thntufrh  )hi.s  Ivibe,  and  ici  dtiiio*  <>/<*•''*  * 

The  cylindrical  vessel  with  ihc  water  is  cl"!*d  with  a  liH  which  trap'"' 
cylinder  ittands  on  four  feet  within  a  large  ryliitder  (M^  wVi. " 
ductoT  nf  hett.  and  this  o^aiii  is  placed  in  a  larce  v' 
any  heat  rc»ching  ihe  inner  tA-lindtrr  from  with 
iove&t^atcd  »  placed  in  the  combustion  r 
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^V.iicr  calofiincter  of  Kavrc  and  SilWrm.inn, 


CALORIMETRY. 


363 


inna  witer  mtut  be  repettedly  stirred,  the  leinpcrtture  of  the  water  is  ascerlftined  hy  menm  of  a 
(lelicnie  thennotneter.  Ifihe  incrroM  of  ihc  temperature  and  ibe  amouDt  of  water  arc  known,  then 
it  ii  msy  to  cnlcoUie  ihe  number  of  heat  units  pixxluced  tiy  the  combuuitm  of  a  known  weight  of 
subetince  (kc  frttn\{uction). 

The  inner  cylinder  i*  fillvd  with  ice  and  not  with  w«er, 


Fig.  227. 
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The  ice  CAlorimeter  may  niso  be  tised. 
and  ice  is  alvj  placed  in  Lhc  outer  cylin- 
der  to  prevent  iny  heat  fri*m  without  from 
acting  upon  the  itmer  ice.  Hie  heat 
Ijivt-n  on  frmn  tlie  comtni^li'jin  chamber 
cau^ef  a  certain  amount  of  the  ice  to 
melt,  ftnd  the  water  thereby  |iroduccd  is 
coltectrd  and  mcxiured.  It  requires  79 
beat  unit»  to  nicit  I  gnn.  of  ice  to  1  gnn. 
of  water  at  o"  C 

^The  amount  of  heat  produced  by  a 
Itrmg  animal  is  eiinilariy  mci^ttred. 
The  animal  (Fig.  227),  io  a  cage,  is 
placed  in  a  lar^c  vcttcd,  which  t*  placed 
wiihin  another  ve»el,  and  the  inter-space 
filled  with  water,  llie  whole  »)muld  be 
roclooed  in  a  large  box  jjackrd  wiih  fur, 
shavings,  fcaihert.or  other  t>aU  conductor 
of  heal.  A  lube,  D.  U|^)cn<>  into  the  inner 
space,  and  from  it  there  is  an  exit  lube, 
1>',  which  winds  many  times  in  the  water 
•pace  beneath.  Air  pauses  in  through  I) 
and  out  by  D'.  The  temperature  of  the 
water  i»  OLsceilaincd  I>y  ihennomelcrs  T 
■Bd  T',  while  the  water  is  moved  by  a  stirm'  (R)  placed  between  the  two.] 

Just  as  in  a  calorimeter,  although  much  more  simvly,,  the  food  stuflls  within  our 
body  are  burned  up,  oxygen  being  supplied,  and  thus  potential  energy  is  trans- 
formed into  kinetic  energy,  which,  in  the  case  of  a  person  at  resi^  almost  com- 
pletely appears  in  the  form  of  heat. 

Heat  Unit!. — Favrc.  Silbermann,  FranklaiK),  Rechcnberg,  U.  Uanilewxky,  and  others  have 
mode  calnrimetric  experimenti  on  the  heal  produced  by  food.  According  to  lionilewsky,  1  gramme 
of  the  (allowing  dry  substances  yields  heat  nnia:  — 


Water  calorimeter  of  Uulung. 


■  Wiriqi  , 
9)e|)ioiw, 
Gbtlo, 
On-blood. 


.  5S55  I 
.5772  I 
.4«7b' 
. 5493  I 
59001 


Ot-flcsh 5724 

Vegetable  filirin,  .  62JI  | 
Ctuien.  ....  6141  I 
I.*gui'in.  .  .  .  5573  1 
Pkiiniiin 8S83  I 


Oldo 895S 

Sicarin 9036 

Oxfat.  ....  96*6 
t;iycerine,  .  .  .4179 
Starch,  ....  4479 
Iicxirose,  .  .  ,  J939 
Maltose,  ....  4163 
Milk  sugar.  .  .  .  4162 
Cane  t'Ugar,  .  .  .  4173 
Cow'«  milk,     .    .  5733 


Woman's  milk. 

Egg  yelk     .    . 
Potatoes,       .    , 
Rye  bread. 
Wheat  bread,  . 

kice 

Peas,    .... 
Buckwheat, 
Maize,       .    .    . 


Alcohol,  ,    , 
I'rca.    ... 

Muscle 

Kul  roc  lives 
(IJebig-s) 
Floh  extract. 
Acetic  acid,     . 
Bu'vric  acid, 
Palmi'ic  acid. 


.6980 

.  aS37 

[4400 

.  3216 
.3318 
-5647 
.9J>6 


As  altxmtin  i«  only  oxidited  to  the  stage  of  urea,  we  mutt  deduct  the  heat  uniia  obtainable  from 
urea  from  ihofe  of  ott^umin,  ami  as  i  part  of  alliumin  yields  in  round  numbers  atKiol  ^  of  urea,  we 
obtain  al*'Ut  5100  calories  [  =  2170  lcilogram-mclre«']  fur  1  grm.  of  albumin. 

Isodynamic  fooda.  r,  r.,  ihoi^e  that  produce  an  equil  amount  of  hcAl ;  loo  grnis.  animal  albumin 
(afi«i  (Inliicli'tg  ll'c  heat  unitt  of  urea)  ss  53  folss*  II4  starch  -=  129  dexlMse;  lOO  gmis.  fat  are 
iwnlT'iNmi-  with  24 j  *1ry  fle^h  or  2^5  of  dr}*  syntnnin  {A'li^Her] ;  100  grmfi,  of  vcgetahle  albumin  = 
55  f^t  -  131  Kixrrli  =:  137  dextrose  (Diini/ritnky)-  Kutiner  calculated  that  in  nun,  with  a  mixed 
dM.  the  wviilahh  but  units  for  I  grm.  of  albumin  -^  4100;  1  grm.  fat  =a  9,300;  and  for  I  gnn. 
cviwbydnte  la  4100  calorics. 

"^  *        **nnw  the  weight  of  any  of  the  above-named  substances  consumed  by 
four  hour?,  a  simple  calculation  enables  us  to  determine  how 
riucd  in  the  body  by  oxidation.  1.  ^.,  provided  the  substance 
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CHEMICAL  SOURCES   OF   HEAT. 


[Several  sources  of  heat  production  or  thermogenesis  are  lo  be  (bund 
in  all  tissues  wherever  oxidation  is  going  on.  The  nietabclisrn  of  protoplasin  is 
always  associated  with  the  evolution  of  heat.] 

(i)  In  ihe  iransformalion  of  ike  chemical  constituenis  of  the  /<fod,  endowed  *t/A 
a  iarge  amount  ef  /*oientia/  cncfx)',  into  such  substances  as  have  iittie  or  no  rner^. 
The  organic  substances  used  as  food  consist  of  C,  H,  O.  N,  so  that  there  takes 
place  (o)  Combustion  of  C  into  CO,,  of  H  into  H|0,  whereby  heat  is  pro- 
duced ;  1  grm.  C  burned  lo  produce  CO,  yields  8080  heal  units,  while  i  gnu.  H 
oxidized  lo  H,0  yields  37,460  heat  units.  The  O  necessary  for  these  purpowsii 
absorbed  during  respiration,  so  that,  to  a  certain  extent  at  least,  the  amount  of 
heat  |>rt>duced  may  be  estimated  from  the  amount  of  O  consumed.  The  Kiine 
consumption  of  O  eives  rise  to  the  same  amount  of  heat  whether  it  is  used  to 
oxidize  H  or  C  {Pjlu^er).  There  is  a  relation,  amounting  to  cause  and  effect, 
between  the  amount  of  heat  produced  in  the  body  and  the  O  consumed.  The 
cold-blooded  animals,  which  consume  little  O,  have  a  low  temperature;  among 
warm-blooded  animals,  i  kilo,  of  a  living  rabbit  takes  up  within  an  hour  0.914 
grra.  O,  and  its  body  is  heated  lo  a  mean  of  38°  C.  i  kilo,  of  a  living  fowl  uses 
1. 186  grms.  O,  and  gives  a  mean  temperature  of  43.9°  C.  The  amount  ol  heat 
produced  is  the  same  whether  the  combustion  occurs  slowly  or  quickly,  the 
rapidity  of  the  metabolism,  therefore,  affects  the  rapidity,  but  not  the  abM>tutc 
amount  of  heat  production.  The  combustion  of  inorganic  substances  in  ihe 
body  ^.  ^. ,  of  the  sulphur  into  sulphuric  acid,  the  phosphorus  into  phosphoric 
acid,  is  another,  although  very  small,  source  of  heat. 

[The  muscles  form  about  the  half  of  the  whole  mass  of  the  body  and  the 
bones  nearly  the  other  half.     In  the  latter,  oxidation  does  not  go  on  actively,  so 
that  the  muscles  must  be  the  great  seats  of  heat  production  or  thermogene&is  in  the 
body.     This  view  is  supported  by  the  fact  that  the  blood  leaving  a  muscle  at  rest 
contains  more  CO,  than  the  blood   in  the  right  ventricle.     Muscular  exercise 
greatly  increases  the  metabolism  and  the  CO^  excreted  (§  127),  but  at  the  same 
lime,  there  is  a  great  increase  in   heat  production.     The  muscles,  therefore,  are 
the  great  thermogenic  tissues,  and  they  yield  J  of  the  heat  in  health.    The  sev- 
eral secreting  glands,  e-specially  the  liver,  and  the  alimentary  canal,  during 
digestion,  are  also  fo<:i  of  heal  formation.] 

{if)  In  addition  to  the  processes  of  combustion  or  oxidation,  all  those  chemical 
processes  in  our  body,  by  which  the  amount  of  the  available  potential  energy 
which  is  present  is  diminished,  in  consequence  of  a  greater  satisfaction  of  atomic 
affinities,  lead  to  the  production  of  heat.  In  all  cases  where  the  atoms  assume 
more  stable  positions  with  their  affinities  satislied,  chemical  energy  passes  into 
kinetic  thermal  energy,  as  in  the  alcoholic  fermentation  of  grape  sugar  and  other 
similar  processes. 
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Heal  is  (it»o  developed  during  the  following  chcmicsl  processes : — 

(a)  During  the  union  of  bases  with  add«.    The  nature  of  the  base  dctennines  the  amouDt  of  hi 
produced,  while  the  mlure  of  Ihe  acid  is  without  effect.     <'.>aly  in  those  cues  where  dte  acid,  f./? 
COj,  i«  iinftlilc  lo  Mt  aside  ilie  alk.-iliiie  reaction,  the  amount   of  heat  pnxluccd  is  le&s.     The  fbmtt- 
tion  of  cuaipouiids  uf  chloriuc  (r.<'..  in  the  >luiiiach)  produces  heat. 

(,?)  When  a  neutral  salt  i»  changed  into  a  tiasic  one.  In  itie  blond  the  «u'phuric  und  |>ho»phonc 
acids  derived  from  the  corobustion  of  S  and  1'  arc  united  with  the  alksli'fs  of  ibe  bK>o<l  to  fcMm  i>tt>ic 
salts.  The  decomposiiion  of  the  carbonates  of  the  blood  by  taaic  and  phosphoric  acicU  fumts  a 
double  source  of  heat,  on  the  one  hand,  by  Ihe  fbrmalion  uf  a  neu  salt,  ami  on  the  utber,  by  like 
liberation  of  CO,,  wh'ch  ia  partly  absorbed  by  the  blood. 

(>)  The  combination  of  h.-i:inoglobiD  with  O  [\  36). 

During  those  chemical  processes,  whereby  the  heat  of  the  body  is  produced, 
heat-absorbing  intermediate  compounds  are  not  unfrequently  formed.  Thus,  in 
order  that  the  final  stage  of  more  complete  saturation  of  the  affinities  be  reached. 
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intermediary  atomic  groups  are  formed,  whereby  heat  is  absorbed.  Heat  is  also 
absorbed  when  the  solid  aggregate  condition  is  dissolved  during  retrogressive  pro- 
cesses. But  these  intermediary  processes,  whereby  heat  is  lost,  are  very  small 
compared  with  the  amonnt  of  heat  liberated  when  the  end  products  are  formed- 
(a)  Ccriain  physical  processes  are  a  second  source  of  hcvit.  {a)  The 
transformation  of  the  kinetic  mechanical  energy  of  internal  organs, 
when  the  work  done  ii  not  transferred  outside  the  body,  produces  heat.  Thus 
the  whole  of  the  kinetic  energy  of  the  heart  is  changed  into  heat,  owing  to  the 
resistance  opposed  to  the  blood  stream  {§  93).  Tlie  same  is  true  of  the  mechan- 
ical energy  evolved  by  many  muscular  viscera.  The  torsion  of  the  costal  cartilages, 
the  friction  of  the  current  of  air  in  the  respiratory  organs,  and  the  ingesta  in  the 
digestive  tract,  all  yield  heat. 

An  excessively  minute  amount  of  the  mechanicnl  enci^'  of  the  heart  is  transferred  to  surroundiua; 
bodies  by  llic  cardiac  ini);ulse  ami  (lie  f>ii[icrricial  puUc  Wala,  but  tliis  h  infiiiile^itniilly  small. 
During  respiration,  wlien  the  respiratory  gasrs  and  other  sut^ancef  are  expired,  a  veiy  small  amount 
of  enerty  di&ippeant  cxlcrnaUy,  which  dor»  not  become  changed  into  heal.  If  we  awume  iKat  the 
daily  wurls  of  the  circutalion  exceeds  86poo  kiloEram-metrcs.  the  heal  evolved  is  equal  (o  204.oo::t 
cakirict.  in  twenty-four  bour^  (}  93),  which  is  suf^cicnt  to  raise  the  temperature  of  a  pcnwii  of 
medium  size  2**  C. 

(^)  When,  owing  to  muscular  activity,  the  body  produces  work  which  is  trans- 
ferred to  external  objects,  e,^.,  when  a  man  ascends  a  tower  or  mountain,  or 
ihrovvs  a  heavy  weight,  a  portion  of  the  kinetic  energy  passes  into  heal,  owing  to 
friction  of  the  muscles,  tendons,  and  the  articular  surfaces,  as  well  as  lo  the  shock 
and  pressure  of  the  ends  of  the  bones  against  each  other. 

{c)  The  electrical  currents  which  occur  in  muscles,  nerves,  and  glands  very 
probably  are  changed  into  heat.  The  chemical  processes  which  produce  heat 
evolve  electricity,  which  is  also  changed  into  heat.  This  source  of  heat,  however, 
is  v^ry  small. 

{tl\  IXher  processes  ore  the  formation  of  heat  from  the  iihorpthn  of  CO,j  by  the  eottcentration  of 
water  BA  it  iMuscA  lhrou<jh  membranes,  in  imbibition,  and  the  formation  of  Ike  soUtis,  f.  g.,  of  cbllk 
in  the  bones.  After  death,  and  in  some  pathological  processes  during  life,  the  <oa^lafioH  of  blood 
and  the  production  of  rigor  mortis  arc  iourcej  of  heat. 

207.  HOMOIOTHERMAL  AND  POIKILOTHERMAL  ANI- 
MALS.— In  place  of  the  old  classification  of  animals  into  "cold-blooded" 
and  *'  warm-blooded,"  another  basis  of  classification  seems  desirable,  viz.,  the 
relation  of  the  temperature  of  the  body  10  the  temperature  of  the  surrounding 
medium.  Bergmann  introduced  the  word  homoiothermal  for  the  warm- 
blooded animals  (mammals  and  birds),  because  these  animals  can  maintain  a  very 
uniform  temperature,  even  although  the  surrounding  temperature  be  subject  lo 
considerable  variations.  The  so-called  cold-blooded  animals  are  called  poikilo- 
thermal,  because  the  temperature  of  their  bodies  rises  or  falls,  within  wide  limits, 
with  the  heat  of  the  surrounding  medium. 

When  homoiothermal  animals  arc  kept  for  a  long  time  in  a  cold  medium, 
their  heal  production  is  increased,  and  when  they  are  kept  for  a  long  time  in  a 
warm  medium  it  is  diminished. 

Fordycc  gave  a  proof  of  the  nearly  uniform  temperature  in  man.  A  man  remained  ten  minutes 
ia  an  orrn  contait>ing  veiy  d'y  hot  air  ({  218),  and  yd  the  temperature  of  ihe  pnira  of  his  band, 
mouth,  and  urine  was  jiicrea-sed  only  a  few  lentlu  of  o  def^ree.  liec  jucrcl  and  Urcchct  investigated 
the  i**mptfrarurt'  of  the  human  hiccpi  (by  means  of  thermo-electric  neellci),  when  the  arm  hod  r*fen 
une  hour  in  iced  uaicrr,  and  yet  the  temp  raiuie  of  ihe  muscular  tissue  was  cooled  only  0.2°  C  The 
same  tnosclc  did  not  undergo  any  incrto^c  in  temperature,  or  at  moiit  0.2*^  C,  when  the  man's  arm 
was  placed  for  a  quaner  of  an  hour  in  water  at  42*'  C. 

If  heat  be  rapidly  abstracted  (§  325)  or  rapidly  supplied  (§  221)  to  the  body, 
so  as  to  produce  rapid  variation  of  the  temperaiure,  life  is  endangered. 
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Poikilothermal  animals  behave  very  differently ;  the  temperature  of  their 
bodies  generally  follows,  although  with  considerable  variations,  the  temperature 
of  the  surroundings.  When  the  temperature  of  the  surroundings  is  increased,  the 
amount  of  heat  produced  is  increased,  and  when  the  surrounding  temperature  falls, 
the  amount  of  heat  evolved  within  the  body  also  falls. 

The  follown^  tabic  shows  very  clearly  the  characters  of  poikilothernial  animttlt.  e.g.^  fragv, 
which  were  ploced  in  nir  and  water  of  var^-ing  Icmpcmturcs.  They  were  immersed  up  to  the 
moulh.  The  tcmijca'ature  was  measured  hy  means  of  a  thennotneter  introduced  through  the  mouth 
into  the  stonmcli. 


In  Water. 

In  Air. 

Tempcnitun  of  the 
Wuer, 

Tcnperatare  or  Fros'* 
Siomocb. 

Temperature  ol  the 
Air. 

Temperature  of  Frog*! 
Sloraach. 

30^ 
ao.6 

38.0*0. 
39.6 
20.7 
S.O 

5.3 

404'*  C. 

274 

6.2 

5.9 

31  rc. 
19.7 
14.6 
7.6 

S6 

[Temperature  of  DifTereni  Animals. 


Biida. 

Temp. 
Thalawi^ma,    .   .    .    40.30 

Procellaria, 40.80 

Goose 4J-70 

SP««>* \42.10 

Pigeon,    .    .    ,     41.80^2.50 

TurVey, 42-70 

Guinea  fowl,    ....    4390 

^^ {tXo 

Crow 41.17 


Temp. 

Swallow, 44.03 

Cull 37.8 

Mammals. 

Tiger, 37.20 

Horse,  ....     36.80-37.50 

Rai, 38.80 

Hare, 37.80 

Cm, 38.30-38.90 

Guinea  pig 38  So 

f  37-40 

Dog, \  39<M 

I  39.60 


Temp. 

Panther, 38-90 

Mouse, 41.] 

Dolphin, 35.5 

137.30-40.00 
39.50-40.00 
40,00-40  50 

Ape, 3550 

Guinea  pig,    .    .  35.76-38,00 
Rabbit,    .    .    .      37.50-38.00 

Ox 37.50 

Aas, 36  95 

{Giivarret  &*  /foi/n/Aa/).] 


Reptilei — Snake?,  io''-i2*,  but  higher  when  incubating.  Ampkihiam  andfiihn — o  5°-3*  abox-e 
the  icnipernture  of  the  surroundings.  Artkropoda — o.i**-5.8'  above  the  surroundings.  Bees  in  a 
hive,  3o'*-32'',  and  whtm  swarming,  40*.  The  following  animals  have  a  tein|>cn«urr  higher  than  the 
surrounding  temperature:  Cephalopoda,  0.57**;  iroUujiks,  0.46°;  ccbinodenns,  040:  meduiw,  0.27" ; 
pol>i»,  o.2i'>C. 

ao8.  ESTIMATION  OF  TEMPERATURE —By  using  ihcrmomctric  apparatus,  wc  are 
CBBbleH  m  obinin  infurmaijon  regardmj;  ihc  Hegree  of  heal  of  the  biidy  to  be  invesnyaced.  For  this 
purpose  the  fnllowinp  meihoda  are  employed  :^ 

A.  The  Thermometer. — Celsiu?  (i70[-i  744)  divided  his  ihennnmelcr  into  loo  parts,  and  each 
part  was  again  divuled  into  10  pans,  so  that  ^^^  C.  coutd  be  easily  read  off.  All  thennomeicrs 
which  have  t)een  used  for  a  long  time  give  tuo  hi|ih  readings;  hence  they  should  tie  compared, 
from  time  to  lime,  wtib  a  normal  thermometer.  When  taking  the  temperature,  ihe  bulb  ought  to 
be  surrounded  for  fifteen  minuies,  and  during  the  lo&t  five  minutes  (he  mercury  column  ought  not 
10  vary.  A  very  secisitive  thermometer  will  mdicatc  the  temperature  after  seven  second^  if  the 
tirine  stream  be  directed  upon  in  bulb.  Minimal  and  maximal  ihennometers  are  often  of  use  to 
Ihe  phv^ician, 

[Clinically,  one  of  the  thermomeiers  shown  in  Fig.  228  may  be  uKd.  They  Drc  self- registering 
maximum  thermometers,  1.  f.,  a  portion  of  the  mercury  is  separated  from  the  mercurial  column* 
to  funn  the  index,  the  lop  of  which  indicates  the  temperature.  Before  being  used,  the  index 
must  be  welt  below  the  normal  temperature.  Varioui  fornu  of  iurface  thermometers  have  been 
used.] 
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Wtlferdin'*  metastatic  thermometer  (Fig.  229)  is  ipecinlly  useful  for  companiiTe  observation. 
The  tnbe  is  very  nanow  id  comparison  with  the  bulb,  and  in  order  that  the  item  be  not  too  long,  it  la 
consti acted  so  that  the 
amuunt  of  mercury  can  Fic.  338.  Fin.  229. 


be  varied.  A  quantity 
of  mercury'  is  taken,  so 
that  with  the  tempera- 
lure  expecic«l  i  he 
thrriid  of  mcnury  will 


■r.y  T 


J 


:2i 


A,  C— »rlU'»  "inlktlibk."  B,  "  Ferris' pettect,"  Biid  C,  Evaru'and  WernuU'k  ' 

lh«fO)umet«n. 


'tua4lmnt"  cUnicat 


Stand  aboQt  the  middle  of  the  stem.  A  small  bulb  at  the  upper  pin  of  the  stem 
receives  the  excess  of  Kg.  Suppose  a  temperature  between  jy^-^o'  C.  is  to  be  mens- 
u[e<l,  the  bulb  U  First  healed  a  little  over  40°  C,  it  is  then  suddenly  cooled,  and  shaken 
at  the  same  lime,  so  that  the  thread  of  mercury  U  thereby  suddenly  broken  alravc  40**. 
The  tal>e  is  so  narrow  that  l°  C.  is  equal  to  about  to  centimetres  of  the  length  at  the 
tube,  so  that  jJq°  C.  is  still  i  millimetre  in  leogtb.  I  he  scale  is  divided  empirically, 
but  the  value  ul  the  divisions  must  be  compared  with  a  normal  thermomeirr. 

Kronecker  and  Meyer  used  very  small  maximal  "outflow  thermometera/' and 
caused  thetn  to  pass  through  the  JnteMinal  canal,  or  through  large  blood  vcucU.  The 
mercury  flows  out  of  the  short  0|*cn  iuIht,  and  of  cnurse  more  Hows  out,  the  higher 
itie  temperature.  After  these  small  bullv  have  (>asse<l  through  the  animal,  a  comparison 
is  instiiuted  with  a  normal  thermometer,  to  determine  at  what  temperature  the  mercury 
reaches  the  free  margin  of  the  lube. 

B.  Thermo-electric  Method. — This  method  enables  u^  to  drtermine  the  tempera- 
ture accurately  and  rapidly  (Kig.  230,  I).  The  thermo-electric  galvanometer  of 
MeisJner  and  Mcyerslcin  consists  of  a  lircular  magnet  (mt)  suspended  Liy  a  thread  of  silk 
(c),  to  which  a  small  mirror  (S)  is  attached.  A  lar^e  stationary  bar  magnet  (M)  is 
placed  near  the  magnet  {m),  so  ihai  the  nonh  poles  {it  and  iN)  of  b<'ih  magnets  point  in 
the  Mmc  direction,  ami  it  is  mi  nrrurged  that  (he  suspended  magnet  is  cauwd  to  point 
to  the  noith  by  a  mimmal  action  ot  M.  A  thick  copper  wire  (Z'.fi)  is  coiled  several 
times  round  m  (aUhough  in  the  figure  it  b  represented  as  a  single  coil),  and  the  ends  of  the 
wire  ore  soldered  to  two  ihrrmo- elements,  each  composed  of  two  different  metals — iron 
and  German  silver,  the  two  similar  free  elements  being  united  by  a  wire  (6),  to  that  the 
two  theimo-elemcnta  form  part  of  a  clofted  circuit.  A  horizontal  scale  (K,  K)  is  placeil 
at  a  distance  of  3  metres  frum  the  mirror,  so  that  the  divi»ionfr  of  the  scale  are  ^cn  in 
the  mirror.  The  scale  itself  rests  u|x>n  a  ielc»cope  (K)  directed  toward  the  mirror.  The 
observer  (H),  who  look*  through  the  teIe5CO|<e,  can  see  the  divisions  of  the  scale  in  the 
muTor.  When  the  magnet,  and  with  it  the  mirror,  swing  out  of  the  magnetic  mrridian, 
the  observer  notices  otncr  divisions  of  the  scale  in  the  mirror.  When  one  of  the  ihermo- 
elemenis  is  heated,  an  electrical  current  is  produced,  which  parses  from  the  iron  to  the 
(jerman  silver  in  the  heated  couple,  and  causes  a  deviation  of  the  ku«pende1  magnet. 
Suppose  a  person  were  swimming  in  the  direction  of  the  current  in  the  conducting  wire, 
then  the  north  pole  of  the  magnet  goes  to  the  north  {Ain/^rf).  The  tangent  of  the 
angle  ^.  through  which  the  freely  movable  magnet  i*  diverted  by  a  galvanic  cxirrcnt,  from 
its  {osiiiun  of  rest  or  zero,  io  the  m^^nelic  meridian,  is  the  same  as  the  galvanic  stream  ; 

G 
G  is  proportional  to  the  magnetic  energy  D,  r.  e.,  tang.  ^=  ^.     If  G  is  to  remain  the 

ume.  and  the  tang,  9  to  be  as  large  as  jwssibte,  the  magnetic  energy  must  be  diminished 
■a  much  as  possible.  If  the  magnetism  of  the  sus;>endcd  magnet  be  indicated  by  w,  and 
that  of  the  earth  by  T,  the  magnetic  directing  encr);y  D  =r  Tm,  so  that  D  can  l>e  dntin- 
goished  tn  two  waj-s:  (1)  by  diminishing  the  magnetic  moment  of  the  suspended  mag- 
net, as  may  be  done  by  using  a  pair  of  astatic  needles,  such  as  are  used  in  Nobih's 
galvanomeier;  (3)  and  also  by  weakening  the  niagneti>m  of  the  earth,  by  placing  an 
acccMoiy  tUtlonary  magnet  ^Hauy's  rod)  in  the  same  direction,  and  near  the  su«pendcd 
magnet.     Ad  important  arrangement  for  rapidly  getliog  the  magnet  to  rero  is  the  dcod- 
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beat  arrar^ement  of  Gau»  {not  figured  in  the  scheme).     It  consists  of  a  thick  copper  cylinder,  as  j 
which  the  wire  of  the  coil  is  woaiid.     'Vtrn  ma»  of  copper  may  be  regardei)  as  a  closed  autlii|ili. ' 
calor  wiih  a  vtry  large  transverse  section.     The  vibrjling  magnet  induces  in  tliis  closed  drcol  i 
current  of  electricity,  whose  intensity  is  greaCe&t  vrlien  tiic  velocity  of  the  excun»toa  of  the  niKriKi  it 
^rcalcst,  and  which  takes  the  op[)Oiiic  direction  as  soon  b&  the  luagnct  retunu  toward  xcro.    TIkk  j 
induced  currents  cause  a  diminui  ion  of  the  vibration  of  the  magnet  in  ihiii  way,  that  the  arc  of  riin* 
tion  of  the  magnet  diminishes  very  rapidly,  nlmo^l  in  a  geometrical  progrc^sioiL     The  uidvcfd 
damping  current  is  stronger,  the  Ie»<>  the  rosi&tancc  in  the  closed  circuit,  autl  in  the  damper  ur  ikad- 
beat  ariangeroent  itfelf,  the  greater  the  section  of  the  copper  hug.     1  fais  danpmg  arrangvmetit  linii 
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Scheme  of  th«mo-elcctnc  amngementK  for  estimating  the  ieiiipcraliir«. 

the  oscillationa  of  the  magnet,  and  it  comei  to  rest  rapidly  and  promptly  ifler  3  or  4  small  vibrati* 
^o  that  much  lime  is  saved.     The  angle  of  deviation  is  so  small  that  the  angle  itself  may  be  t»' 
instead  of  tlic  t^in^cnt. 

The  thermo-electric  needles  of  iJutrochct  (11)  may  i»c  placed  in  the  circuit.     They  cooia^ 
iron  and  (jcnuon  silver  soldered  at  their  |>oints ;  or  the  needles  of  Becquercl  [  1 1 1 1  may  I*  used.     »  ^^! 
Consist  of  the  somr  mtrtal  soldered  in  a  straight  line,  one  liehind  the  other.     The  nmlla  niust  ali^^^*- 
be  covered  by  a  varnish,  which  will  prevent  the  parenchjinatous  juices  from  acting  upon  than,  and 
causing  a  current.      Before  the  exjienmcnt  wc  ma>l  determine  what  extent  of  excitrsioo  on  flu  scmX^   _\ 
obtained  with  a  certain  lenpo-ature.     tn  order  to  determine  this,  a  dcltcaie  ihcnnooielcr  11  lai^^ 
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to  each  of  the  thenno-couplcs,  and  both  tae  plnced  b  oU  baths,  which  differ  in  temperature — my  by 
1^  C. — 05  can  he  determinol  by  the  themiomtter.  ^Mle^  the  current  h  closed,  the  excursion  rm  the 
scale  will  indicate  i"  C.  Suppose  that  the  cxcimion  was  150  nun.,  then  cncb  mni.  of  the  scale  would 
be  equal  to  ^^^'^  C.  Wlicn  this  is  ddcrmineil,  the  two  thermo- needles  may  l>e  placed  in  the  difTcrcnt 
Uauet  or  organs  of  aoituals.  and,  of  couTte,  we  ohfam  the  difference  of  teni^ieraiure  in  these  places. 
Or  one  Ihcnno-couple  inay  be  placed  in  a  bath  uf  cou^toiit  lauperaturc  (nearly  that  of  the  body),  in 
which  h  placed  a  delicate  ihermnmetcr,  while  the  other  needle  is  introiluced  into  the  or^on  to  be 
invcatigaled.  In  this  ca&e,  we  obtain  the  diOcrence  of  temperature  between  the  tissue  and  the  source 
of  the  constant  heoL  The  electric  current  pojiscs  in  the  warmer  needle  from  the  iron  to  the  German 
silTcr,  and  thu*  through  the  wires  of  the  apparatus.  For  small  differeDce&  of  tempemture.  such  as  occur  in 
the  body,  the  tbenno-electric  enct^  is  nJways  proportional  to  the  difference  of  temjieralure  of  the  two 
oeedlo  or  couples,  la  place  of  a  single  pair  of  needles  several  may  be  used,  whereby  the  sensitiveness 
of  the  apparatus  is  greatly  incrcAMHl.  Helmholtz  found  that  by  using  sixteen  antimony- bismuth 
couples  he  could  detect  an  increase  of  {^^^  C.  Schifiier  prepared  a  lin^le  thermopile  (IV)  by 
»olderinf{  togetber  alternately  four  pairs  of  wires  of  iron  (/)  and  OtTraan  stiver  (a).  These  arc  placed 
in  the  two  organs  (A  aod  B)  whicn  are  to  be  investigated,  whereby  a  very  high  degree  of  exactness  is 
obtained. 

209.  TEMPERATURE  TOPOGRAPHY.— Although  the  blood,  in 
virtue  of  its  continual  motion  (completing,  as  it  does,  the  circulation  in  twenty- 
three  seconds),  must  exercise  a  very  considerable  influence  on  the  equilibration  of 
the  temperature  in  different  organs,  nevertheless,  a  completely  uniform  tempera- 
ture does  not  exist,  and  the  temperature  varies  in  different  parts : — 


I.  Sldn  (/  Dnvr). 

Middle  of  the  sole  of  the  foot,  32.26^  C. 

Near  tendo-Achillis 33*8$ 

ADlirior  surface  of  leg,  .    .    .  33.05 

Middle  of  calf. 33.85 

Bend  of  knee, 35oo 


Middle  of  upper  arm, 

.Id.  .    . 


....    35.40"  C. 

Inguinal  fold 35  So 

New  cardiac  impuUe 34-40 

Face 31.00 

Nose  and  tip  of  ear, aa.34 

In  the  closed  axilla,  36.49  Imeau,  of  $0$   individuals) :— 36.5  to  37.35  {  Wutiiierluh) ; — 36.89**  C. 
(Liehermeisttr\     The  skin  over  muscles  ts  warmer  than  that  over  bone  {^KuHkel\^ 
The  temperature  of  the  skin  of  the  head  is  higher  in  the  Ibrebead  and  parietal  r^ion  than  in  the 
OCCipttal  rqpon;  the  skin   on   the   left   side   of  the   bead    is   warmer  than   on  the  right.      I>y»pnu:a 
increaacs  the  temperature  of  the  skin. 

Method. — Liebcrmcister  detennines  the  temjterature  of  free  cutaneous  surfaces  thus:  The 
twlh  of  the  tbemK)a)eter  is  heated  slightly  aliove  the  temperature  expected  ;  after  the  mcrctiry  liegins 
to  fall,  the  bulb  Is  placed  on  the  skin,  and  if  the  bulb  has  the  same  tempcnUnre  ox  the  skm,  the 
mercury  remains  stationary.     This  experiment  must  be  repeated  several  times. 

X.  Cavities. 

Mouth  under  the  tongue,   .    .    37.19*  C.   I    Vagina, 38.30' C. 

Rectum, 3801  |    Urine, 37-OJ 

Uterine  cavity  somewhat  warmer;  cervical  caoal  of  the  uterus  somewhat  cooler. 

The  temperature  falls  in  the  stomach  during  digestion  (§  166,  i).  Cold 
injections  (11°  C. )  into  the  rectum  rapidly  lower  the  temperature  in  the  stomach 
1°  C.  (  WinirrnitzY 

3.  The  temperature  of  the  blood  is,  as  a  mean,  39**  C.  The  venotjs  blood 
in  internal  viscera  is  warmer  than  the  arterial,  but  it  is  cooler  in  peripheral  parts  : — 


Blood  of  the  right  heart,  . 
left  heart,   . 
"        aorta,    .    .    . 
"        hepatic  vein. 


.  38  «** 
.386 
.    38.7 
.    397 


Blood  of  the  smirrior  vena  cava,    .    .    .     36.78*' 
*'         inferior  vena  cava,     .    .    .    38.II 

"         cmrol  vein, 37-20 

'•  ( a.  Bernard  and  v.  Litbig. ) 


The  lower  tempoature  of  the  blood  in  the  left  heart  may  be  eitplained  by  the  blood  becoming 
cooled  in  its  pauoge  through  the  lungs  during  rc»pirati<in.  According  to  Heidenhoin  and  Kfimer, 
*he  right  bemrt  is  slightly  warmer  because  it  lies  in  relation  with  the  warm  liver,  while  the  left  heart 
B  *WTOtusded  l>y  the  lung,  which  contains  air.  This  observation  is  disputed  liy  othen.  who  say  that 
''«  lefl  bc.>n  i>  ftli^^htly  wanner  because  the  comlnulifin  proceaaes  are  more  active  in  orlmal  bloixl,  and 
Mat  IS  rvolvcd  during  the  formation  of  oxy haemoglobin.  The  blood  in  the  veins  is.  uiuolly  cooIct 
^9  in  the  corresjKMKiing  arteries,  owing  to  the  superficial  position  of  the  former,  whereby  they  give 


<»ffV 


.jVyw  <jMring  their  long  course;  thus  the  b 
wood  jn  the  carotid :  the  crural  itin  V  to  i 


blood  of  the  jmiHlar  vein  H  }4  ^'J  3'*  C  lower  thnn  the 


■we  eipcfoially  those  erf  the  skin,  give  off  moch  heat,  and  their  blood  is,  therefore,  somewhat  cooler. 
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The  w»rmeBt  blood  is  that  of  the  hepatic  vein,  39.7"  C,  portly  owing  lo  tht  great  chemicaJ 
changes  which,  occur  within  the  liver,  from  it^  !>ecri.'tor>-  activity  (j|  210,  a),  and  porily  to  ill  protected 
sUumtion. 

4.  The  individual  tissues  are  warmer  :  (i)  The  greater  the  transformation  of 
kinetic  energy  into  heat,  /'.c,  the  greater  the  tissue  metabolism;  (3)  the  more 
blood  they  contain  ;  (3)  and  the  more  protected  their  situation.  According  to 
Hcidenhain  and  Korner,  the  cerebrum  is  the  warmest  organ  in  the  body. 


Subcutaneouf  tiwue  (sheep),  .    .  37.35"  C. 

Brain, 40.25 

Lircr, 4»-25 

Lungs, 41-40 


RectUR] 40.67*  C. 

Right  heart •    ..  41.60 

Left  heart 40,90 


Becqucrcl  an<I  Drechet  found  the  tempersturc  of  the  hunun  subcuUncouft  tissue  to  be  2.1°  C.  lower 
than  that  of  the  neighboring  muscles.  The  homy  tissues  do  not  produce  beat,  and  tbcir  low  tempera- 
ture is  due  !o  the  conduction  of  heat  from  the  part*  on  which  they  grow.  The  temperature  of  the 
cornea  partly  depends  on  thit  of  the  iris,  and  the  more  contracted  the  pupil  is,  the  more  heal  it 
receives  from  the  blood  vessels  of  the  iris. 

210.  CONDITIONS  AFFECTING  THE  TEMPERATURE  OF 
ORGANS. — The  temperature  of  the  individual  organs  is  by  no  means  constant ; 
it  is  influenced  by  many  conditions ;  among  these  are  the  following  : — 

(1)  T^e  mare  heat  produced  independentiy  within  a  part,  the  higher  is  a/It 
temperature.  As  the  amount  of  heat  produced  within  a  part  depends  upon  its 
metabolism,  therefore,  when  the  metabolism  is  increased,  the  amount  of  heat  pro- 
duced is  similarly  increased. 

{a)  Glands  produce  more  heat  during  the  act  of  secretion,  as  is  proved  by 
the  higher  temperature  of  their  secretion,  or  by  the  higher  temperature  of  the 
venous  blood  flowing  out  of  their  veins, 

Ludwig  found  that  when  he  stimulated  the  chorda  tymponi,  the  saliva  of  the  suhmaxilUry  gland 
was  1. 5"  C.  warmer  than  Ihr  blood  in  thf  carotid,  which  supplied  the  gland  with  bloorl  (p.  25S).  The 
blood  in  Ihe  renal  vein  in  a  kidney  which  \%  secreting  is  warmer  than  the  blood  in  the  renal  artery. 
The  secreting  liver  [irochiccs  much  heat  W  178).  CI.  Bernard  invtMignlcd  the  tempcmtitre  of  the 
blood  of  the  portal  and  hepatic  veins  during  hunger,  at  the  U^nning  of  digestion,  and  when 
digestion  was  tnutrt  active,  and  he  found  : — 

Temperature  of  portal  vein^  . 
**  hepatic  vein, 

TempenUorc  of  portal  vein,  . 

**  liejxilic  vein, 

Temperature  of  jwrtal  vein,. 

"  hqiatic  vein, 

In  ibe  A<a%  a  moderate  diet,  chemical  or  mechanical  ftimulation  ot  the  gastric  mucous  membrane,  or 
even  the  sight  of  food,  raisc't  the  tempcnilure  in  the  stomach  and  intestine. 

{ii)  When  the  muscles  contract,  they  evolve  heat.  Davy  found  that  an 
active  muscle  became  0.7*  C.  warmer ;  while  Becquerel,  by  means  of  a  thermo- 
galvanometer,  found  tliat  human  muscles,  when  kept  contracted  for  five  minutes, 
became  i*^  C.  warmer  (§  302). 

This  is  one  of  the  reasons  why  the  temperature  may  rbe  above  40**  during  rapid  running.  A 
temperature  obtained  by  energetic  muscular  action  usually  does  not  fall  to  the  normal  until  after  resting 
for  \^  hour.  Ilie  low  temperature  of  paralyzed  limbs  depend*  partly  upon  the  abaence  of  the  mus- 
cular contractionit. 

(f)  With  regard  to  the  effect  of  sensory  nerves  upon  the  temperature,  some 
of  tne  chief  points  lo  ascertain  are — whether  the  drculation  is  accelerated  or 
retarded  by  their  stimulation,  or  whether  the  respiration  is  increased  or  dimin- 
ished (§  214,  II,  3"),  and  whether  the  muscles  of  the  skeleton  are  relaxed  or  con- 
tracted reflcxljr  (§  214,  I,  3).  In  the  former  case  the  temperature  of  the  interior 
and  rectum  is  increased  ;  m  the  latter,  dimuiished. 


37.8«»C 

I 

Afitr  4  days' 

{ 

Blood  of  right  heart. 

,^■4 

start'afioH. 

38.80 

(Hunger  period.) 

39-9 

\ 

1 

Bt^MHtMg  0/ 

39  5 

digeUion. 

397 

} 

Digestion  ma/ 

f 

Blood  of  right   beaxt. 

41-3 

active. 

1 

during  digedion,  39.2^. 
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(</)  The  temperature  of  the  body  rises  during  mental  exertion.  Davy 
observed  an  increase  of  0.3**  C.  after  vigorous  mental  exertion. 

(f)  The  parenchymatous  fluids,  serous  fluids  and  lymph  produce  little  heat, 
owmg  to  their  feeble  metabolism,  hence  they  have  the  same  temi)erature  as  their 
surroundings ;  the  epidermal  and  horny  tissues  do  not  produce  heal,  they  merely 
conduct  it  from  subjacent  structures. 

(1)  The  temperature  depemfs,  to  a  iar^e  extent ^  upon  the  amount  of  bhod  in  an 
organ,  and  also  upon  the  rapidity  with  which  the  bhod  is  renewed  by  the  circula- 
tion. This  is  best  observed  in  the  difference  of  the  temperature  between  a  cold, 
palCp  bloodless  hand,  and  a  warm,  red,  congested  one. 

Becfjucrcl  and  Hrediel  founO  ihni  ihe  leinpcnturc  of  ihe  biunaii  liicejM  fell  Mfvcral  icnUu  of  a  degree 
vhm  the  axiUar>'  ar1er>-  wns  compre»ed.  IJgoture  of  the  cniral  artery  and  vein  in  n  dog  causes  a 
£iU  of  Mn'eral  degrcc!».  If  the  extremities  be  ke|it  siupetided  in  the  air,  they  become  bloodlcu  and 
cold. 

lJeheniH-i!4(.'r  has  pointed  out  a  difierence  with  regard  to  the  extemftl  and  internal  ports  of  the  l>od)r. 
The  external  parts  eive  afTitxire  heal  than  they  produce,  w  that  thi-y  become  cooler  the  nuire  »low|y 
Dcw  bUvHl  flows  into  UHsn,  and  wanner  the  greater  the  mpidtty  of  the  blood  stream  through  therii. 
Acccleralinn  of  the  hbxHl  «trviuii,  therefore,  caiues  the  lempcmturc  of  ixrtpberal  osuis  to  a|)proxinuile 
more  and  more  to  the  temperature  of  internal  organs,  while  reinrdaiion  of  the  blood  stream  causes 
tlirm  lu  a[j{«ijacb  the  leni]X!raIure  of  the  surrounding  medium  Exactly  the  reverse  is  the  ca.'te  with 
internal  parts,  where  a  large  amount  uf  htait  is  prcxluced,  and  heat  is  gi%-en  up  almottt  alone  to  the 
blood  which  Hows  through  them,  'llieir  leraperBture  must  fall  when  tlie  blood  stream  through  them 
tt  accelerated,  and  it  is  nUM-d  when  the  blood  stream  ts  retarded.  Hence  It  follows,  (liat  thtr  grtairr 
the  differtnt'e  of  tht  ttmf^traturt  bttatetn  ptriphrrat  and  internal  .parti,  the  ittnvir  must  be  the 
vtloaiy  0/  Iki  circutaiion. 

(3)  If  the  position  of  an  organ  be  such,  or  if  other  conditions  cause  it  to 
give  ofl"  heat  by  conduction  or  radiation,  then  its  temperature  fails. 

A  good  ei^ampte  of  lht»  is  the  skin,  which  varies  greatly  in  tempcratare  according  to  the  tempera- 
lure  of  Ihe  surrounding  medium,  whrlhrr  it  is  covered  or  unco\'ered,  whether  it  is  dry  or  moiiit  with 
sweat  (which  aMmcti  heat  wlicn  it  evaporates).  When  mmh  cold  food  or  drink  i-;  laken,  the 
itomach  U  cooled,  and  when  ice-cold  air  is  brenthed,  the  respiratory  passages  a«  far  as  the 
farODchi  are  coolnl. 

an.  ESTIMATION  OF  HEAT.— Calcrimetry  is  the  method  of  deter- 
mining the  amount  of  heat  possessed  by  any  body,  or  what  amount  of  heat  it  is 
capable  of  producing.  The  unit  of  measurement  is  the  "  heat  unit,"  /.  e.,  the 
amount  of  heat  (or  potential  energy)  required  to  raise  the  temperature  of  1 
gramme  of  water  1*  C.  (sec  Introduction). 

Etcperimrnt  has  <hown  that  eifuat  quantifies  of  difftrent  itihstamei  require  very  unequal  amounts 
»f  ktal  lo  raise  iKem  to  ihe  tame  temperature^  e.  g.,  I  kilo,  water  r«iuircs  nine  limes  as  much  heal  ax 
I  kiln,  iron  (o  roiK  it  to  the  »ame  temperature.  In  the  human  body,  therdbre,  which  is  composed  of 
very  diflermt  sul»tanca.  unequal  amounts  of  heat  will  \ic  re4|uired  to  rabe  them  all  (o  the  sume  tem- 
perature, llie  Mime  amnunt  of  heat  traiLifcrreil  to  two  difTerent  subittancrs  will  raise  them  to  different 
teinjwalures  Hence,  Indies  of  difTcTeiit  temperatures  may  contain  equal  amounis  of  heat.  The 
amount  of  hcol  m^uircd  to  raise  a  dclinile  cjuantity  {e.  g.^  t  grm.)  of  a  substance  to  a  certain  higher 
degree  (#.  g.,  i*^  C.)  is  called  "  specific  beat."  The  specitic  beat  of  water  (which  of  all  bodies  bos 
the  highest  specific  heat)  is  taken  as  =  1.  By  "  heat  capacity  "  i&  meant  that  property  of  Ixidies 
in  virtue  of  which  thry  muK  olKorb  a  given  amount  of  heat  in  order  to  have  a  certain  temperature. 

Calorimetry  is  employed : — To  determine  the  specifie  heat  of  the  tiifferent  origans 
fif  the  body. — Only  a  few  observations  have  been  made.  The  mean  specific 
heat  of  the  following  animal  parts  (water  ^  i)  is : — 


Hunwa  blood  a  a.oa    (?) 

Arterial  hkiod  =  l.o,)i  (?) 

Vcnoui  blood  =  0.89a  \j\ 

Cow's  milk  =  0.992 


1 1 uman  muscle  =  0.74I 

Ok  muscle  =  0.787 

Compact  bone  =  o.j 

SpOt^fy  hone  ^  0.71 


Fal  tmue  ^s    0.712 

Striped  muscle  =     0.835 

DcAlvinatcd  blood  ==     0,927 

[J.  /Hoienthal.) 


The  specific  heat  of  the  human  botiy^  as  a  whole,  is  about  that  of  an  equal 
volume  of  water  (?). 
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Kopp's  Method. — The  soliti  lo  be  investigated  is  broken  in  piece*  ftlwii  the  siie  of  ■  pea,  and 
placed  in  a  test-tube,  A,  willi  thin  walU,  which  is  cli»ed  abcne  with  a  cork,  from  which  a  ctfppa  wire 

with  a  hook  on  it  projecU  {tig.  231).     The 


Flc.  231. 


W^-' 


<\ 


L± 


test-tul:e  contains  a  certain  quantity  of  fluid 
which  docs  not  dissolve  the  subsuuicc,  but 
■which  lies  l»rtw«m  its  pieces  and  covers  it. 
It  is  weighed  three  tinie»  to  ascertain  the 
weight  (I)  of  the  empty  glass,  (3)  after  it  is 
tilli-d  with  the  ."loliil  sulistancc,  (3)  after  Ibe 
fluid  is  added,  so  that  wc  obtain  the  weigfat 
of  the  Aolid  <iU?)4tBncc,  m,  and  that  of  the 
tluid,  f.  The  test-lube  and  its  contents  are 
n  n  IT    --p|  ■  ■        placed    in    a    mercury   ImiA,    IIB,  and    tins 

.  B  0  " !  '""''j^      agnin  in  an  oil  bafh,  CC,  and  the  whole  is 

milted  to  a  lugh  tcjiipcrature.  Into  BB  tha« 
\'<  intnxiuced  a  fine  thermometer,  T.  When 
the  tube.  A,  has  renched  the  neccj«ory  tem- 
iwmture  (say  40°),  it  \s  rapidly  placed  in  the 
water  of  the  acconipAn>iiig  caloriineter  box, 
DD.  The  water  in  this  Ixhc,  which  also 
contains  a  thermometer,  D,  is  kept  in  nwdoo 
until  it  liss  completely  absorbed  all  the  heat 
given  off  by  A.  Ijct  T  represent  the  tem- 
K  j ,     ..,  I      .iu«  fur  estimating  ipccifiehtai.  pcratUTC  to  which  A  and  \\i  contents  were 

raised  in  iJie  mercurj-  both,  and  T.  the  tem- 
perature to  which  it  fell  in  the  calorimeter;  let  j  be  the  specific  heat,  and  m  the  weight  of  the  sohd 
substance  in  the  test  tube,  while  a  and  >i  rqiresent  the  specific  heat  of  the  weight  of  the  intenoitial 
fluid  in  the  tcst-iubc;  and  Ustly,  let  ro  equal  the  oinouni  of  water  in  contact  with  A,  which  ahsorbft 
and  gives  off  heat ;  then  W  rcprcseniii  the  amount  of  heat  which  the  tebt-tubc  and  its  contcnb*  give  oft 
during  C(X>ling. 

W  =  (i.«  +  tt.  +  c,i)(T-T,). 

The  amouDl  of  heal,  Wp  absorbed  by  the  calorimeter  is 

where  M  represents  the  amount  of  water  in  the  calorimeter.  /  the  original  temperature  of  the  water  in 
the  calorimeter,  and  /^  the  temperature  to  which  it  is  raised  by  placing  A  iu  iL  If  W  and  W,  are 
equal,  then 

If  a  fluid  subedancc  is  placed  in  the  test-tube,  and  ita  weight  =  m,  and  its  spedlk  heal  =  x,  the 
formula  for  the  speciHc  heat  oi  the  fluid  to  be  investigated  \s 

_  M(/,-/)-w(T-TO 

m  (T-T,)         " 

II.  Calorimetry  is  more  important  for  determiniDg  the  amount  of  heat 
produced  in  a  given  time  by  the  body  as  a  whole,  or  by  its  individuai parts. 

I^avoisicr  and  Laplace  made  the  first  calorimetric  observotiot^  on  animals  in  17S3,  by  means  ol  an 
ice  calorimeter;  a  guinea  pig  melted  J 3  01.  of  ice  in  ten  hours.  Crawford,  and  afterward  Dulong 
and  L>e»pret/,  used  Kumford's  water  calorimeter,  which  is  similar  to  Favre  and  Silbcrmann't.  Small 
animals  are  placed  in  the  inner  thm-wallo)  copper  chamber  (^K),  which  is  placed  in  n  water  bath 
sarrouiided  on  all  sides  by  some  non-conducting  malerial.  We  require  to  know  the  amount  of  water, 
and  its  original  tcm|>erature.  The  number  of  calories  is  obtained  from  the  increase  of  the  tenii>eralure 
at  the  end  of  the  experiment,  which  lasts  leveral  hours.  The  air  is  supplic<l  to  llie  aninu.1  through 
a  special  apparatus,  rcsembhng  a  gasometer.     The  amount  of  CO,  in  the  gases  evolved  is  t^timateil. 

According  to  Despretz,  a  bitch  forms  14,610  heal  units  per  hour — /'.<■.,  393,000 
in  twenty-four  hoiirs.  Other  things  being  equal,  a  man  seven  times  heavier  than 
this  would  produce  in  twenty-four  hours  about  2,750,000  calories.  Senator  found 
that  a  dog  weighing  6330  grms.  produced  15,370  calories,  and  excreted  at  the  same 
time  367  grms.  COj.  The  first  calorimetric  experiments  on  man  were  made  by 
Scharling  (1849).  Liebermeister  estimated  the  amount  of  heat  given  off  by  a  man 
placed  in  a  cold  bath,  which  was  surrounded  with  a  woolen  covering.     Leyden 
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placed  a  lower  limb  in  the  calorimeter,  whereby  6000  grras.  water  were  raised  i^ 
C.  in  an  hour.  If  we  assume  that  the  total  superficial  area  of  the  body  is  fifteen 
times  greater  than  that  of  the  leg,  the  human  body  would  produce  3,376,000 
calories  in  twenty-four  hours. 

311.  THERMAL  CONDUCTIVITY  OK  TISSUES.— The  thermal  conductivity  of 
ftnimal  tissue  is  of  ^>cci.il  intcreil  hi  conuectiun  with  tlic  skin  and  subcuuincou!)  filty  tissue.  The 
Ulty  Uycr  uoclcr  ihe  Akin,  marc  e^ixrctally  in  the  whale,  walnih,  and  kca),  forms  a  protective  covering, 
whereby  the  conductioti  of  hejt  from  internal  organs  is  rendered  alrnost  impof.?il)Ic.  Invcfttigaiions 
upon  this  «iil»}cct,  however,  are  few.  (iriess  attempted  lo  estimate  tlic  thermal  cnnductivnty  by  heat- 
ing one  pATl  of  Ihe  tiuue.  and  determining  when  and  tn  what  direction  pieces  of  wax  placetl  on  the 
tiuue  to  be  inve!ili);ated  began  to  melt.  He  inreitjgated  the  stomach  of  the  shtxp,  the  bladder,  skin, 
boof,  bom,  and  bones  of  an  ox,  deer's  hnrn,  iTory,  mother  of  (leorl,  5hell  of  hatio(i>.  lie  found  that 
Sbrous  ttMues  conducted  heat  more  readily  in  the  direction  of  their  tibres  thnn  al  right  aiigle>  to  the 
coarse  of  the  fihres-  Hence,  the  ligiires  obtained  from  the  melted  wax  were  umaltv  elliptical. 
l^iidoL&  has  made  similar  observations,  and  he  finds  that  tissues  conduct  better  in  Ihc  direction  of 
iheir  tltircs.  AAcr  lx}ne!s,  blood  clot  wn.v  the  t>est  conductor,  then  fblloM'ed  spleen,  liver,  cartilage, 
tendon,  muscle,  ela.^tic  liv'ue,  nail  and  hnir,  hlorxlless  ?ikin.  ga-^tnc  mucous  membrane,  wo*hed  fibrin. 
It  w  specially  interesting  lo  note  bow  much  belter  skin  containing  fr/tntJ  in  it3  blood  vessels  conducts 
than  does  bloodleu  skin.  Hence  tittle  heat  b  given  off  from  a  bloodless  ikio,  while  congested  skin 
Conducts  and  gives  off  much  more  heal. 

Ijke  all  other  substances,  the  human  body  is  enlarged  by  heat.  A  man  weighing  60  kilos.,  and 
whotc  temperature  it  raised  from  37*^  C.  lo  40°  C.  ii  enlarged  about  62  culnc  ccnitmctres.  Con- 
nective liuue  (tendon)  is  extended  by  heal,  while  elastic  tiuue  and  the  skin,  like  caoutchouc,  ore 
contracted. 

ai3.  VARIATIONS  OF  THE  MEAN  TEMPERATURE.— (0 
General  Climatic  and  Somatic  Influences.^ — In  the  tropics  the  mean  tem- 
perature of  the  body  is  about  >^**  C.  higher  than  in  temperate  climates,  where 
again  it  is  several  tenths  of  a  degree  warmer  than  in  cold  climates;  but  this  has 
recently  been  denied.  The  difference  is  comparatively  trivial,  when  we  remember 
that  a  man  is  subjected  to  a  variation  of  over  40°  C.  in  passing  from  the  equator 
to  the  poles.  Observations  on  more  than  4000  persons  show  that  when  a  person 
goes  from  a  warm  to  a  cold  climatCj  his  temperature  is  but  slightly  diminished, 
but  when  he  goes  from  a  cold  to  a  warm  climate  his  temperature  rises  relatively 
considerably  more.  In  the  ttmpenUe  zone,  the  temperature  of  the  body  during  a 
ieUi  winter  is  usually  o.i®  lo  0.3**  C.  lower  than  it  is  on  a  warm  summer  day.  The 
elevation  of  a  place  above  sea  level  has  no  obvious  effect  on  the  temperature 
of  the  body.  There  seems  to  be  no  difference  in  different  races,  nor  in  the 
sexes,  other  conditions  being  the  same.  Persons  of  powerful  phy.sique  and  con- 
stitution are  said  to  have  generally  a  slightly  higher  temperature  than  feeble, 
weak,  ansemic  persons. 

(3)  Influence  of  the  General  Metabolism. — As  the  formation  of  heat 
de|)ends  upon  the  transformation  of  chemical  compounds,  whose  chief  final  products 
in  addition  lo  H,0,  are  COj  and  urea,  the  amount  of  heat  formed  must  go  pari  passu 
with  the  amount  of  these  excreta.  The  more  rapid  metabolism  which  sets  in  after 
a  full  meal,  causes  a  rise  of  temperature  to  several  tenths  of  a  degree  ("  Digestion 
fever").  As  the  metaboUsro  is  much  diminished  during  hunger,  this  explains 
why  the  mean  temperature  in  a  fasting  man  is  36.6**,  while  it  is  37.17°  on  ordinary 
days  (§  237). 

Jtlrgensen  also  found  that  the  temperature  fell  on  the  fint  day  of  inanition  (although  there  was  a 
lempcirory  rite  on  the  second  day).  In  experiments  made  ujion  slarrii^  animals,  the  temperature  at 
fint  fen  ra|udly,  ih«>n  remained  constant  for  a  con.<>iderable  time,  while  during  the  la.it  days  il  fell  con- 
sidenbly.     .S:hmid(  starved  a  cat — on  the  ijih  day  the  temperature  was  jhS*";  on  the  i6th,  38.3*; 

Chossat   found  that  starving  mammals  and  bird» 
"      •  death. 


■Wtjam  T  ■  >  -viJMiiut    9141  ■  vu    *&   v«>i vai     %-ii\.     m  ^>at   ^iia<     «if^      iviis 

171b,  37.64;    iSlh,  35.S;    19th  (death)  ^33.0°.     Chonat   fn 
had  a  temperature  16°  C.  below  normal  on  the  day  of  their  < 


(3)  Age  has  a  decided  effect  upon  the  temperature  of  the  body.  The  extent  of 
the  general  metabolism  is  in  part  an  index  of  the  heat  of  the  body  at  different  ages, 
but  It  is  possible  that  other,  as  yet  unknown,  influences  are  also  active. 
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At«. 

Mean  Teinpcniun  «t  l)ie 

Ordinary  Temperature. 

Normal  Umlu. 

When  Meuurtd. 

Newly -born. 

SJ-AS"  c. 

37.35-37-55"  c. 

Rectum. 

5-9    year. 

3772 

36.87-j7.62 

jMouth  and  Rectum. 

15-20     " 

37-37 

36. 1 2-38. 1 

A>iH%. 

21-30    " 

37.23 

.    . 

" 

25-30     " 

36.91 

.    , 

M 

31-40     " 

37.1 

36.25-37.5 

n 

41-50     '• 

36.S7 

.    , 

(1 

51-60     " 

36.83 

.    , 

•' 

So    " 

3746 

•    ■ 

Moutb. 

Newly-born  animals  exhibit  peculiarities  owing  lo  the  sudden  change  in 
their  conditions  of  existence.  Immediately  after  birth,  the  infant  is  0.3°  warmer 
than  the  vagina  of  the  mother,  viz.,  37.86".  A  short  time  after  birth,  the  tem- 
perature falls  0.9°,  while  twelve  to  twenty-four  hours  afterward  it  has  risen  to  the 
normal  temperature  of  an  infant,  which  is  37.45°.  Several  irregular  variations 
occur  during  the  first  weeks  of  life.  During  sleep,  the  temperature  of  an  infant 
falls  0.34°  to  0.56°,  while  continued  crying  may  raise  it  several  tenthsof  a  degree. 
Old  people,  on  account  of  their  feeble  metabolism,  produce  little  heal ;  they 
become  cold  sooner,  and  hence  ought  to  wear  warm  clothing  to  keep  up  their 
temperature. 

(4)  Periodical  Daily  Variations. — In  the  course  of  twenty-four  hours  there 
arc  regular  periodic  variations  in  the  mean  temperature,  and  these  occur  at  all 
ages.  As  a  general  rule,  the  temperature  continues  to  rise  tittring  the  day  (maximum 
at  5  to  8  P.M.),  while  it  continues  to  faii  during  the  night  (minimum  2  to  6  a.m.). 
The  mean  temperature  occurs  at  the  third  hour  after  breakfast. 
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Variatioa*  of  the  daily  Mmpenlura  in  heaUh  diinac  tweniy-faur  hours. 

after  jargouen. 


■'i  KnerLicberneuter:  J——, 


The  mean  height  of  all  the  temperatures  taken  during  a  day  in  a  patient  is 
called  the  '*daily  mean,'*  and  according  to  Jaeger  it  is  37.13^  in  the  rectum  in 
health.  .\  daily  mean  of  more  than  37.8°  is  a  •'  fever  temperature,"  while  a 
mean  under  37.0°  C.  is  regarded  as  a  "  collapse  temperature." 
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VARIATIONS  OF  TEMPERATURE. 


Morauifc.  5 

BiKMpmig. 

J.  D»»7. 

RklbMB. 

G^tfw. 

JiffCMCO. 

Jl«tr. 

36.7 

36.6 

36.9 

36.68 

.    . 

,    . 

.    . 

36-7 

364 

37-J 

7 

36-94* 

36.63 

3698 

36.7* 

36.5* 

37.5* 

8 

37.»6» 

36.8o» 

37.oS« 

36.8 

36.7 

37-4 

9 

36.89 

:            . 

36.9 

36.8 

37-5 

10 

37- a6 

"o^  ==  37-36 

37*3 

370 

37.0 

37.5 

II 

.    , 

36.89 

.    . 

37» 

37.3 

37-3 

Mid'dfty,  la 

36.87 

.    . 

.    . 

.    . 

37.3* 

37-3* 

37.5* 

I 

J6-83 

.    . 

37.21 

3713 

37-3 

37.3 

374 

a 

.   . 

37-05 

.    . 

37-50* 

374 

37.4 

37-5 

3 

37.I5' 

.    . 

.    . 

37.43 

374* 

37  ^^ 

37.5 

4 

.   . 

37.17 

.    . 

.   . 

374 

37.3 

37.5* 

i 

37-4« 

37.05* 

SH  =37-31 

3743 

375 

37-5 

37  5 

.   , 

6^-36^3 

.    . 

37-29 

37.5 

37.6 

374 

7 
8 

37.43 

7^=-36.So» 

37-3  »•* 

.   . 

37.5» 

37.6" 

373 

.   . 

.   . 

.    , 

.   . 

37-4 

37.7 

37.1* 

9 

37M* 

.   . 

.   . 

37.4 

37-5 

36.9 

lO 

.   . 

.   . 

37.»9 

37.3 

37.4 

36.8 

11 

36.8s 

36,72 

36.70 

36.81 

37.2 

371 

364 

Night,      12 

.   . 

.   . 

.    . 

37- < 

36.9 

369 

I 

36.65 

36.44 

_    _ 

370 

36.9 

36.9 
36.8 

s 

.   . 

369 

36.7 

3 

.   . 

.   . 

,    . 

36.8 

36.7 

36-7 

4 

36.31 

•   • 

•   • 

367 

36.7 

36.7 

As  the  ramtions  occur  when  ■  penon  is  Btarved  for  a  day — although  those  that  occur  at  th« 
poiotU  at  which  food  ouRhi  lu  have  been  taken  arc  leas — it  a  ohvitnu  that  ibc  variatiuiu  are  not  dac 
oitircly  (o  ihe  taking  of  food.     [The*  indicate*  takii^  of  food.] 

The  doily  variation  in  th«  frequency  of  the  palae  often  coincide*  with  variation  of  the  tempera* 
lure.  Uirensprung  found  that  the  mid-day  tnuperature  maxiiDuni  slightly  preceited  the  pulse  inaxi- 
mnm  ($  70,  3,  C). 

ir  we  sleep  during  the  day,  and  do  all  our  daily  duties  during  the  night,  the 
above  described  typical  coui^c  of  the  temperature  is  reversed.  With  regard  to 
the  effect  of  activity  or  rest,  it  appears  that  the  activity  of  the  muscles  during  the 
day  tends  to  increase  the  mean  temperature  slightly,  while  at  night  the  mean  tern* 
perature  is  less  thait  in  the  case  of  a  person  at  rest. 

The  peripheral  parts  of  the  body  exhibit  more  or  \efs  regiular  varialiont  of  their  temperature.  In 
the  palm  of  the  hiuid,  the  progrc»»  of  events  li  the  foUowinf;  :  Alter  a  relatively  high  mght  tempera- 
ture there  u  a  npi(\  fall  at  6  A.  M  ,  which  rcacheik  its  minimum  at  9  tn  to  A.  M.  liiM  is  followoil  by 
a  alow  rue.  which  reaches  a  hij^h  moAirouni  ofict  dinner :  it  faJU  between  i  to  3  i*.  M..  ar>d  after  two 
(W  three  hoant  rrachc«  a  minimum.  It  risc»  fmm  6  to  8  P.  M.,  and  falls  again  towanl  nuiniing.  A 
rapid  fall  uf  the  temperature  in  a  peripheral  part  corre^poiKb  to  a  rise  of  temperttturc  in  internal  pans. 

(5)  Many  operations  upon  the  lx>dy  affect  the  tcm]>crature.  After  hemor- 
rhage the  tempcraiurc  falls  at  first,  but  it  rises  again  several  tenths  of  a  degree, 
and  IS  usually  accompanied  by  a  shiver  or  slight  rigor  :  several  days  thereafter  it 
ialls  to  normal,  and  may  even  fall  somewhat  below  it.  The  sudden  loss  of  a  large 
amount  of  blood  causes  a  fall  of  the  temperature  of  }4  to  3°  C.  Very  long-con- 
tinued hemorrhage  (dog)  causes  it  to  fall  to  31°  or  29°  C. 

This  19  obviounly  due  to  the  diminution  of  the  processes  of  oxidation  in  the  ancett^  body,  and  to 
the  cnfcrltlcd  drcolation.  Similar  cooditions  causing  diminished  metabolism  effect  the  Mune  result. 
Continuvfi  simulation  of  the  peripheral  end  of  the  vagua,  ao  that  the  heart's  actiun  u  enarmously 
tlowed,  dimini<he«  the  lemperaiure  several  degrees  in  ruibits  {Lsndou  anH  Ammon). 

The  transfusion  of  a  considerable  quantity  of  blood  raises  the  temperature 
about  half  an  hour  after  the  oi>eration.  'Fhis  gradually  passes  into  a  febrile  att.ick, 
which  disappears  within  several  hours.  When  blood  is  transfused  from  an  artery 
to  a  vein  of  the  same  animal,  a  similar  result  occun  (§  io>). 
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(6)  Many  poisons  diminish  the  temperature,  e,  r,,  chloroform  and  theanw- 
thetics,  alcohol  (§  235),  digitalis,  quinine,  aconitin,  muscarin.  These  appear 
to  act  partly  by  rendermg  f/if  tissues  less  liable  to  undergo  molecular  tramfffrma- 
Hens  for  the  production  of  heal.  In  the  case  of  the  anaesthetics,  this  effect  per* 
haps  occurs,  and  is  due  possibly  to  a  semi-coagulation  of  the  nervous  subsuacc 
(?).  They  may  also  act  partly  by  influencing  the  giving  off  of  heat  (§  314,  II). 
Other  poisons  increase  the  temperature  for  opposite  reasons. 

'Ilie  temperuure  is  increased  hy  strychnin,  nicolin,  picrotoxin,  venlhn,  Uudanto. 

^7^  Variou!>  diseases  ditnLniafa  the  iciniKraiurc,  which  may  be  due  either  to  tcsMBod  pradacooB 
of  licnt  ( dimiiuitioi)  uf  llie  nielaboliMn),  or  to  increucd  expenditure  of  hcnt.  Loewenfairdt .laasA 
ihiU  in  porab'tics  mid  iu  insane  j>ci?.(nu,  several  weeki  berore  tbeir  death,  the  rectxl  tempoibn  «w 
30*  to  31*  C,  in  diabetes  jo"  C,  or  less ;  the  lowc&t  temperiiture  obrerved  and  life  retnjnixl  in  1  dnnk 
person  was  24"  C. 

The  lonperaiure  \s  increased  Id  /n'er,  and  the  highest  point  reached  just  bcfort  dcMk.  ad 
recorded  by  Wundcrlich,  was  44.65"  C.  (compare  {(  220). 

314.  REGULATION  OF  THE  TEMPERATURE.— As  the  bodily 
temperature  of  man  and  similar  animals  is  nearly  constant,  notwithstanding 
great  variations  in  the  temperature  of  their  surroundings,  it  is  clear  tliatwme 
mechanism  must  exist  in  the  body,  whereby  the  heat  economy  is  constantly 
regulated.  This  may  be  brought  about  in  two  ways  ;  either  by  controlhng 
the  transformation  of  potential  energy  into  heat,  or  by  affecting  the  amount  of 
heat  given  off  according  to  the  amount  produced,  or  to  the  action  of  exienul 
agencies. 

[The  constancy  or  thermostatic  condition  of  the  temperature  is  brought  about 
by  three  co-operant  factors,  the  thermogenic  or  heat  producing,  the  thermo- 
lytic  or  heat  discharging,  and  the  thermotaxic  or  mechanism  by  which  heal 
production  and  heat  loss  are  balanced,  and  it  is  obvious  that  the  last  must  be  in 
relation  with  the  other  two.  The  thermotaxic  mechanism  is  developed  last,  is 
least  pronounced  in  the  lower  vertebrata,  and  is  most  easily  liable  to  fail  under 
injury  or  disease  (Mar  A  lister').'] 

I.  Regulatory  Arrangements  governing  the  production  of  Heat. — 
Liebermeister  estimated  the  amount  of  heat  produced  by  a  healthy  man  at  1.8 
calorie  per  minute.  It  is  highly  probably  that,  within  the  body,  there  exist 
mechanisms  which  determine  the  molecular  transformations  upon  which  the  evo- 
lution of  heat  depends.  This  is  accomplished  chiefly  in  a  reflex  manner.  The 
peripheral  ends  of  cutaneous  nerves  (by  thermal  stimulation),  or  the  nerves  of  the 
intestine  and  the  digestive  glands  (by  mechanical  or  chemical  stimulation  during 
dige^tion  or  inanition),  may  be  irritated,  whereby  impressions  arc  conveyed  to 
th*  heat  centre,  which  sends  out  impulses  through  efferent  fibres  to  the  depots 
of  [Xitential  energy,  either  to  increase  or  diminish  the  extent  of  the  transforma- 
tions occurring  in  ihcra.  The  nerve  channels  herein  concerned  are  entirely  un- 
known.    Many  considerations,  however,  go  to  support  such  an  hypothesis  (§  377)! 

[Thermotaxic  Mechanism,  Thermal  Nerves  and  Centres. — JuM  as  the  respiration  and  th« 
slate  of  the  blood  vesi^els  are  regulated  from  a  central  focus,  so  the  question  arises,  does  the  sAxtte 
obtain  wiili  regard  to  temperature?  Studying  this  question,  however,  it  must  be  borne  in  mind  that 
thermomeiric  observations  alone  are  not  sufficient ;  the  true  test  must  be  calorimelric.  Sir  Itenjanua 
Ifrodic  observed  that  in  a  case  of  injury  of  the  spinal  cord  in  the  neck  the  temperature  in  tlie  ih 
rose  very  high.  In  some  cases  the  temperature  falls.  Wood  has  shown  that  section  of  the  < 
above  the  origin  of  the  splanchmca  leads  to  decided  increase  in  the  amount  of  heat  dissipated, 
to  a  decided  diminution  of  heal  production.  The  vasomotor  paralysis  has  much  to  do  in  tne»c 
with  the  loss  of  heat.  In  warm-blooded  animals,  exposed  to  a  higfi  (empenilure,  the  heat  produi 
is  diminished,  but  when  they  arc  exposed  to  a  low  temperature  it  is  increased.  If  a  warm-bloodL^ 
animal's  medulla  oblongata  be  divided,  there  is  a  fall  of  temperature,  chiefly  due  to  its  TmacoDOtor 
paralysis,  and  such  an  animal  behaves,  as  regards  the  effect  of  heat  and  cold,  exactly  like  a  poikilo- 
llicrmal  animal,  i.e.,  its  metnbolUm  and  heat  production  are  increased  hy  cold  and  diminished  liy 
heat.  ]f,  however,  the  incision  \x  made  above  the  pons,  so  as  to  leave  the  vasomotor  centre  intact 
in  the  dog,  there  is  a  rise  of  the  tempentare  and  increased  heat  production  for  24  hotin  afterward. 
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Thiamegests  the  idea  that  this  region  is  traversed  by  inhibitory  nerves,  so  that  when  they  are  cut  oil 
from  their  cenite<i  situate  above,  the  augmenior  nerves  can  act  more  vigorously.  This  suggests  the 
existence  of  tbermo-inhtbitory  centres  situate  higher  tip  in  the  brain.  If  an  animal  be  curarized, 
not  onty  is  there  paralysis  of  voluntary  motor  acts,  but  on  stimulating  an  ordinary  motor  nerve,  not 
only  is  there  no  muscular  cuntnictioii,  but  there  is  no  rise  of  temperature  of  the  muscles  supplied 
by  that  nerve.  In  such  an  animal  the  temperature  rises  and  falls  with  the  temperature  of  the  sur- 
rounding luedi'jm.  Even  although  the  respirations  be  kept  constant  and  the  vasomotor  nerves 
intact,  the  thermogenic  activity  of  muscles,  therefore,  seems  to  be  dependent  on  their  innervation.] 

[Cerebral  Centres. — Apart  from  the  cortical  heat  centres  (^.  377),  Ott,  Aronsohn,  Sachs,  Kicliet 
and  other*  have  shown  that  if  a  needle  be  thrust  through  the  skull  and  brain,  so  as  m  injure  ccrlain 
deeper-sealed  parts,  there  is  a  rise  of  temperature  ami  increased  heat  production  for  several  hours. 
The  experiment  may  be  repeated  several  times  in  the  same  rabbit.  Ott  gives  three  areas  which, 
when  so  injured,  cause  these  effects  :  (l^apan  of  the  brain  in  the  median  side  of  the  corpu-*  striatum. 
•ad  oear  the  nodus  cursorius ;  (2)  a  part  between  the  corpus  striatum  and  the  opiic  thalamus;  and 
(3)  the  anterior  end  of  the  oi*ic  thalamus  itself.  From  the  effect  of  atropin,  Ott  suggests  the  existence 
of  spinal  centres  as  well.] 

The  following  phenomena  indicate  the  existence  of  mechanisms  regulating  the 
production  of  heal  :— 

( 1 )  The  temporary  application  of  moderate  cold  raises  the  bodily  temperature,  while 
beat,  similarly  applied  to  the  external  surface,  lowers  it  (§§  322  and  224). 

(2)  Cooling  of  the  surroundings  increases  the  amount  of  CO,  excreted,  by  in- 
creasing the  production  of  heal,  wfiile  the  O  consumed  is  also  increased  simul- 
taneousty ;  heating  the  surrounding  medium  diminishes  the  CO,  (§  127,  5). 

D.  Kinkier  found,  from  experiments  upon  guinea  pigs,  that  the  production  of  heat  was  more  than 
doubted  wlicu  the  surrounding  temperature  was  diminished  24°  C.  Tbe  metabolism  of  the  guinea 
pig  is  increased  in  winter  23  per  cent,  as  compared  with  summer,  so  that  the  same  relation  obtains 
IS  in  the  case  of  a  diminution  of  the  surrounding  temperature  of  short  duration. 

C  Ludwig  and  Sanders- E/n  found  th.it  in  a  rabbit  there  was  a  rapid  increase  in  the  amount  of 
Co,  given  off,  when  the  surroundings  were  cooled  from  3S*'  to  6°  or  7*  C. ;  while  the  excretion  was 
diminished  when  the  surrounding  temperature  was  raised  from  4*'-9**  to  35°-37°,  so  thai  the  thermal 
Kiniulalion,  due  to  the  temperature  of  the  surrounding  medium,  acted  upon  the  combustion  within 
tke  body.  PflUger  found  that  a  rabbit  which  was  dipped  in  cold  water  used  tnore  O  and  excreted 
more  CO,. 

If  the  cooling  action  was  so  great  as  to  reduce  the  bodily  temperature  to  30°,  the  exchange  of 
gues  dimmishcd.  and  where  the  temperature  fell  to  30°,  the  exchange  of  gases  was  diminished 
one-half.  It  is  to  be  remembered,  however,  that  the  extretton  of  CO,  does  not  go  hand  in  luind 
irith  the  formation  of  (Ti,.  If  mammals  be  placed  in  a  toarm  baih  which  is  2"  lo  3°  higher  than 
Ibeir  own  temperature,  the  excretion  of  CO,  and  tbe  consumption  of  O  are  increased,  owing  to 
the  stimulation  of  their  metabolism^  while  the  excretion  of  urea  ta  also  increased  in  animals  and  in 

(3")  Cold  acting  upon  the  skin  causes  involuntary  muscular  movements 
Cshivering,  rigors),  and  also  voluntary  movements,  both  of  which  produce  heat. 

The  cobl  excites  the  action  of  the  muscles,  which  is  connected  with  processes  of  oxidation 
{  /ySiiger).  .Khtt  poisoning  with  curara,  which  paraly/es  voluntar)-  motion,  this  regulation  of  the 
ncai  falls  to  a  minimum  {^Shrig  and  Zun/i),  [while  the  liodily  temperature  rises  and  falls  with  a 
rise  ur  fall  in  the  temperature  of  the  surrounding  medium]. 

(4)  Variations  in  the  temperature  of  the  surroundings  afTect  the  appetite 
for  food;  in  winter,  and  in  cold  regions,  the  sensation  for  hunger  and  the  appe- 
tite for  the  fats,  or  such  .substances  as  yield  much  heat  when  they  are  oxidized,  are 
increa.sed  ;  in  stmimer  and  in  hot  climates,  they  are  dimini.shcd.  Thus  the  mean 
Icmpcralure  of  the  surroundings,  to  a  certain  extent,  determines  the  amount  of 
the  heat-producing  substances  to  be  taken  in  the  food. 

II.  Regulatory  Mechanisms  governing  the  Excretion  of  Heat  or 
Thermolysis. — The  mean  amount  of  heat  given  off  by  the  human  skin  in 
tvrenty-four  hours,  by  a  man  weighing  82  kilos.,  is  2092  to  2592  calories,  i.e., 
1.36  to  1.60  per  minute. 

(t)  Heat  causes  dilatation  of  the  cutaneous  vessels  ;  the  skin  becomes 
ted,  congested,  and  soft ;   it  contains  more  fluids,  and  becomes  a  better  conductor 

Lt ;  the  epithelium  is  moistened,  and  sweat  appears  on  the  surface.     I'hus 
M 
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increased  excretion  of  heat  is  provided  for,  while  the  evaporation  of  the  sweat 
also  abstracts  heat. 

The  amouni  of  lieat  necessAry  to  convert  into  vapor  i  grin,  of  water  at  iao°  C.  is  eqoil  ttlui 
required  to  heat  lo  yrms,  from  o**  to  53.67**  < ',  The  sweat  os  secreted  is  at  Ibc  tem^niutc  iif  tlbc 
body  ;  if  it  were  completely  changed  into  vapor,  it  would  require  the  heot  oecesaary  to  r»be  it  telht 
lioiling  [)oint,  and  oIm)  that  ncces<ary  lo  convert  it  into  va[X>r. 

Cold  causes  contraction  of  the  cutaneous  vessels ;  the  skin 
pale,  less  soft,  poorer  in  juices,  and  collapsed  ;  the  epithelium  becomes  dry,  and 
does  not  permit  fluids  to  pass  through  it  to  be  evaporated,  so  that  the  excretion  of 
heat  is  diminished.  The  excretion  of  heat  from  the  i>criphcry,  and  the  tramvcnc 
thermal  conduction  through  the  skin,  are  diminished  by  the  contraction  of  the 
vessels  and  muscles  of  the  skin,  and  by  the  expulsion  of  the  well-conducting  blood 
from  the  cutaneous  and  subcutaneous  vessels.  The  cooling  of  the  body  is  my 
much  affected,  owing  to  the  diminution  of  the  cutaneous  blood  stream,  just  as 
occurs  when  the  current  through  a  coil  or  worm  of  a  distillation  apparatus  ts  greati)' 
diminished.  If  the  blood  vessels  dilate,  the  temperature  of  the  surface  of  the  bodf 
rises,  the  difference  of  temperature  between  it  and  the  surrounding  cooler  medium 
is  increased,  and  thus  the  excretion  of  heat  is  increased.  Tomsa  has  shown  thai 
the  fibres  of  the  skin  are  so  arranged  anatomically,  that  the  tension  of  the  fibres 
produced  by  the  erector  pili  muscles  causes  a  diminution  in  the  thickness  of  the 
skin,  this  result  being  brought  about  at  the  expense  of  the  easily  expelled  blood. 

By  the  s)-stemaiic  application  of  stimuli,  ^.i'.,cold  hatha,  and  washing  wiih  cold  wmter,  the  niuKle* 
of  the  sViiii  and  its  blood  vessels  may  be  caused  to  conlraci,  and  become  so  vigonms  and  exciialilt, 
that  wbeo  cold  is  .luddenly  applied  to  the  bmly,  or  to  a  part  of  it,  the  ekcretion  of  hc«t  ts  cnai;cii 
cally  prevented,  so  that  cold  l>aths  and  washing  with  cold  water  are,  to  a  certain  extent,  *'  gymnasiio 
of  the  cutant-ous  muscles,"  which,  under  the  above  circumMancrs,  protect  the  body  from  cold. 

(a^  Increased  temperature  causes  increased  heart  beats,  while  dimin- 
ished temperature  diminishes  the  number  of  contractions  of  the  heart 
(§  S^*  '^  "J-  ^^^^  relatively  warm  blood  is  pumped  by  the  action  of  the  heart 
from  the  internal  organs  of  the  body  to  the  surface  of  the  skin,  where  it  readily 
gives  off  heat.  The  more  frequently  the  same  volume  of  blood  passes  through 
the  skin — twenty-seven  heart  beats  being  necessary  for  the  complete  circuit  of  the 
blood — the  greater  will  be  the  amount  of  heat  given  off,  and  conversely.  Hence, 
the  frequency  of  the  heart  beat  is  in  direct  relation  to  the  rapidity  of  cooling. 
In  very  hot  air  (over  loo**  C.)  the  pulse  rises  to  over  160  per  minute.  The  same 
is  true  in  fever  (§  70,  3^.).  Liebermeister  gives  the  following  numbers  in  an 
adult :— 

Poise  beats,  per  min.,  .   .    .    78.6        gi.z        99.8        10S.5         ilo        >J7>5  ^ 

Temperature  in  C^ y}°  38°  39=*  40°  41°  42° 

(3)  Increased  Temperature  Increases  the  Number  of  Respirations. 

— ^Under  ordinary  circumstances,  a  much  larger  volume  of  air  passes  through  the 
lungs  when  it  is  warmed  almost  to  the  temperature  of  the  body.  Further,  a 
certain  amount  of  watery  vapor  is  given  off"  with  each  expiration,  which  must  be 
evaporated,  thus  abstracting  heat.  Energetic  respiration  aids  the  circulation,  so 
that  respiration  acts  indirectly  in  the  same  way  as  (3).  According  to  other 
observers,  the  increased  consumption  of  O  favors  the  combustion  in  the  body, 
whereby  the  increased  respiration  must  act  in  producing  an  amount  of  heat  greater 
than  normal  (§  127,  8).  This  excess  is  more  than  compensated  for  by  the  cooling 
factors  above  mentioned.  Forced  respiration  produces  cooling,  even  when  the 
air  breathed  is  heated  to  54°  C,  and  saturated  with  watery  vapor. 

(4)  Covering  of  the  Body. — Animals  become  clothed  in  winter  with  a  winter 
fur  or  covering,  while  in  summer  their  covering  is  lighter,  so  that  the  excretion  of 
heat  in  surroundings  of  different  temperatures  is  thereby  rendered  more  constant. 

Many  animals  which  live  in  very  cold  air  or  water  (whale)  are  protected  from 
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too  rapid  excretion  of  heat  by  a  thick  layer  of  fat  MXi^tx  the  skin.     Man  provides 
for  a  similar  result  by  adopting  summer  and  winter  clothing. 

(5)  The  poaition  of  the  body  is  also  important;  pulling  the  parts  of  the  body 
together,  approximation  of  the  head  and  limbs,  keep  in  the  heat ;  spreading  out 
the  limbs,  erection  of  the  hairs,  pluming  the  feathers,  allow  more  heat  to  be 
evolved.  If  a  rabbit  be  kept  exposed  to  the  air  with  its  legs  extended  for  three 
hours,  the  rectal  temperature  will  fall  from  39°  C.  to  37°  C.  Man  may  influence 
his  temperature  by  remaining  in  a  warm  or  a  cold  room — by  taking  hot  or  cold 
drinks — hot  or  cold  baths — remaining  in  air  at  rest  or  air  in  motion,  e,g.^  by  using 
a  fan. 

CLOTHING.— Wann  Clothing  is  the  Equivalent  of  Fcx>d. — Ax  clothei  are  intended  to 
keep  in  ihc  hrat  of  ihe  l>ody,  ami  heat  ii  produced  hy  the  comhostion  and  oxidftiion  of  ihe  food,  we 
nuy  uy  the  body  lakes  in  heat  directly  in  the  food,  while  clothing  prevents  tt  from  giving  off  too 
much  heat.  Summer  clothes  wci{(h  3  to  4  kilos.,  »nd  winter  ones  6  to  7  kilof. 
In  connection  with  clothes,  the  foUowin};  considerations  are  of  importance : — 
(1)  Tkfir  (of>fidty  far  conJucltett, — Those  sntntances  which  conduct  heat  badly  keen  us  warmest. 
Ilart  skin,  down,  l>eaver  skin,  raw  silk,  taffeta,  shecps'  wool,  cotton  wool,  flax,  spun  silk,  arc  given 
in  onicr,  from  the  worst  to  the  best  conductors.  (2)  The  capaaty  for  raiiiatipH. — Coan«e  materials 
radiate  more  heat  than  smooth,  but  color  has  no  effect.  (3)  Relation  to  the  tun's  rays. — Dark 
materials  absorb  more  heat  than  light-colored  ones.  (4)  Their  hygroscopic  frof*triies  are  important, 
whether  they  can  ulisorb  much  moisture  from  the  skin  and  gradually  give  it  otT  by  evaporation,  or 
the  reverse.  The  same  weigtit  of  wool  lakes  up  twice  as  much  as  linea;  hence  the  luter  gives  it 
off  in  evRponition  more  rapidly.  Flannel  next  the  skin  is  not  so  easily  moistened,  nor  does  it  so 
rapidly  txrcotne  cold  by  evaporation;  hence  ii  protects  ^aiott  the  actiiMi  of  cold.  (5)  The/^rm/- 
•r^t/fiTy/orinV  is  of  importance,  hut  dors  not  stand  in  relation  with  (he  heat-conducting  capadty. 
The  following  substances  are  arranged  in  order  from  the  most  to  the  ieast  permeable — tUnnel,  back- 
skin,  linen,  silk,  leather,  wax  cloth. 

315.  HEAT  BALANCE. — As  the  temperature  of  the  body  is  maintained 
within  narrow  limit.s,  the  amount  of  heat  taken  in  must  balance  the  heat  given  ofl*, 
i.  e.,  exactly  the  same  amount  of  potential  energy  must  be  transformed  in  a  given 
time  into  heat,  as  heat  is  given  off  from  the  body.  An  adult  produces  as  much 
heat  in  half  an  hour  as  will  rai:«  the  temperature  of  his  body  1°  C.  If  no  heat 
were  given  off,  the  body  would  become  very  hot  in  a  short  lime  ;  it  would  reach 
the  boiling  point  in  thirty-six  hours,  sup|x)sing  the  production  of  heat  continued 
uninterruptedly.  The  following  are  the  most  important  calculations  on  the  sub- 
ject: — 

A.  Hclmbollz  was  the  first  to  estimate  numerically  the  amount  of  heat  produced  by  a  man:  — 
( I )  Heat  Income.— ('i)  A  heahby  adoh,  weighing  82  kilos.,  expires  in  twcniy- 
fuur  hours  878.4  grms.  CO,  {Stkarling).     The  combuitiou  of  the  C 

therein  into  CO,  produces 1,730,76001. 

(4)  llut  he  takes  in  more  O  than  reappears  in  the  CO.;  the  excess  ts  uted  in 
oxidation  processes,  t.g,,  for  the  (ormatton  of  ii,0,  by  union  with  II, 
iotliat  13,015  grms,  H  will  be  oxidiKed  by  the  exccsi  of  O,  which  gives         318,000    " 

2,049,360   » 
(«)  About  25  per  cent,  of  the  heat  must  be  referred  to  sources  other  than  com- 

tHUlion  [Ihtlong),  so  that  the  total =  2,733,000    ** 

2,732,000  calories  are  actually  suflicient  to  raise  Ihe  t«mi>effaiure  of  an 
adult,  weighing  80  to  90  kiloi.,  from  lo"  to  38"  or  39*  C,  i.e.,  to  a 
normal  temperature, 
^a)  Heat  Eaponditurv. — {a)  Heating  the  food  and  drink,  which 

have  a  mean  temperature  of  12"  C. 70.'57  c*l-  =    2-6  per  cent. 

(^)  Heating  the  air  respired  =  16,400  grms.  with  an  ioilial 

temperature  of  20°  C 70,03a    "    =     a.6       •• 

(  When  the  temperature  of  the  tdr  it  o^,  140,064  ca/,  =.  $a 
per  ienl. ) 

U)  EvaporatitHi  of  656  gnn«.  water  by  the  lungs 397*53^    "     =  14*7        " 

(^)  The  remainder  given  off  by  radiation  and  evaponlion  of 

water  by  the  tkin (77,5 /er  cnr/. /u)  =  81.1        *■ 
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B.  Dulong. — (i  I  Heat  Income. — Dulong  and  others  sought  to  estimate  the  amoant  of  hcM 
from  the  C  and  ll  contained  in  the  food.  As  we  know  that  the  combustion  of  I  f;rm.  C  :^^  8040 
heat  unitK,  and  1  grm.  H  =  34,4611  heal  units,  it  would  Ik  easy  to  determine  the  amount  of  heat 
were  the  C  simply  converted  into  CO.  and  the  II  into  ll^O.  But  Dulong  omitted  the  II  in  the 
carbohydrnieti  [e.^.,  yrapc  sugar  =  '~-'e"i/'«)  ^  producing  heal,  because  the  H  is  already  combined 
-with  O,  or  at  leaA  is  the  proportion  in  which  it  exists  in  water.  This  assumption  is  hypothetical, 
for  the  atoms  of  C  in  a  carbohydrate  may  be  so  firmly  united  to  the  other  atoms,  that  before  oxidation 
can  take  place  their  relaTions  must  be  altered,  so  that  potential  energy  is  used  up,  /.  r,  heat  ma&i  l>e 
rendered  Isteut;  so  that  ihese  considerations  rendered  the  following  example  of  Dulong's  method 
given  by  Vicrordt  very  problematical ; — 

An  adult  eats  in  twenty-four  hours,  izo  grms.  proteids,  90  grms.  fat,  and  340  grms.  starch  (carbo* 
hydrates).     These  contain : — 

Proteids, 120  grms.  contain     64.18  C.  and    S.60  H. 

Fat, 90     ••  •'  7030         "     10.26 

Starch 330     "  "         146.S2  .    . 


The  urine  and  ficces  contain  still  unconsumed,  .    . 


28120 
29.8 


and 


Remainder  to  be  burned 251.4         "        12.56 

As  1  grm,  C.  =  8040  heat  units  and  1  grm.  H  :>^  34^460  heat  units,  we  have  the  following  calcu- 
Ifttion : — 

251.4    X    SfO40  '^  2,03(,3i2  (from  combuitioD  of  C). 
12.56  X  34.460  =    432,818  t  "  •*  H), 

2,464,130  heat  units, 
(a)  Heat  Expenditure  : — 

Per  cent,  of 
Hcst  units,    ths  e«Cf<la. 

1.  1900  grms.  are  excreted  daily  by  the  urine  and  £eces,  and  they 

are  25°  warmer  than  the  food, 47>5<K  t-9 

2.  13,000  grms,  air  are  heated  (from  12"  to  37°  C.)  (heat  capacity 

af  the  air  =  0.26), 184,500  3.38 

3.  330  grms.  water  are  evaporated  by  the  respiration  ( 1  grm.  *=  582 

heat  units), 192.060  7.68 

4.  660  grms,  water  are  evaporated  from  the  akin,  ........       384,120  '5-37 


Total 

Renuunder  radiated  and  conducted  from  the  skin, 


70S.  180 
t, 791, Sao 


71.67 


Total  amount  of  heat  units  given  off, 3,500,000        los.oo 

C.  Heat  Income. — Frankland  burned  the  food  directly  in  a  calorimeter, and  found  that  1  grm. 

of  the  following  substnnccs  yielded: — 

Albumin,  1  grm. 499S  heat  uuiu. 

Grape  sugar,  l  grm.,   . 3217         ** 

Ox  fat.  I   grm 9069         *' 

The  albumin,  however,  is  only  oxidized  to  the  stage  of  urea,  hence  the  heat  units  of  urea  must 
he  deducted  from  4998,  which  gives  4263  heat  units  obtainable  from  i  grm.  albumin.  When  we 
know  the  number  of  grammes  consumed,  a  simple  multiplication  gives  the  number  of  heat  units. 

The  heal  units  will  var>-,  nf  course,  with  the  nature  of  ihefood.     J.  Ranke  gives  the  foUowing: — 

With  animal  diet, 2.779.524  heat  units. 

"     food  free  from  N 2,059,506        " 

"     mixed  diet 2,200.000        " 

"     during  hunger, 3,012,816        " 

9i6.  VARIATIONS  IN  HEAT  PRODUCTION.— (i)  Influence  of  Bodily  Surface.- 
Rubner  found  thai  the  prwluction  of  heat  depended  mnre  upon  the  size  of  the  botly  and  its  super 
cial  area  than  upon  the  Iwdy  weight.     Small  or  young  animals  have  a  relatively  larger  surface  ifx. 
large  or  older  ones,  and  as  the  removal  of  the  heat  takes  place  chiefly  from  the  external  .<nirf(^ 
animals  with  a  larger    surface   must    produce    more  heat.     Small  animals   used  relatively  nmrt 
Rubner's  investigations  on  ilogs  of  different  size  gave  a  heat  prodnction  of  1,143.000  calorie^b 
every  square  metre  of  cutaneous   surface.     On  comparing  the  body  weight    with   the   catatx.» ^ 
surface   in  different  animals,  he  found  that  for  every  I  kilo,  of  body  weight  there  was  in  tV:;^^^^**'*^J 
1650,  rabbit  946,  man  287  square  centimetres  of  surface.  ^^  ^fe  '*! 
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(a)  Age  and  Sex.-— The  beat  production  is  less  in  Infucy  and  in  old  ace,  and  ii  is  less  in  pnv 
_  ortion  in  ihc  female  than  in  the  mnle. 

(3)  Daily  V aria i ion. ^The  heat  production  shows  variations  in  Iwenly-four  hours  corresponding 

with  the  temperature  of  the  body  (J    213,  4). 

(4)  The  heat  pruduction  is  greater  in  ihc  waking  cooditioo,  during  physical  and  mental  exertion, 
sad  during  digestion,  than  in  the  opposite  condiliuns. 

f      917.  RELATION   OF  HEAT  PRODUCTION    TO   WORK.— Tlie 

potential  energy  supplied  to  the  body  may  be  transformed  into  heat  and  kinetic 
energy  (see  Introduition).  In  the  resting  condition,  almost  all  the  potential 
energy  is  changed  to  heat ;  the  workman,  however,  transforms  potential  energy 
into  work — mechanical  work — in  addition  to  heat.  These  two  may  be  compared 
by  using  an  equivalent  measurement,  thus,  1  heat  unit  (energy  required  to  raise  z 
gramme  of  water  1°  C.)  =  425.5  gramme-metres. 

Relation  of  Heat  to  Work. — The  following  eKsmple  may  serve  to  illustrate  the  relation 
between  heat  production  and  the  production  of  work  :  Suppose  a  small  steam  engine  to  be  placed 
within  a  capacious  calorimeter,  and  a  certain  quantity  of  coal  to  be  burned,  then  as  long  as  the 
engine  does  not  perform  any  mechanical  work,  heat  alone  is  produced  by  the  burning  of  the  coal. 
Let  this  amount  of  heat  be  estimated,  and  a  fecund  experiment  made  by  burning  the  same  amount 
of  coal,  but  allow  the  engine  to  do  a  certain  amount  of  work — uy,  raise  a  weight — by  a  suitable 
arrangemenL  This  work  must,  of  course,  be  accomplished  by  the  potential  energy  of  the  heating 
materia].  At  the  end  of  this  experiment,  the  temperature  of  the  water  will  be  much  le&t  than  in 
the  first  experiment,  t.  t.,  fewer  heat  units  have  been  transferred  to  the  calorimeter  when  the  engine 
was  heated  than  when  it  did  no  work.  Comparative  experiments  of  this  nature  have  shown  that  in 
thesecond  experiment,  the  useful  work  is  very  nearly  proportional  to  the  decrease  of  the  heat  (//iVm). 

I  Compare  this  with  what  happens  within  the  body :  A  man  in  a  passive 
condition  forms  from  the  potential  energy  of  the  food  between  23^  to  3^ 
million  calories.  The  work  done  by  a  workman  is  reckoned  at  300,000  kilo- 
gramme-metres (S  300). 

If  the  organism  were  precisely  similar  to  a  machine,  a  smaller  amount  of  heat, 
corresponding  to  the  work  done,  would  be  formed  in  the  body.  Asa  matter  of 
fact,  the  organism  produces  lew  heat  from  the  same  amount  of  potential  energy 
when  mechanical  \vork  is  done.  There  is  one  point  of  difference  between  a 
workman  and  a  working  machine.  The  workman  consumes  much  more  potential 
energy  in  the  same  time  than  a  passive  person;  much  more  is  transformed  in  his 
body;  and  hence  the  increased  consumption  is  not  only  covered,  but  even  over- 
compensated.  Hence,  the  workman  is  warmer  than  the  passive  person,  owing  to 
the  increased  muscular  activity  (§  2IO,  I,  ^).  Take  anexaniple:  Hirn  remained 
passive,  and  absorbed  30  grms.  O  per  hour  in  a  calorimeter,  and  produced  155 
calories.  When  in  the  calorimeter  he  did  work  equal  to  27,450  kilogramme- 
metres,  which  was  transferred  beyond  it;  he  absorbed  132 grms.  O,  and  produced 
ouly  351  calories. 

In  estimating  the  work  done,  we  must  include  only  the  beat  equivalent  of  the  work  transferred 
beyond  the  lody  ;  liftmg  weights,  pushing  anything,  throwing  a  weight,  and  lifting  the  body  arc 
examples.  In  ordinary  walking  we  must  take  mto  account  that  we  overcome  the  resistance  of  the 
air  and  the  activity  of  the  muscles. 

'  The  organism  is  superior  to  a  machine  in  as  far  as  it  can,  from  the  same  amount 
of  potential  energy,  produce  more  work  in  proportion  to  heat.  While  the  very 
best  steam  engine  gives  \  of  the  potential  energy  in  the  form  of  work,  and  \  as 
heat,  the  body  produces  \  as  work  and  \  .as  heat.  ChimUal  emrgy  can  never  do 
work  alone,  in  a  living  or  dead  motor,  without  heat  being  formed  at  the  same 
time. 

ai8.  ACCOMMODATION  FOR  VARYING  TEMPERATURES. 

-'^'i  substances  which  possess  high  conduclivity  for  heat,  when  brought  into 
contact  with  the  skin,  appear  to  be  vcr>'  much  colder  or  hotter  than  bad  conductors 
**'  fleaf.  The  reason  of  this  is  that  these  bodies  abstract  far  more  heat,  or  conduct 
^oit  /jcat    than  other  bodies.     Thus  the  water  of  a  cool  l)alh,  being  a  better 
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conductor  of  heat,  is  always  thought  to  be  colder  than  air  at  the  same  temperature. 
In  our  climate  it  appears  to  us  that — 

Water,  at  tS^  C.  ti  cold : 


Air,  at  iS°  C.  is  moderately  warm; 
"    at  3$''-2&°  C,  hot ; 
•*    itbove  28*',  very  hot. 


from  180-39°  C,  cool; 
"     29"»-3o''  C,  Winn  ; 
"     37-$°  and  atxivc,  hot. 


Warm  Media. — As  long  as  the  temperature  of  the  body  is  higher  than  that  of 
the  surrounding  medium,  heat  is  given  off,  and  that  the  more  rapidly  the  belter 
the  conducting  power  of  the  surrounding  medium.     As  soon  as  the  temperature  of 
the  surrounding  medium  rises  higher  than  the  temperature  of  the  body,  the  latter 
absorbs  heal,  and  it  does  so  the  more  rapidly  the  better  the  conducting  power  of  j 
the  medium.     Hence,  hot  water  appears  to  be  warmer  than  air  at  the  same  tempera« 
ture.     A  person  may  remain  eight  minutes  in  a  bath  at  45.5°  C.  (dangerous  loj 
life!  )  ;  the  hands  may  be  plunged  into  water  at  50.5°  C,  but  not  at  51.65**  C.,1 
while  at  60°  violent  pain  is  produced. 

A  person  may  remain  for  eight  minutes  in  hot  air  at  127°  C,  and  a  tempera- 
lure  of  132°  C.  has  been  borne  for  ten  minutes,  and  yet  the  body  temperature 
rise  only  to  38.6"  or  38.9°.  This  depends  upon  the  air  being  a  bad  conductor, 
and  thus  it  gives  less  heat  to  the  body  than  water  would  do.  Further,  and  what 
is  more  important,  the  skin  becomes  covered  with  sweat,  which  evaporates  and 
abstracts  heat,  while  the  lungs  also  give  off  more  watery  vapor.  The  enormously 
increased  heart-beats — over  160 — and  the  dilated  blood  vessels^  enable  the  skin  to 
obtain  an  ample  supply  of  blood  for  the  formation  and  evaporation  of  sweat.  In 
proportion  as  the  secretion  diminishes^  the  body  becomes  unable  to  endure  a  hot 
atmosphere  ;  hence  it  is  that  in  air  containing  much  waiery  vapor  a  person  cannot 
endure  nearly  so  high  a  temperature  as  in  dry  air,  so  that  heat  must  accumulate  in 
the  body.  In  a  Turkish  vapor  bath  of  53"  to  60°  C,  the  rectal  temperature  rises  ] 
to  40.7°  or  41.6°  C.  A  person  may  work  continuously  in  air  at  31°  C.  which  is 
almost  saturated  with  moisture. 

If  a  person  l>e  placed  in  water  at  the  temperature  of  the  body,  the  normal 
temperature  rises  i**  C.  in  one  hour,  and  in  xy^.  hour  about  2°  C.  A  gradual 
increase  of  the  temperature  from  38.6°  to  40.3'*  C.  causes  the  axillary  tcmiJeraturc 
to  rise  to  39.0°  within  fifteen  minutes. 

219.  STORAGE   OF  HEAT As  the  uniform   temperature  of  the  body, 

under  normal  circumstances,  is  due  to  the  reciprocal  relation  between  the  amount 
of  heat  produced  and  the  amount  given  off,  it  is  clear  that  heat  must  be  stored 
up  in  the  body  when  the  evolution  of  heat  is  diminished.  The  skin  is  the 
chief  organ  regulating  the  evolution  of  heat ;  when  it  and  its  blood  vessels 
contract,  the  heat  evolved  is  diminished,  when  they  dilate  it  is  increased.  Heat 
may  be  stored  up  when — 

{a\  The  ikin  is  ejiensivcly  stimitlated,  whereby  the  cDtaneous  vessels  are  Icmporarily  contiacted. 
(*)  Any  other  circiimslnTicfs  prevent  heat  from  being  given  off  by  the  skin.  (0  When  the  vaso- 
motor <entre  it  excited^  causing  all  the  bloml  vessels  uf  the  liocly— thtwe  of  ihc  »iiin  incltirled — to 
contract.  This  seems  to  be  the  cau.sc  of  ihe  ri<<e  of  iemper.iiure  after  imnsfusion  of  blfxxl.  and  the 
lise  of  lerojieraiure  after  the  suiiiifH  reiuoval of  waltr  from  ihe  ixidy  seems  to  admit  of  a  similar 
cxp1nnation.a,s  the  iiiNjiiMatcd  lilood  occupies  le»  tpacc,  and  the  contracted  vesscU  of  the  skin  admit 
less  blood.  (</)  Wlicn  ihe  circulation  In  the  cutaneous  vessels  of  a  large  area  i^  mechanicalty 
Blowed,  or  when  ihe  smaller  vcs-sels  are  plugged  by  the  injection  of  some  sticky  substonce,  or  by  the 
transfusion  of  foreign  btood,  the  temperature  rises  ({  I02). 

It  is  also  obvious  that  when  a  normal  amount  of  heat  is  given  off,  an  increased 
production  of  heat  must  raise  the  temperature.  The  rise  of  the  temperature  after 
muscular  or  mental  exertion,  and  during  digestion,  seems  to  be  caused  in  this  way. 
The  rise  which  occurs  several  hours  after  a  cold  bath  is  probably  due  to  the  reflex 
excitement  of  the  skin  causing  an  increased  production  {Jurg^nsen), 

When  the  temperature  of  the  body,  as  a  whole  is  raised  6°  C,  death   takes 


place,  as  in  sunstroke.  It  seems  as  if  there  was  a  molecular  decomposition  of  the 
tissues  at  this  temperature ;  while,  if  a  slightly  lower  temperature  be  kept  up 
£ontinuousiy^  fatty  degeneration  of  many  tissues  occurs  (Li/fen).  If  animals, 
which  have  been  exposed  artificially  to  a  temperature  of  over  42°  to  44*  C,  be 
transferred  to  a  cooler  atmosphere,  their  temperature  becomes  sub-normal  (36°  C.), 
and  may  remain  so  for  several  days. 

aao.  FBVBR. — Fever  consuts  in  a  " MiorJtr  0/  the  body  kfat"  and  at  the  same  time  there  is 
greatly  imcreasrd  tiisMf  mttaboHsm  (especially  in  the  muscle*).  Of  course  the  incchaiiL^m  rct;uhu 
ling  the  iKiUnce  of  formation  and  expenditure  of  heat  \s  diJtturbecl.  Iiurini*  fever  the  body  is 
greatly  incajmcitatcd  for  performing  mechanical  work.  It  is  evidcol,  therefore,  that  the  large  amount 
of  potential  energy  Iraiisformcd  is  almost  all  convened  into  heat,  so  that  the  non  tran&fnrmaiion  of 
the  enerj^y  into  mechanical  work  is  another  important  factor.  We  majr  take  intermitient  fever  or 
Ague  as  a  type  of  fever,  in  which  violent  attackx  of  fever  of  severa!  hours'  duration  alternate  wiih 
periods  free  from  fever.   This  enables  us  to  analyze  the  symptoms.   The  symptoms  of  fever  are:— 

(i)  T)ie  increased  temperaturv  of  the  body  (58"  to  39°  C,  slight;  from  yf  to  41°  C.  and 
upward,  icvcre).  Ttie  high  lemperniurc  occurs  not  only  in  cases  where  the  skin  is  red,  and  has  a 
hot  burning  feeling  (calur  mordas),  but  even  during  the  rigor  or  the  shivcnng  stage,  the  tem)>cra- 
ture  is  raised.  I'he  congested  red  %kin  \&  a  good  Lonductur  of  heat,  while  the  pale,  bloodless  skin 
conducts  badly;  hence  the  former  feels  hot  to  the  touch  ({  213). 

[Tlie  following  table  in  °  t.'.  sad  °  F.  indicates  generally  the  degree  of  fever : — 
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=  103. 1 

-=:  104 
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^  High  fever. 
Hyperpyretie. 


(2I  The  Increased  production  of  heat  it  proved  by  calorimelic  olMervationi.  This  is,  in 
smalt  part,  due  to  the  incrcaicd  activity  of  the  circulation  being  changed  into  heat  ({  ao6,  2, «), 
t>ut  for  the  most  part  it  is  doe  to  increase^l  combustion  within  the  body. 

(3)  The  increased  metabolism  give*  ri«  to  the  "consuming"  or  "wasting"  character  of 
fever,  which  was  known  to  Hippocrates  and  Galen.  In  1852  v.  Jjarenspruog  aascned  that  "all  the 
so-called  febrile  sym))(onis  sliow  thai  the  meiatxilism  U  increased."  The  increase  of  the  metibol- 
ism  is  frhown  in  the  increased  fxcretion  of  CO,  ^  70  to  So  p»er  cent.,  while  more  (J  is  consumed, 
although  the  respiratory  <|uoiient  remains  ihe  same.  According  to  I).  Kinkier,  the  CO,  excreted 
shows  greater  variations  than  Ihe  <^J  consumed.  The  txtretion  0/  ureii  is  increased  \  to  J.  In  dogs 
mflering  from  septic  fever,  Naunyn  obtcrved  that  the  urea  began  to  increase  before  the  temperature 
rose,  *^ ffrr/thriU  ritt."  Part  of  the  urea,  however,  is  sometimes  retained  during  the  fever,  and 
appean  alter  the  fever  is  over,  "epUriiiial  excrtthn  «f  ttrea.'^  Hie  uric  add  is  also  increaird; 
the  urine  pigmtnt  (}  19),  derived  from  the  h.xmnglobin,  may  be  increased  twenty  limes,  while  the 
excretion  of  fnytttsk  may  be  sevenfold.  It  is  im|tonani  to  oUerve  that  the  oiidaiion  or  combustion 
pcoccsKS  within  the  Ixniy  of  the  fever  patient  arc  greatly  increased  when  be  is  placed  in  n  Jtrarmtr 
almmpbcre.  The  oxidation  prrMreMes  m  fever,  however,  are  also  increased  un<ter  the  influence  of 
€9»i<r  surroundings  (jj  214,  I,  2),  but  the  increase  of  the  oxidation  in  a  warm  medium  is  very  much 
greater  than  in  the  cold  (/?.  Finkler).  The  amount  of  CO,  in  the  blood  is  diminished,  but  not  at 
ooce  after  the  onset  even  of  a  very  severe  fever  {Gepf^rt). 

(4)  The  diminished  excretion  of  heat  varies  in  different  stages  of  a  fever.  We  distinguish 
several  stages  in  a  fever — (■))  The  cold  stage,  when  the  loss  of  beat  is  greatly  diminished, 
owing  to  Ihe  pale,  bloodleui  skin,  but  at  the  same  time  the  heat  production  is  iacreai^d  1}  to  2) 
times.  The  sodden  and  considerable  rise  of  the  iem|>eraiure  during  this  stage  showH  that  the  dimin- 
ished excreiion  of  heat  is  not  the  only  cause  of  the  rise  of  (he  temperature,  (b)  During  the  hot 
Stage  the  heat  /^vrn  off  from  the  congested  red  skin  Is  j^eatljf  inereased,  but  at  the  same  time 
more  heat  is  produced.  Liebermeisier  assumes  that  a  rise  of  1,  2,  3,  4°  C.  corres|x>nd»  to  an 
increased  production  of  heat  of  6,  12,  iJ{,  24  per  cent.  (<-)  In  the  sweating  stage  the  excretion 
of  heal  through  the  red  moist  skin  and  evaporation  are  greatest,  more  than  two  or  three  limes  the 
normal.  I'he  hcai  pn>ductiun  is  cither  increased,  normal,  or  sut>.nornial,  10  thai  under  these  condU 
tioos  the  temperature  may  alio  be  sub-normal  (j/cf*  C.I. 

(5)  The  heat -regulating  mechanism  is  injured.— A  warm  temperature  of  the  surroundings 
raises  the  tempcraiure  of  the  fever  patient  more  than  it  docs  that  of  a  non>febrilc  person.  The 
depression  of  the  heat  production,  which  enables  nurnial  animals  lo  oiaiulain  their  normal  tcmixra. 
liirc  in  a  wann  medium  {\  214),  is  much  less  in  fever  \D.  /•inkier]. 

The  accessory  phenomena  of  fever  ore  very  iroportant :    Increase  in  the  intensity  and  number 
ebeaii  beats  ({  SI4, 11, 3}  and  respirations  (to  adults  40,  and  duldren  60  per  mio.),both  being 
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compensaiory  plienomenA  of  the  increoset]  temperature;  further,  dintinUhed  digestive  activity  and 
mle^lirllU  movcmcnis  (g  iS6.  D);  disiurbanccs  of  ihc  ccfclMuI  activitiea;  of  wcreiioo;  of  niusculu- 
activity;  slower  excretion,  f.};.,  of  poiassium  iodide  through  the  urine.  In  severe  fever,  molecular 
degenerations  of  the  tissues  arc  very  common.  For  the  condition  of  the  blood  corpuscles  in  fever, 
see  J[  to,  the  vascular  tension,  ^  69.  the  saliva,  J  146,  digestion,  \  1S6. 

Quinine,  the  most  important  febrifuge,  causes  a  decrease  of  (he  lemperature  by  limiting  the  pro- 
duciion  of  liciit  (^  213.  6).  Tokic  doses  of  the  mcialhc  salts  act  in  the  same  way.  while  there  is  at 
Ihe  same  time  diniinisheti  furmaiion  of  Cf),.  [Antipyretics  or  Febrifuges. — All  methods  which 
diminish  abnormal  temperature  belong  to  tbts  group.  As  the  con&taiit  temperature  of  the  body 
dependH  on  (l)  the  amount  of  heat  pruductinn,  and  (3)  the  toss  of  heal,  we  may  lower  the  tempcra- 
torc  either  in  the  one  way  or  the  mher.  When  cold  water  is  applied  to  the  body,  it  al>simcts  heat, 
I.  e~,  it  affects  the  results  of  fever,  so  that  Ucbermeistcr  calls  such  methods  antithermic.  But  thoie 
remedies  which  diminish  the  actual  heat  production  are  true  antipyretic.  In  practice,  however, 
both  methods  are  usually  employed,  and  spoken  of  collectively  as  antipyretics.] 

[Among  the  methods  which  are  used  to  ahsirici  heat  Irom  the  body,  are  the  application  of 
colder  fluids,  such  as  the  cold  bath,  affusion,  douche,  spray,  ice,  or  cotd  miiiures,  etc.  A  person 
suffering  from  high  fever  rc<|uircs  to  be  repeatedly  placed  in  a  cold  bath  lo  produce  any  pcnrancnt 
reduction  of  ibe  lemperature.  Some  remedies  act  by  favoring  the  radiation  of  heat,  by  dilating  the 
cutaneous  vessels  (alcohol),  while  others  excite  the  sweat  glandi — i.f.,  are  sujorifics — so  that  the 
water  by  its  evaporation  removes  some  heat.  Among  the  drugs  which  influence  ti'^sue  changes  and 
oxidation,  and  thereby  lessen  heal  production,  are  quinine,  salicylic  acid,  some  of  the  salicylates, 
digitalt",  and  veralrin.  Bloodletting  was  formerly  used  to  diminish  abnormal  temperature.  Among 
the  newer  aniipyretic  remedies  are  hydrochlorate  of  kairin  and  antipyrin,  both  of  which  belong  lo 
the  aromatic  group  (derivatives  of  benzol),  which  includes  aho  many  of  our  best  antiseptics.] 

221.  ARTIFICIAL  INCREASE  OF  THE  BODILY  TEMPER- 
ATURE.— If  tnammals  arc  kept  consUiniiy  iii  air  at  40"^  C,  the  excretion  of 
heat  from  thf  body  ceases,  so  that  the  heat  produced  is  stored  up.  At  first  the 
temperature  falls  somewhat  for  a  very  short  time,  but  soon  a  decided  increase 
occurs.  The  respirations  and  pulse  are  increased,  while  the  latter  becomes 
irregular  and  weaker.  The  O  absorbed  and  CO,  given  off  are  diminished 
after  six  to  eight  hours,  and  death  occurs  after  great  fatigue,  feebleness,  spasms, 
secretion  of  saliva,  and  loss  of  consciousness,  when  the  bodily  temperature  has 
been  increased  4°  or  at  most  6"  C.  Death  does  not  lake  place  owing  to  rigidity 
of  the  muscles,  for  the  coagulation  of  the  myosin  of  mammals'  muscles  occurs  at 
49°  to  50°  C,  in  birds  at  55°  C,  and  in  frogs  at  40°  C.  If  mammals  are  suiidenly 
placed  in  air  at  100°  C,  death  occurs  (in  15  to  20  min.)  very  rapidly,  and  with 
the  same  phenomena,  while  the  bodily  temperature  rises  4°  lo  5°  C.  In  rabbits 
the  body  weight  diminishes  i  grm.  per  mln.  Birds  bear  a  high  temperature  some- 
what longer;  they  die  when  their  blood  reaches  48°  to  50°  C. 

Even  man  may  remain  for  some  time  in  air  at  loo-i  10-132'  C,  but  in  ten  to 
fifteen  minutes  there  is  danger  to  life.  The  skin  is  burning  to  the  touch,  and 
red  ;  a  copious  secretion  of  sweat  bursts  forth,  and  the  cutaneous  veins  are  fuller 
and  redder.  The  pulse  and  respiraiions  are  greatly  accelerated.  Violent  head- 
ache, vertigo,  feebleness,  and  stupefaction,  indicate  great  danger  lo  life.  The 
rectal  temperature  is  only  1°  to  2**  C.  higher.  The  high  temperature  of  fever 
may  even  be  dangerous  to  human  life.  If  the  temperature  remains  for  any  length 
of  lime  at  42.5°  C.,  dealh  is  almost  certain  lo  occur.  Coagulation  of  the  blood 
in  the  arteries  is  said  to  occur  at  42.6°  C.  If  the  artificial  heating  Hots  not pra- 
duce  lica/h,  fatly  infiltration  and  degeneration  of  the  liver,  heart,  kidneys,  and 
muscles  begin  after  thirty-six  to  forty-eight  hours. 

Coldblooded  animals,  if  placed  in  hot  air  or  warm  water,  soon  have  their  temperature  raised 
6  lo  10*  C.  The  highest  temperature  compatible  with  hfe  in  a  frog  must  be  below  40"  C,  as  the 
frog's  heart  and  muscles  begin  to  coagulate  at  this  tem|>erature.  Death  U  preceded  by  a  stage 
resembling  death,  durinj;  which  life  may  be  saved. 

Most  of  the  juicy  planti  die  in  half  an  hour  in  air  at  53°  C..  or  in  water  at  46^  C,  [SaeMs). 
Dried  seeds  of  com  may  still  germinate  after  long  exposure  to  air  at  I20"  C.  Lowly  or]ganized 
plants,  such  as  algw,  may  live  in  water  at  60**  C.  [Noppe-Styier).  .Several  bacteria  withstand  a 
boiling  temjierature  ( TyHdail). 

332.  EMPLOYMENT  OF  HEAT. — Action  of  Heat.— The  short,  but  not  intense,  actioo 
of  hem  on  the  surface  causes,  in  the  ftrsl  place,  a  transient  slight  decrease  of  the  bodily  temperBture, 
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|mrtly  becuue  it  relanls  rcAtxhf  the  production  of  hrnl,  and  portlj  because,  owinf;  to  the  dilatalion 
of  the  cutaneous  vc&seU  and  ine  stretching  of  the  Kkin,  tivtre  hen  ii  given  uff.  A  warm  bath  above 
ibe  leinpi  niiiire  of  the  blood  at  once  increases  the  tmdily  iemp«raiure. 

Therapeutic  Uses. —  lUc  apphcaticu  of  hrai  to  the  entire  body  is  used  where  the  bodily  lem- 
prnture  bas  bllen,  ur  i6  likcty  to  fall,  very  low,  as  in  the  algid  )-lage  ofcholcra,  and  in  infants  t.x>rn 
I  nematurcly.  The  ginerttl  application  of  beat  is  ot>tAUied  by  lue  of  wonn  baths,  pocking,  vapor 
baths,  and  the  copitius  Mse.  i  f  hot  drinks.  The  lofal  ap|.Jicaiion  t-f  heat  is  oUained  by  the  use  4>f 
warm  wri^pincft,  ponial  bntht,  plunging  ihe  parts  in  warm  ranh  ur  fand.  or  placing  wounded  ports 
ia  chamtxrs  tilled  witb  heated  air.  After  removal  of  the  heating  agent,  cart  must  be  token  to 
|)reven[  ihe  great  escape  of  heat  due  to  the  ddaiolioo  of  the  blnoj  vessels. 

133.  INCREASE  OF  TEMPERATURE  POST-MORTEM.— Phenomena.—  Heidcn- 

hatn  lound  tliat  in  a  dead  dog,  before  the  Iwidy  ctxled,  Ihore  was  n  constant  (em|KTary  rise  of  the 
temptrrature.  which  slightly  excecdrd  the  normal.  The  vsme  obcrrvation  hod  been  occasionally 
made  *m  human  bodies  immediately  aUcr  death,  e<ipecial!y  when  deoth  was  preceded  by  mu«cular 
afa*ms  [als-j  in  yellow  fever].  'I'hiis,  Wunderlich  measured  the  temperature  lifly-*cven  minutes 
after  dciih  in  a  ca\e  of  tetanus  ond  found  it  to  be  45  375"  C. 

C«usei.^(l )  A  Itm/'firtfy  increase-i  fircxiuctiati  of  Meat  after  Jra/k,  due  chiefly  to  the  change  of 
ihe  scmi-folid  myosin  ol  the  muKles  into  a  solid  furm  (rigor  morti-*).  As  the  muscle  cr>agulfltes, 
heat  is  produced.  All  coodittons  which  cause  rapid  and  intense  cr>agu1aiiun  of  the  muscles— <.  g., 
apatms  fsvor  1^ post- mortem  rue  of  iimperaiure  (see  {  295) ;  a  rapid  coagu'atJon  of  the  bIoo<l  has  a 
3umlar  result  ( }  z8,  5). 

(2)  Immcitiaiely  after  death  a  series  of  ehrmieni praeeatti  occur  within  the  IhxIv,  whereby  heat  is 
produced.  V'atentin  placed  o  dead  rabbit  in  a  chamber,  so  thai  no  heal  could  l>e  given  off  from  the 
\»yAs,  and  he  found  that  the  internal  lcm|icniture  uf  the  animal's  body  was  incrca»cd.  Tlieprt  coses 
whicl)  tau.sc  a  rise  uf  lemprm:urc  pmt-mai  Um  are  more  active  during  the  first  than  Ihe  sccoml  htiur; 
and  'he  higher  the  temperature  at  the  moment  of  death,  the  greater  is  the  amount  of  heat  evolved 
after  dewh. 

(3)  .^nuiher  cause  Is  the  diminished  exertion  pf  heat  posl-mortem.  Arter  the  circula'ton  it 
atMiIi<4hed.  within  a  few  minutes  little  heat  is  ^ven  off  fr>ro  the  surface  of  the  body,  as  rspad  excTCtion 
imp'iesihat  the  cutaneous  vessels  must  be  continually  lillc<l  witli  warm  blood. 

224.  ACTION  OF  COLD  ON  THE  BODY.— Phenomena.— A  short, 
temporary,  sliglu  cuuliiig  of  the  skin  (rciiioviiig  one's  clothes  in  a  cool  room,  a 
cool  bath  for  a  short  time,  or  a  cool  douche)  causes  either  no  change  or  a  slight 
rise  m  the  bodily  temperature.  The  slight  riK,  when  it  occurs,  is  due  to  the 
stimulation  of  the  .skin  causing  reflexly  a  more  rapid  molcctilar  transformation, 
jiikI  therefore  a  greater  production  of  heat,  while  the  amount  of  heat  given  off  is 
diminished  owing  to  contraction  of  the  small  cutaneous  vessel  and  the  skin  itself 
{^Lifbermeister).  The  continuous  and  intense  application  of  cold  causes  a  decrease 
of  the  temperature,  rhiefiy  by  conduction,  notwithstanding  that  at  the  same  time 
there  is  a  greater  production  of  heat.  After  a  cold  bath  the  temperature  may  be 
J***,  32°.  and  even  30°  C. 

As  an  after- effect  of  the  great  abstraction  of  heat,  the  temperature  of  the 
body  after  a  time  remains  lower  than  it  was  before  ("^/7>ffjry  i/Z/^rcj^^tV  " — 
Liebermeisier) ;  thus  after  an  hour  it  was  0.22**  C.  in  the  rectum.  There  is  a 
*•  $e£oniiary  a/Ur-fff'fd*'  which  occurs  after  the  first  after-effect  is  over,  when  the 
temperature  rises  {jSrgtnsof).  This  effect  begins  five  to  eight  hours  after  a  cold 
bath,  and  is  equal  to  -f-  cj**  C.  in  the  rectum.  Hoppc-Seyler  found  that  some 
time  after  the  application  of  heat  there  was  a  corresponding  lowering  of  the 
tcm|>eniture. 

Taking  Cold,— If  a  rabbit  be  taken  from  a  surrounding  temperature  of  35^  C,  and  suddenly 
ctiftleil,  it  kbtver!',  and  there  miy  lie  diarrhojo.  After  two  dn>*s  the  tem^»erature  rises  1  5*  C.  and 
albuminuria  occurs.  There  are  niicroKO^  ic  iriices  of  imerstiiial  inllommation  in  the  kidney*,  liver, 
tunc*,  heart,  .ind  ncn/c  sheaths,  the  dilntctl  nncrie*  uf  ihe  liver  and  lung  ccnUin  ihrrMnhi,  and  in  the 
no^hborbood  of  the  veins  arc  accumulntions  of  leucocytes.  In  pie^nanl  onimiU  tlie  ftctus  shows  the 
same  condition^.      Perhapc  the  greatly  co<>Ieit  blood  attn  an  an  jriltant  causing  inl1amtnalii}ii. 

Action  of  Frost.—  I'he  continued  applicati^in  of  a  high  degree  of  cold  causes  at  fust  contrjcticn 
of  the  bl'Mxl  veastcls  uf  the  !>km  and  iLt  muM:le»,  hu  that  it  becomes  fmtc.  If  cuutinueit  pornlysis  of 
the  cutonr'iusTcsMls  occurs,  ibe  skin  t>ecomes  red.  oH-ing  tocongcMioo  of  its  vessdt.  As  thepui^age 
of  lluuls  ihrougb  the  ca|HUaries  is  rendered  more  dtflicult  by  the  cold,  the  blood  fUgBOtes,  and  the 
kIud  •■somes  a  tivu/  iippearanee^  as  the  O  is  olino^t  completely  used  up.    Thus  the  peripheral  circa- 
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lalioQ  i»  slowed.  If  the  action  of  the  coM  be  Mill  mare  intone,  the  pctipFicnil  circulation  stops 
completely,  especially  in  the  ihinneAt  and  mo&t  ex|OHd  urgans — ears,  nose,  tucs,  and  lingers.  The 
tensory  ncrvm  are  poraly/ed,  &o  thit  there  is  oiuubriess  wiiti  loss  or  sensibiliiy,  and  the  parts  may 
even  be  frcu'cn  through  and  through.  As  the  5l<jwing  of  the  circulation  in  the  soperfici:il  veueU 
gratluHlly  afTccts  other  areas  of  the  circulation,  the  pulmonary  circnlaiion  »  enfeeble^,  and  diminibUed 
oxidation  of  the  blood  occurs,  notwithstanding  the  |*rcatcr  amount  of  O  in  the  cold  air,  sa  that  the 
Mcrvc  eetitrcs  are  affected.  Hence  arise  grcai  dislike  to  making  movemt^nis  or  any  muscular  cffDrt, 
a  painful  sensation  of  falij*ue,  a  peculiar  and  almost  iire!>istib]c  desire  to  sleep,  cerebral  inactivity, 
blunting  of  the  sense  orjjons,  and  lastly,  cuma.  The  hl«od  frcc/cs  at  — 3,9*  C,  while  the  juice<>  01 
the  hupcrlicial  part^  freeze  sooner.  Too  raj^id  movements  of  the  fru&l  bitten  \.dxm  ought  to  be 
avoided.  Rubbing  \sitli  snow,  and  the  very  gradual  appticatiun  pf  heat,  produce  the  bc»t  results. 
Paitial  deiuh  of  a  part  is  not  un^quently  pioduced  by  tlie  prolonged  action  of  cold. 

225.  ARTIFICIAL  LOWERING  OF  THE  TEMPERATURE,— 
Phenomena. — The  artificial  coaling  of  warm-blooded  animals,  by  plating 
them  in  cold  air  or  in  a  freezing  mixture,  gives  rise  to  a  series  of  characierislic 
phenomena.  If  lite  animals  (rabbits)  are  cooled  so  that  the  iem|wraiure  (rectum) 
falls  to  18**,  they  suffer  great  depression,  without,  however,  the  voluntary  or  reflex 
movements  being  abolished.  The  piiis<^  falls  from  100  or  150  to  20  beats  per 
minute,  and  the  blood  pressure  falls  to  several  millimetres  of  Hg.  The  respira- 
tions are  few  and  shallow.  Suffocation  does  not  cause  spasms,  the  secretion  of 
urine  stops,  and  the  liver  is  congested.  The  animal  may  remain  for  twelve  hours 
in  this  condition,  and  when  the  muscles  and  nerves  show  signs  of  paralysis, 
coagulation  of  the  blood  occurs  after  numerous  blood  corpuscles  have  been 
destroyed.  The  retina  becomes  pale,  and  death  occurs  with  spasms  and  the 
signs  of  asphyxia  If  the  bodily  temperature  be  reduced  to  17**  and  under,  the 
voluntary  movements  cease  before  the  refiex  acts.  An  animal  cooled  to  18**  C, 
and  left  to  itself,  at  the  same  temperature  as  the  surrounding,  does  not  recover  of 
itself,  but  if  artificial  respiration  be  employed,  the  temiwrature  rises  10°  C.  If 
this  be  combined  with  the  application  of  external  warmth,  the  animals  may  recover 
completely,  even  when  ihey  have  been  apparently  dead  for  forty  minutes. 
Waliher  cooled  adult  animals  to  9°  C,  and  recovered  them  by  artificial  respira- 
tion and  external  warmlh;  while  Horvath  cooled  young  animals  to  5°  C. 
Mammals,  which  are  born  blind,  and  birds  which  come  out  of  the  eg^  devoid  of 
feathers,  cool  more  rapidly  than  others.  Morphia,  and  more  so,  alcohol,  ac- 
celerate the  cooling  of  mammals,  at  the  same  time  the  exchange  of  gases  falls 
considerably  ;  hence,  drunken  men  are  more  liable  to  die  when  exposed  to  cold. 

Artificial  Cold-blooded  Condition.— CI.  Bernard  made  the  important 
observation,  that  the  muscles  of  animals  th:tt  had  been  cooled  remained  irritable 
for  a  long  time,  to  direct  stimuli  as  well  as  to  stimuli  applied  to  their  nerves  ;  and 
the  same  is  the  case  when  the  animals  are  asphyxiated  for  want  of  O.  An  "  arliji' 
ciai  cold-blooiied  condition^'*  /.  f.,a  condition  in  which  warm-blooded  animals 
have  a  lower  temperature,  and  retain  muscular  and  nervous  excitability,  may  also 
be  caused  in  warm-blooded  animals,  by  dividing  the  cervical  spinal  cord  and 
keeping  up  artificial  respiration  ;  further,  by  moistening  the  peritoneum  with  a 
cool  solution  of  common  salt. 

Hibernation  (nTsenl^  n  serin:  of  siinilar  phtrnomcna.  Valentin  fouHr)  that  hilwruatin^  animolt ' 
become  hnlf  owakc  when  their  bodily  temperature  i*  aS**  C. ;  at  18*  C.  the)'  arc  in  n  5oninoleiU  coa- 
dilion,  at  6''  Ihcy  arc  in  a  gmtlt;  slce|>,  and  al  1.6°  C.  in  a  deep  sleep.  The  hivtrt  tx:ati  ai>d  the  blood 
preisLfure  fall,  the  former  to  8  lo  10  per  minute.  The  respiratory,  urinary,  and  intp?tinid  movemenB 
cca.se  completely,  and  the  card io-pneumn tic  movement  olone  snMninii  ihe  flight  e«rhnn{>p  of  uim^  ill 
the  lungs  (Jl  59).  Tliey  cannot  endure  cooling  to  o**  t_". ;  and  nwnkv  i 
low.     Hibaiuuine  animals  may  be  cooled  to  a  greater  degree  ihan  ifih^i 

mimily,  tind  they  l>cc<ime  warm  ngnin  rapidly,  and  c\rn    :   -'-■■■ ■'■  •■■-  ■•■■•  —  ■ • .—  ■ 

hit«cn>flling  aniinnls  morr  closely  in  thi'*  respect  than  ■! 

CoId-blcx>ded  aniroalB  may  be  cook-d  too**-      t' 
fofmcd  in  the  l>Tnph  of  the  peritoneal  foviiy,  finop^ 
dead,  but  when  [^uced  in  a  worm  mctlium  they  .' 
again.     The  geims  and  ova  of  lower   animaU, 
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cold  he  modenUe,  Jt  raerdy  reUrdx  devrlopmniL  Bacteria,  e.  /.,  BadDus  anthracis,  survive  a  lempcnt- 
lurr  of —  130°  v.  ;  yeast,  even  —  loO®  C. 

Varnishing  the  skin  cau.<(r%ft  »eria  of  similar  phenomcfw.  "The  vanusbed  &lun  gives  off  a  la»e 
amciunt  of  licat  I>t  miliaLiun,  and  Mimrtimcs  the  ciiUneoitt  vessel*  are  grmtly  dilated.  Hence  ibe 
anironls  tuol  rapidly  and  die,  nlthougli  the  conhumjHiun  of  O  is  not  dimini-vhal.  If  cooling  he  pre- 
vailed l<y  wamiini;  lliein  aud  kt^|iMi(^  thi-m  in  unnn  wonl,  lUo  aniinaU  live  ivr  a  lon^jrr  time.  Tlie 
hlood /OS f-Mort^m  does  not  contain  any  |xii>^)iv>uH  -lul'slances.  m>r  even  are  any  tnnttriaU  retained  in 
the  hloud  which  can  cauKi-  death,  for  if  ihe  bluod  be  injected  into  uihcr  animals,  Ihc^  remain  bcolifay. 

n6.  EMPLOYMENT  OF  COLD.— Cold  may  be  apfilied  to  the  whole  or  part  of  tbcsurrace 

of  the  Imdy  in  the  fulluM  ing  Cnnditinrs  : — 

(.t)  Uy  pUcing  ibc  body  for  a  lime  in  a  cold  bath,  to  abstract  as  much  bent  as  pos^blc,  when  the 
bodily  leniiteraturc  in  fever  nx%  ho  hi^rh  0.1  In  be  r^angcroiu  to  life.  Th»  result  is  best  nccompli>lieij 
and  last*  longest  when  the  Iwith  h  gnuhially  c<Kjl«i  (mm  a  modtraic  temperature.  If  the  liody  be 
pUccd  at  once  in  cold  water,  the  culnncous  vckmtIs  contract,  the  skin  become  bloudlcsvs,  and  thus 
obsUcIo  arc  placed  in  the  way  ni  the  excretion  of  heot.  A  bath  gradually  cooled  in  this  way  is  Ixtme 
longcT.  llie  addition  of  stimulatinf;  substances,  e.  j^.,  uilis,  which  cause  dilatation  of  the  cutaneous 
vcAclft,  fiicilitale*  the  excretion  of  hral  ;  even  salt  water  conduct*  beat  better.  If  alcohol  be  given 
iBtenwlly  al  the  same  time,  it  lowers  the  tcmpermure. 

{Jt)  Cold  may  be  a|iplied  locally  by  mcaiu  of  ice  in  n  bi^.  which  cnu.se>  contraction  of  the  cutane- 
oni  vesieU  and  contraction  of  the  ti»ucs  (as  in  inflamroatioD),  while  at  the  some  lime  beat  is  obsiracted 
locally. 

(r)  Heat  may  be  abstracted  locally  \yy  the  rapid  evaporation  of  volatile mhKtanccK  {clher,  carbon 
dl»ilpbkle),  which  cuusei*  numbness  of  the  sensory  nerves.  Tlie  introduction  of  media  of  low  tem- 
perature into  the  body,  rcsfMrinj;  cool  air,  lakini^  cold  drinks  and  the  injection  of  cold  fluid<«  into  the 
Intestine  act  locally,  and  also  produce  a  more  general  actioi^  In  applying  cold  it  '\a  important  to 
notice  that  the  initial  contraction  of  the  vc^bcU  and  the  contraction  of  the  tissues  are  followed  by  a 
grealor  dilatation  and  lunjescence,  f.  r,  by  a  healthy  reaction. 

427.  HEAT  OF  INFLAMED  PARTS.— "  Calor,"  or  heat,  is  reckoned  one  of  the  funda- 
mental phenomena  uf  inflammation,  in  addition  tonit>or  (redness},  tumor  | swelling),  antl  Holor 
(pain).  But  the  njiparent  increase  in  the  heat  of  the  inllaine<l  |nn»  is  not  at»ove  the  tem]ierature  of 
the  bkxxl.  Simon,  in  1 S60,  asserted  that  the  arterial  blood  flowing  to  an  inflamed  port  was  cooler 
than  the  part  itself,  but  this  has  been  cmUradictetl.  The  outer  pam  of  the  skin  in  on  inflamed  port 
are  warmer  than  usual,  owing  tothe  dilatation  of  tbe  vessels  (rubor)  and  the  consetfuent  acceleration 
of  the  blixid  stream  in  the  inllamed  iHut,  and  owing  to  the  swelling  (tumor)  from  the  presence  of 
good  heal-con ducting  fluids ;  but  the  neat  U  not  greater  than  the  heal  of  the  blood.  It  is  not  proved 
thai  an  incrcn&cd  amount  of  heat  is  produced  owing  to  incrcai>ed  molecular  decompositions  within  an 
inflamed  part. 

«8.  HISTORICAL  AND  COMPARATIVE.— According  to  Aristotle,  the  heart  prepares 
the  heat  within  il^lf,  and  ^clld>  it  aloitg  with  the  I>1o(.kI  to  all  \iai\s  of  the  body.  This  dnctnne  pre- 
vailed in  the  lime  uf  HipixKiratCi  and  t  iDlcn.  and  occurs  e\-en  in  Carle.i.ius  and  Hnrtholinus  1 1067, 
**  Bommula cordis  "|.  Tbe  iatro-rocchaniCBl  school  \BiKrkove,  van  Sieiftm)  a&crilicd  tbe  heat  to 
the  friction  of  the  blood  on  the  wnlLs  nf  Ihi- vc><iel)i.  Tlie  iatro-chcmical  school,  nn  the  other 
haiMl.  sought  the  source  of  heat  in  the  fcnneiitations  that  arose  from  tbe  paa>age  of  the  at>v>rljed  ^uli- 
Stanco  into  tbe  lilood  (imw  HrlmonT,  Sylvius,  Ettmtiiiir),  Lavoisier  (1777)  was  tbe  br^t  tu  ascribe 
ibc  beat  to  the  combuslinn  of  corlmn  in  the  lungs.  After  the  construction  of  the  therroomeler  h^ 
Galileo,  Soticlorius  (1626)  made  the  first  ibermitmctric  olfscrvatinn^  00  •itck  (let^ons,  wliilc  die  fini 
Ciiionmtftrii  obacrvvtiotu  were  made  by  tjivoisicr  and  I^jdace.  Comparative  ob^ervationi  ire 
given  al  {  307,  and  also  under  Hitterni%tian  {\  225). 
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By  the  term  metabolism  we  mean  those  phenomena  whereby  all — even  ihe 
most  lowly — living  organisms  are  capable  of  incorporating  the  substances  obtained 
from  their  food  into  their  tissues,  and  making  them  an  integral  part  of  their  uwn 
bodies.  This  part  of  the  process  is  known  as  assimilation.  Further,  the  organ- 
ism in  virtue  of  its  metabolism  forms  a  store  of  potential  energy,  which  it  can 
transform  into  kinetic  energy^  and  which,  in  the  higher  animals  at  It-ast,  appears 
most  obvious  in  the  form  of  muscular  work  and  heat.  The  changes  of  the 
constituents  of  the  tissues,  by  which  these  transformations  of  the  potential 
energy  are  acconipanietl,  result  in  the  formaiion  of  excretory  products,  which 
is  another  part  of  the  process  of  metabolism.  The  normal  metabolism  requires 
the  supply  of  food  quantitatively  and  qualitatively  of  the  proper  kind,  the  laying 
up  of  this  food  within  the  body,  a  regular  chemical  transformation  of  the  tissues, 
and  the  formation  of  the  effete  products  which  have  to  be  given  out  through  ihe 
excretory  organs.  [Synthetic  or  constructive  metabolism  is  spoken  of  as  anaboliCr 
and  destructive  or  analytical  metabolism  as  katabolic,  metabolism.] 

329.  THE  MOST  IMPORTANT  SUBSTANCES  USED  AS 
FOOD. — Water.— When  we  remember  that  58.5  per  cent,  of  the  budy  con- 
sists of  water,  that  water  is  being  continually  given  off  by  the  urine  and  fasces,  as 
well  as  through  the  skin  and  lungs,  that  the  processes  of  digestion  and  absorption 
require  water  for  the  solution  of  most  of  the  substances  used  as  food,  and  that 
numerous  substances  excreted  from  the  body  require  water  for  their  solution, 
especially  in  the  urine,  the  great  importance  of  water  and  its  continual  renewal 
within  the  organism  are  at  once  apparent.  As  put  by  Hoppe  Seyler,  all  organ- 
isms live  in  water,  and  even  in  running  water,  a  saying  which  ranks  with  the  old 
saying — "  Corpora  non  agunt  nisi  fluida." 

Waicr — OS  far  a&  it  is  not  a  con-tituenl  of  all  (IukI  fuods — occurs  in  tlifTcrcnt  fortn»  as  drink:  ( t  \ 
Rain  water,  wliich  most  closely  rencmtiLcs  itiittillei)  or  chcinicuUjr  pure  water,  always  contains 
mitkute  i]uaiititics  of  CO^  NII|.  niiious  and  oitiic  acids.  (2)  Spring  water  tuually  contains  much 
inti\eral  »ul>stancc.  U  m  fotmrd  rr.>iD  the  {leposition  of  wattry  vap^r  ur  rain  from  the  air,  winch 
peimeateft  the  soil,  coiilaiiiiiig  inucli  CO., ;  (he  CO,  i&  di&solvcd  by  the  water,  and  aids  iu  diidulvinjf 
the  alkalies,  alkaline  earths,  and  uielaU,  which  appear  in  !>uluiion  as  bicartwnatcs,  t.  _i^.,  of  lime  or 
iron  oxi.le.  The  wuter  is  nniovcd  ironi  the  spring  by  proper  mechaoicai  appliances,  ur  it 
I  ubUes  up  on  the  kurAice  in  liie  foim  of  a"sprin>;"  (3}  River  water  usually  contains  much 
Ief8  mineral  matter  than  s|  ring  wjicr.  Spring  wattr  flnaiing  on  tlic  surface  rapidly  gives  oflf  tts 
CO,,  whereby  many  substances — c*.  ^^,  lime — are  thrown  out  of  solution,  and  deposited  as  inaoluble 
precipitates. 

Gases. — Spring  water  contains  little  O,  but  n>uch  CO,,,  the  Utter  giving  to  it  its  fresh  taste. 
Hence,  vegetable  organisms  llrmrish  in  spring  water,  while  animals  ret)uiiiiig,  a»  ihty  do.  much  (>, 
are  lut  piHirly  represented  in  such  w-itcr.  Wntcr  tlovring  freely  gives  up  CO,,  and  absorbs  O  from 
the  air,  and  thu^  afiurds  tlie  necessary  CEiiidiiiuns  fur  the  exiMCucc  of  ri}>hc&  and  itbcr  marine 
animals.  River  water  conuins  j'j  to  ,'9  of  its  volume  of  alworbed  gases,  which  may  be  expelled  by 
boiling  <>t  frcLv-ing. 

Drinking  water  is  chiefly  obtained  from  springs.     River  waitT,  if  used  for  ihts  purpow,  mtuf 
lie  lihereil  to  get  rid  of  mechanicallj;  suspended   impurities.     Knr  household  |-urpuscs  a  charoal 
filler  may  be  us.:d,  as  the  chaicual  acts  as  a  disinfectant     Alum  lias  a  remarkable  action.     Wb 
mdded  tu  give  a  ddo:ion  containing  0.0001  i;er  ceiii.,  it  makes  lurbid  uater  clear 
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Investigation  of  Drinking  Water. — Drinking  water,  even  in  a  thick  layer, 
ouj^hi  10  be  compleiely  cohrUss^  not  turbid^  and  without  odor.  Any  odor  is  best 
recognized  by  heating  it  to  50''  C,  and  adding  a  httie  caustic  snda.  h  ought 
not  to  be  i&o  hard,  i.  r,  it  ought  not  to  contain  too  much  lirae  (and  magnesia) 
salts. 

Rylhe  term  "dep'ee  of  hardnean"  of  a  water  is  meant  Ihe  unit  amonnl  of  time  (and  magiwmi) 
in  10D.000  partft  of  water ;  a  wotcr  of  20  defaces  of  h.tr(lncKr  contains  ao  pans  of  lime  (calcium 
otidc)  combined  witli  CO,,  Auljihiiric,  or  hydrjchtoric  acids  (llic  Mnill  oinnuni  of  magnesia  may  he 
ne(;l<cted).  j4  j^ocJ  dHttkint;  tvUer  ant^hi  not  to  exceed  20  decrees  of  hardness.  The  hardness  is 
detcnnined  by  liiralin^  the  water  with  a  standard  soap  sotiiliun.  the  result  tieing  the  formalinn  of  a 
scum  of  lime  soap  on  the  surface.  The  hordne«  of  unheiUJ  water  \s  called  its  tcUil  hnrdm'i, 
while  that  of  MleJ  coaler  t>  called  permanent  hardneas.  ItoHIng  drives  off  ibe  CO,,  and  pre- 
cipil-iteit  the  calcium  c*rl>onate,  »o  that  the  water  at  the  umc  lime  Itecoines  softer. 

The  prwence  of  sulphuric  acid,  or  sulphates,  i-*  determined  by  the  water  becoming  turbid  cm 
addinf!  a  Mtlution  of  barium  chloride  and  hydrtKbloric  acid. 

Chlorine  occurs  in  kmnll  amonnl  in  ptirtr  spring  water,  but  when  it  occurs  then-  In  larc;e  amount — 
apart  from  its  being  derived  frntit  sialinc  springs,  near  the  .■•ca  ur  manufactories — we  uiiy  conclude 
that  Ihe  water  is  coni.iminaied  from  water  closets  or  dunghills,  so  thm  the  estimation  of  chlorine  is 
of  importance.  Kur  thi*  jjurpotc  use  a  sniulion,  A,  of  1 7  grms,  of  crystallized  silver  nitrate  in  I  litre 
of  distilled  water;  I  cu'iic  ceniimftre  of  this  solution  precipitates  3,55  milligrammes  of  chlorine  as 
lilver  chloride.  Use  al>o  U,  a  cold  saturated  solution  of  neutral  noias^iam  chromatc.  Take  50 
cubic  centimetres  of  the  water  to  be  investigated,  and  place  it  ii  a  iteaker,  a<ld  to  it  2  to  3  drops  of 
B,  and  allow  the  fluid  A  to  run  into  it  from  a  burette  until  the  white  precipitate  fir^i  forme<J  remains 
red.  even  after  the  lluid  ha*  lieen  ^tirrftl.  Multiply  the  numl.yrr  of  cubic  ceniiuietrcs  of  A  used  hy 
7.1,  and  this  will  give  the  amnum  of  chlorine  in  100,000  ports  of  the  water.  Example — 50  c.  cmtr. 
requites  2.9  ccuitr.  of  the  silver  solution,  so  that  100,000  paru  of  the  water  contain  3.9  X  ?•■  — 
30.59  ]Mni  chlorine  (AWc/  Tiemann'^.  Good  water  ought  n»t  to  contnin  more  than  1$  milli* 
grammes  of  chlorine  p<'r  litre. 

The  presence  of  lime  may  be  ascertained  by  aciduIaUng  50  culric  centimetre*  of  the  water  w*lh 
HCI,  adding  ammonia  in  esceu,  and  afterward  adding  ammonia  oxalate;  ihe  white  precipitate  is 
lime  oxalate.  According  to  the  degree  of  turbidity,  we  judge  whether  the  water  xs  "  soft  "  (poor  in 
limei,  or  **  hard  "  (rich  in  lime). 

Magnesia  i*  determined  by  taking  the  clear  fluid  of  the  above  operation,  afier  removing  the  iire- 
cipilaie  of  lime,  and  adding  tn  it  a  solution  of  sodium  phosphate  and  some  ammonii ;  the  cryftlalline 
precipitate  which  occurs  is  magnesia. 

Tlie  more  feeble  all  these  rcactiunt  which  indicate  the  presence  of  Sulphuric  acid,  chlorine,  lime, 
and  magnesia,  are,  the  better  is  the  water.  In  addition,  good  water  ought  not  to  contoio  more  than 
traces  of  uiimles,  nitrites,  or  compounds  of  ammonia,  as  their  presence  indicates  the  decomposition 
of  nitrogenous  organic  sul«tincc^ 

For  nitric  acid,  ukc  too  cubic  centimetres  of  water  acidulated  with  two  or  three  drops  of  con- 
cenlr.i|(-'l  sulphuric  acid,  add  several  [Mece«  of  rinc  tr^eiber  with  a  solution  of  potassium  iodide,  and 
March  solutiot^^  blue  color  indicites  nitric  acid.  The  following  lest  is  very  delicate :  Add  to  half 
m  drop  of  water  in  a  capsu'e  two  drops  of  a  watery  solution  of  IlruciDum  sulphuricum.  and  afterward 
•everal  drops  of  conrentratcd  sulphuric  acid;  a  rose-red  colorattoa  iitdicaies  the  presence  of  nitric 
■cid. 

The  presence  of  nitrous  acid  i*  ascertained  by  the  blue  colnration  which  results  from  ihe  addition 
of  a  solulion  of  potassium  iodide,  and  liolution  of  starch,  after  the  water  has  been  acidulated  wiih 
lulphuric  acid. 

Compounds  of  ammonia  are  detected  by  Nessler's  reagent,  which  gives  a  yellow  nr  reddish 
coloration  when  a  trace  of  ammonia  1^  |)rc«ent  tn  water;  while  a  Urge  amount  of  theM  compounds 
p»es  a  tiri->wn  jwecipi-aie  of  Ihe  iodide  of  mercury  and  ammonia. 

The  contamination  of  water  ti)- decomposing  animil  substance  ii  determined  by  the  amount 
of  N  it  contains.  In  most  cases  it  is  sufficient  to  determine  the  amount  of  mtin'e  arid  present.  For 
this  purpose  we  require  (A)  a  solution  of  i.87t  i;rms.  potassium  nitrate  tn  i  litre  distille  I  witer— 1 
cubic  centimetre  contains  I  milligramme  nilric  aci  I;  (Rl  a  dilute  sohiuon  of  indigo,  which  i'*  prepared 
by  rubbing  together  one  part  of  {Hilveri/c  I  indigotin  with  six  pana  ]ljS<J,,  and  allowing  the  deposit 
to  fulwtde.  when  the  blue  fluid  is  jioured  into  firty  tiroe«  its  volume  of  distilled  wjter  and  filmed. 
This  tfuid  it  diluted  with  diitilled  water  antil  a  layer,  12  to  15  mm.  in  thickness,  begins  to  be  traitt- 
parent. 

To  test  the  activi'y  "f  B,  pl.ice  i  cubic  centimetre  of  A  in  24  cuNc  ceilimctres  water,  add  some 
common  salt  and  50  cubic  centimetres  concentrated  sulphuric  acid,  and  allow  U  to  (low  fr-mi  a 
burette  into  this  mixture  until  a  fiinl  green  color  is  obtained.  The  number  of  culnc  centimetres  of 
B  oaed  correspond  to  i  milligramme  nf  nitric  acid. 

'•'—oirir.fivc  cubic  centimetres  of  the  water  to  be  investigated  are  mixed  with  50  cubic  centiiiMira 
"Ved  II  gSO^,  and  titrated  with  B  until  a  green  co\ot  is  obtained.     This  process  mutt  he 
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repeated,  and  on  tbe  second  occftnon  the  solution  B  must  be  allowed  to  flow  In  at  once,  wha  miB^ 
Mmewhat  more  indigo  ■volution  i^  required  to  obtain  the  prwn  solution.  The  nambcr  of  ml«t  wdei- 
metres  of  U  (corresponding  lo  the  strength  of  D,  as  dctcnnined  ubove)  iiulicntcs  ihc  anwunl  trf  ultic 
add  present  in  25  c.cmtr  of  the  water  investigated.  As  much  as  lo  milUgninuDCS  attrk  wai  hiw 
been  found  in  spring  wnter  {Afiirr,  Trommnierff\. 

bulphuretted  Hydrogen  is  rccngni/cd  \vf  \\:>  otinr  ;  also  by  0  piece  of  blotting  piqier  natfaed 
with  alkaline  soUrtion  of  lead  Ix^oming  lirown  wh'cn  it  is  hrld  over  the  Inihng  water.  If  it  cowi 
as  a  (vtfipimwi  in  liie  water,  MxlJum  niiru-prii!v<TidL-  givt.-i>  a  reiltli&b~ violet  color 

It  is  of  the  greatesl  importance  that  drinkinj;  water  should  Iw  free  fr^m  ihe  presmct  cr/' organic 
matter  in  a  •■tJtte  uf  decc»np05ition.     (Jrgnnic  matter  in  a  »tnte  of  decompoMtion,  and  the  orgintm 
therewith  iu«nciitled.  when  introduced  into  the  body,  may  give  rise  lo  fnlol  malatUcs,  t.g.,  cbdenond 
typhoid  fever,     Thi^  is  the  case  when  the  water  suj>|)ly  has  been  contaminated  from  wtiirr  wlndtbi 
percolated  from  water  closets,  privies  and  dung  pits.      The  prtitnre  of  or^anu  matter  may  it4/ttetkd 
ifiHS  (I)    A  considerable  Amoiinl  of  the  fitter  is  evaporaterl  to  dr}'ness  in  a  porcclatn  vend,  if  IW 
residue  be  healed  again  a  brown  or  bbck  color  indicates  the  presence  ot  a  coiuidenble  aauuM  rf 
organic  matter ;  and  if  it  contain  N,  there  is  an  odor  of  ammonia.     Good  water  tmted  in  (ha  m\ 
gives  only  a  light  brown  stain.     The  presence  of  micro-organtsnns  may  he  drterminrd  microMXfi»-'| 
ally  after  o'aporaiing  a  ^rnall  ijuaniiiyof  llie  water  on  a  gla>e  slide,     {i)  Tlic  addition  of  ^</<tJiii 
ffoU  chiori<ie  to  the  wat<T  gives  a  block  frothy  precipitate  ftfl«"  long  standit^.     jj)  A  wlirtinn 
fottisnum  permaiii^anafe,  added  lo  the  water  in  a  covered  jar,  gradually  becomes  decok)ri/cd,  and 
brownish  precipitate  U  formed . 

Wnter  Containing  much  orj^anic  matter  ittiould  Mrrvr  Ik  used  as  drinking  m  alcr,  and  iliis  is  epenllf 
the  OLse  wbt-n  there  is  an  eitidemic  of  ty[)li(iid  fever,  cholera  or  dianrhrvn.  In  alt  wch  cirennDlimtrs 
the  wnter  ought  10  be  t»oHcd  for  a  long  time,  whereby  the  otniranic  gerros  onr  killed.  The  i(ui[iid  tJHie 
of  llie  waler  after  bailing  may  be  corrected  by  adding  a  little  sugar  or  lime  juice. 

230.  THE  MAMMARY  GLANDS  AND  MILK.— Milk  Duct.— About  20  gnlacurfntM 
duct:^  open  singly  upon  the  surface  of  thr  nipple.     Kach  of  thcv,  jiirt  liefore  it  0[»ciu*  im  the  suiiKt. 

b  provided  with  an  oval  dilatation — the  sinus   lacleua.    NMkb 
Fin.  233.  traced  into  the  gland,  the  galactoferouti  ducts  divide  like  tlir  braidus 

of  a  tree,  and  a  lai^c  branch  of  the  duct  pas»es  lo  cuh  lobe  of  tlie 
gland,  all  the  k]bes  bang  held  together  by  Inose  conoective  (bm- 
( )nly  diiriiig  lactatkm  do  all  the  fine  terminations  of  the  dncts  cuft- 
municnte  with  the  globular  glandular  acini.  Every  gbmd  acioM 
cimsi'i.ts  of  n.  inwnbmna  propria,  surrYnindcd  externally  wkh  k  atf- 
work  of  branched  connective -tLssuo  corpuscle*,  and  Hned  intrTmlK 
with  n  somewhat  llnttcned  polyhedral  layer  of  nucleated  secrelocy 
cells  \ I'ig.  33,^)  The  si/e  of  the  lumm  of  the  nrini  depeihls  q«i 
the  sccreiory  activity  of  tlie  glands;  when  li  !.*  large,  it  u  hll<il  ^h 
milk  containing  numcroiiB  refr.fctivc  fatly  gnumlesi.  The  willi  of 
the  milk  duct*  cciiMsl  of  fibrillar  connective  ti^uc,  «ome  filtw  «re 
ommgttl  longitudinally,  but  the  chief  mass  arc  dispownl  cirmUrij, 
and  are  jjermeatr^  extenially  with  elastic  fibres,  while  in  ihc  taff 
ducts  there  is  a  mnnbmna  pr\>[)ria  continuous  *iih  that  of  tbegl«fi»l 
acini.  The  ducts  are  liiietl  by  cylindrical  e}»itht'linm- 
Huring  the  firtt  few  days  nfler  delivery,  the  breasts  secrete  a  •onall  amount  of  nnlkof  giW 
consistence,  and  of  a  yellow  cftlor — the  colostrum — in  which  large  celU  rdlc*!  with  fatly  pin  Jo 
occur — the  colostrum  corpuscles  (Tig.  235)-  Sometimes  a  nucleus  is  olxtrvable  witlun  tlMa,aid 
rarely  they  exhibit  nm'rboid  inovcincnt*  ( Hg.  234,  c,  d,  e).  The  regular  secrelion  of  BuUc  bt^R* 
after  three  to  four  daj-s.  It  was  formerly  sup]XJ*e(l  that  the  cells  of  the  acini  underwrnl  a  fatlyitajw- 
cration,  and  iIuls  producetl  the  fatty  granules  of  the  milk.  It  \s  more  prulwible,  from  recent  obwrvi 
lions,  that  the  cells  of  the  acini  manufacture  the  fatty  granules,  and  their  protoplasm  cUnttuats 
at  the  some  time  forming  the  clear  tluid  [jort  of  the  milk. 

Changes  during  Secretion. — Pratsch  and  Heidenhain  found  that  the  iccrt-' 
tory  ( ells  in  the  non-secreting  gland  (Fig.  234.  1)  were  flat,  polyhedral  and 
uni-nucleaied,  while  the  secreting  cells  (Fig.  234.  II)  often  contained  sevt 
nuclei,  were  more  albuminous,  higher,  and  cylindrical  in  form.     The  edge  of  1 
cell  directed  toward  the  lumen  of  the  acinus  undergoes  characteristic  chang 
during  secretion.     Fatty  granules  are  formed   in   this  part  of  the  cell,  and 
afterward  extruded.     The  decomposed   portion   of  the  cell   is  dissolved  in  ihc 
milk,  and  the  fatty  granules  become  free  as  milk  globules  (Fig.  334,  II,  a).    ^^ 
nuclei  are  present  in  that  part  of  the  cell  which  is  broken  up,  they  also  pusiiMfl 
the  milk  and  p:ive  rise  to  the  presence  of  nuclein  in  the  secretion.  ^B 

Besides  the  milk  globules  and  colostrum  Corpuscles,  Kauber  has  found  leucocytes  uodergutng  btty 
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degencnUion  imd  single  pde  celts  (/).  Occasionally  milk  gk>hul<s  are  (tmnd  with  traco  of  ibe  cell 
sutistancc  adhering  to  ihctr  sur&cc  (^). 

Formation  of  Milk. — Cunccniing  the  fonnatian  of  the  individual  constituents  of  milk,  II. 
Tlucrfeldrr,  who  digested  frc&h  moniniary  glands  directly  after  death,  fjund  that  during  the  dige^ion 
of  the  glands,  at  llic  tmi|KTaturc  of  the  liody,  a  redacirg  sutv^tiince,  pmlmtily  lactose,  wa^  runned 
by  a  proceu  of  frrmcntation.  'Ilic  mntbcr  sultttance  (utcchfimgen)  i:^  tolublr  in  iriitcT,  but  rxX  in 
aioobdor  ether,  is  not  dc&iroyrrl  hy  boiling,  and  bi  not  identical  with  glycoi;cn  The  fennent  which 
fumu  the  lactose  is  connected  with  the  gland  cells — it  docs  not  pa»  into  the  milk,  nor  into  a  watery 
erlract  of  the  gland.  During  the  digcdi  -n  of  the  mnnuntuy  gtandi  at  the  tcnipcrnlure  of  the  body. 
casein  i»  formed,  proUibly  frutn  ftcruio  alhunun,  l>y  a  proceu  of  fermentatioo.  'lliis  ferment  oocun 
in  the  milk. 

The  nipple  ami  itt  areola  are  characterized  by  the  jweacnce  of  pigment — more  abundant  during 
pregnancy  —in  the  rrtc  Malpigliii  of  the  «kin,  and  by  large  pnjjilLr  in  the  cutis  vera.  Some  of  the 
papnlK  contain  touch  corpuscles.  Numrrmu  tt'>n-<itripcd  tDU:«cular  t))>res  surround  the  milk  ducts  in 
the  deep  layers  of  the  skin  and  in  the  sulKuiantou^  li&Kuc,  which  contain^  no  fut.  Tbesic  muM.'ular 
fibres  can  lie  traced,  following  a  longitudinal  course,  (o  the  tcrminoiim  of  the  duds  on  the  surface. 
Thie  small  j^'/ttH^r  of  Mcntt^emery^  which  occur  on  the  nrenla  during  lactaiioo,  are  just  small  milk 
glands,  each  with  a  s[>ecUl  duct  opening  on  the  surface  of  the  elevation. 

Arteries  proceed  frotn  several  sources  to  supply  ibe  nuunma,  but  their  t>ranch«  do  iMt  accompany 
the  milk  duct>:  each  gland  acinu<i  u  Kurrounde)]  hy  n  network  of  f-d/iT/^riVi,  which  commutiicate 
witli  those  of  adjoining  acini  by  Muolt  oricries  and  vciiLS.  The  veins  of  the  areola  are  arranged  in  a 
circle  (drculus  Hollcii).  llic  nervea  ore  derived  from  the  supraclavicular,  and  the  Il-IV-VI  intcr- 
•  cnstals:  they  proceed  to  the  skin  over  the  gland,  to  the  very  sensitive  nipple,  to  the  blood  vessels  and 
naD-sriped  muMile  of  the  nipple,  and  to  the  gland  acini,  whsre  their  mode  of  tenninalioci  m  !>(ill 
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onkrtown.     L-ymphalics  sumiund  the  alvec^,  and  they  are  often  fiill.     The  milk  sppean  lo  b: 
{irepired  from  the  Ivtnph  containctl  in  the  lymphatics  Hurrounding  the  acini. 

The  comparsiive  anatomy  of  the  mamma. — The  rodents,  inscctivora.  and  camivora  have  id  to 
1 9  teal*,  while  vmic  of  them  have  only  4.  The  pachydermata  and  ruminantia  have  3  t<i  4  abdominal 
teats,  the  whale  ha.s  3  near  the  vulva.  The  apes,  hats,  vegetable  feeding  whales,  elephants,  and 
aiolhs  have  2.  like  mxn.  In  the  marsupials  the  lubes  are  arranged  in  gruufn.  which  open  on  a  [Mitch 
of  skin  devoid  of  hair  without  any  nipple.  The  young  animals  rcraiin  within  the  mother's  pouch, 
mud  the  milk  i*  exftclled  into  their  moulh.'s  l>y  the  action  of  a  mu«;le — the  comnrcssor  mammic. 

ThedcvelopmeDt  <tf  the  human  mamma  begins  in  Ixrth  sexes  daring  the  third  month ;  at  the 
<(Hirih  and  fifth  itwnths  a  few  simple  tulrular  gland  ducts  are  arranged  radially  around  the  position  of 
che  future  nipple,  w'ich  is  dirvoid  of  hair.  In  the  new-born  child  the  duels  are  branched  twice  or 
fthnce,  and  are  pmvided  wih  dilated  exlremiticrs,  the  future  acini.  Up  to  the  twelfth  year,  in  both 
A.cxes,  the  dads  cnntinue  to  divide  dendriUcally,  but  without  any  proper  acini  Iteing  fornu^.  In  lite 
^i'l  at  puberty,  the  docn  branch  rapidly;  Init  the  acini  ore  formed  only  itt  rhf  pfrif-hery  o\  the 
^lantl;  durin-^  pregnancy,  acini  are  alM>  ii^rmed  in  tlie  centre  of  the  gland,  while  the  cuniiective 
0  ««Mte  u  the  sarne  lime  becomes  somewhat  more  opened  out.  At  the  climacteric  period,  or  meno- 
aa*>e.a||  the  acini  and  numerous  line  milk  ducts  degenerate.  In  the  adult  mti/^ihc  gland  remains 
the  non  developed  infinniile  condition.  .Accessory  or  su|)ernumefary  glands  upon  the  breast  and 
lea  are  not  onconimon  ;  sometimes  the  mamma  occurs  in  the  axilla,  on  the  Itack,  over  the 
Kn  process  or  on  the  leg.  A  slight  sccrrtion  of  milk  in  a  newly-born  infant  is  normal, 
tring  the  evacuation  of  the  milk  (500-1500  cubic  centimetres  daily^,  there  i<  not  only  the 
•».nic»]  aciion  "f  suckins',  but  also  the  activity  of  the  ginnd  il.*elf  (5  152).  Tliis  consists  rn  the 
■of  the  nip|ilf,  whereby  its  fwin-*lri[>*d  musculor  filies  cimprr**  llie  sinuse*  on  the  milk  duct«, 
T  them,  so  that  the  milk  may  flow  out  in  streams.     The  gland  acini  arc  also  e&cited  to 
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»ccretioo  reflexlf  by  the  stimulation  of  the  sensory  nerves  or  the  nipple.  The  vessrU  of  the  g\an6 
Arc  dibtrtl.  and  there  is  a  copious  trnnsudntioii  into  the  gland — the  transuded  fluid  being  nuinuCoc- 
tured  into  milk  under  the  inflHcncc  of  the  secrttofj  protoplosm.  The  amount  of  serrttion  depends 
upOD  the  blood  pressure  {A'oArig).  During  socking,  not  only  is  the  milk  in  the  gland  extracted,  but 
new  milk  is  formed,  owmg  to  the  accelerated  secretion.  Emotional  di-lurhances — anjrcr,  fear.  etc. — 
»rre?t  the  secretion.  Laffont  found  that  stimulation  of  the  mnmniary  nerve  (hitch)  caused  erection 
of  the  teat,  dilatation  of  tlit  vessels,  and  secretion  nfmilk.  AftiT  section  of  the  cerebru-spinal  nerves 
going  to  the  mamma,  Kckhard  ohserved  thai  erection  of  the  tent  ceased,  although  ihc  secretion  of 
milk  in  a  goat  was  not  intcrru]4ed.  The  rarely  olucrvcd  galactorrhoea  \s  iicrhaps  to  be  re^^ardcd 
as  n  para^Ttic  »ecrctioti  analogous  to  the  paralytic  secretion  of  saliva,  Heidenhain  and  PhiL'-ch  found 
that  the  secretion  (bitch)  wjs  increised  hy  tnjecttiig  slr)'chnine  or  curara  oftei  section  of  the  naves 
of  the  gland.  The  "milk  fever,"  which  accomp-inies  the  t'irst  secretion  of  milk,  prrjlialily  depends 
on  sUmulntiDn  of  the  vasomotor  nerves,  but  this  condition  must  he  studied  in  relation  with  the  otlter 
changes  which  occur  wiih.n  the  peluc  cavity  aflo-  birth.  [Some  substances,  such  oi  atiopui,  arrest 
the  secretion  of  milk,] 

331.  MILK  AND  ITS  PREPARATIONS.— Milk  represents  a  com- 
plete or  typical  food  in  which  arc  present  all  the  constituents  necessary  for 
maiuiaining  the  lile  and  growth  of  the  body  of  an  infant  (§  236).  [If  an  adult 
were  to  live  on  milk  alone,  10  get  the  23  oz.  of  dry  solids  necessary,  he  wotild  hive 
10  lake  9  pints  of  milk  daily,  which  would  give  far  too  much  water,  fat,  and  pro- 
teids.]  To  every  10  parts  of  proteids  there  are  10  parts  fat  and  20  parts  sugar. 
Relatively  more  of  the  fat  than  the  albumin  of  the  milk  is  absorbed  {Huhfi^r)  ; 
while  a  part  of  both  is  excreted  in  the  fxces. 

Characters. — Milk  is  an  opaque,  bluish-white  fluid  with  a  sweetish  taste  tnd  a 
characteristic  odor,  probably  due  to  the  peculiar  volatile  substances  derived  from 

the  cutaneous  secretions  of  the  glands  and 
it  has  a  specific  gravity  of  1026  to  103,5. 
When  it  stands  for  a  time,  numerous  milk 
globules,  butter  globules,  or  cream,  collect 
on  its  surface,  under  which  there  is  a  bluish 
watery  fluid.  Human  milk  is  always  aiku' 
line,  cow's  milk  may  be  alkaline,  acid,  or 
amphoteric;  while  the  milk  of  carnivora  is 
always  acid. 

Milk  Globules. — Whenmttk  is  examined 
miirosKopkally,  it  is  wen  to  contain  numerous 
small,  highly  refraciivc oil  globules,  floating 
in  a  clear  fluid — the  milk  plasma'  Ftgs.  234, 
rt,  /',  235);  while  colostrum  corpuscles  and 
epithelium  from  the  milk  ducts  are  not  so 
numerous.  The  white  color  and  opacity  of 
ihe  milk  are  due  to  the  presence  of  the  milk 
globules,  which  reflect  the  light ;  the  globules 
consist  of  a  fat,  or  butter,  and  are  i*aid  by 
some  to  be  surrounded  with  a  very  thin  envelope  of  casein  or  haptogen  membrane. 

If  acetic  acid  be  added  to  a  microscopic  preparation  of  milk,  the  fatty  grinules  run  together  lo 
form  irrtgular  ma»rii.  If  cow's  milk  tie  sliaken  witli  c:iustic  {x)la>b,  the  casein  envelopeti  arc  di»- 
solvcJ,  and  if  ether  be  added,  the  mil'<  hecomes  clear  and  tmns)>arent,  as  the  ether  dissolves  oat  all 
the  fjttv  particles  m  ihc  K>lulion.  Ether  cannot  extract  the  fat  from  cow'»  milk  until  acetic  acid  or 
caustic  pntosh  is  a  Ided  to  hherate  the  fats  from  their  cnvclojicii;  hut  shaking  with  ether  is  sufTicient 
10  extract  the  &ts  from  human  milk.  Some  observers  deny  thit  an  envelc^  of  casein  exisL*.  and 
according  to  them  milk  ii  a  Mmplc  emulsion,  kept  cmuUiunizcd  owing  to  the  colloid  swoUen-up  cojcin 
in  the  milk  plasma.  The  treatment  of  milk  with  p9ta»h  and  ether  makes  the  casein  unible  any 
longer  to  preserve  the  emul.->iun  i^Soxhhi). 

The  fats  of  the  milk  globules  are  the  triglycerides  of  stearic,  palmitic,  oleic 
(very  little),  myrisiic.  arachinic  (butinic),  capric,  caprylic,  caproic,  and  butyric 
acids,  with  traces  of  acetic  and  formic  acids  and  cholesierin. 
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Batter. — When  milk  i»  bealcn  or  stured  for  k  long  time  (tV.,  chumcd'l,  the  fitt  of  ihc  milk 
elo  ulct  it  ultimately  oi»uin«il  iu  the  Ebnn  of  huff^r,  owing  to  the  rupture  of  the  envelnpes  of  casein. 
BuU<-r  Ls  soluble  In  alcohol  and  ether,  and  it  is  clarilieil  by  be.it  {60°  C),  or  by  washing  in  water  at 
40^  C.  When  allowed  to  stand  expoMd  10  the  air,  it  lint  becomes  sour,  owing  (o  the  fornattoti  of 
lactic  acid,  and  afterward  rancid,  owin^  lu  the  glycerine  of  the  neutral  fats  being  decompoicd  by 
fungi  totu  acfoleiii,  and  formic  odd,  while  the  volatile  fdtty  acids  give  it  its  rancid  odor. 

The  milk  plasma,  obtained  by  filtration  through  a  clay  filter  or  membranes, 
is  a  clear.  s)i{i;htly  opalescent  fluid,  and  contains  casein  f§  249,  III,  j),  some 
serum  albumin  (§  32),  peptone  (0.13  per  cent.),  nucJein,  and  a  trace  of 
diastalic  ferment  (in  human  milk). 

The  presence  of  uhci  peculiar  chemical  bodies,  e.^.,  Uctoprotein,  globulin,  alburoosc,  galactin, 
etc.,  is  diftputcd  by  some  ch;mtsts. 

When  milk  is  boiled  the  albumin  coagulates,  while  the  surface  also  Iwcomes 
covered  with  a  thin  scum  or  layer  of  casein,  which  has  become  insoluble  [the  rest 
of  (he  milk  remaining  fluid] 

Casein. — When  milk  is  filtered  ihrooyh  fresh  animal  membranes  or  through  a  clay  filler,  the 
(•<!/««  does  rwi  [»»  through.  Precipitation. — ll  is  precinilated  by  adding  crystals  of  MgS(.),  to 
saturation.  [If  lo  milk  twice  its  volume  of  a  saturated  soUiiion  of  NaCl  and  crystals  of  NaCI  be 
>/McU,  and  the  whole  shaken  thoroughly,  casein  is  prccipituteil,  and  cnrriesdown  with  it  fat,  so  that 
the  clear  fitcrate  coniain^  the  lactose,  salts,  and  coagulable  proicids.] 

The  plasma  contains  milk  sugar  (§  252) ;  a  carbohydrate  resembling'dexlrin, 
(?  lactic  acidj,  lecithin,  urea,  extractives,  kreatin,  sarkin  (potassic  sulphocyanide 
in  cow's  milk),  sodic  and  potassic  chlorides,  alkaline  phosphates,  calcium  and 
magnesium  sulphates,  alkaline  carbonates,  traces  of  iron,  fluorine,  and  silica,  CO,, 
N, and  O. 

The  coagulation  of  milk  iUptH4t  upan  the  foa^Iation  of  in  c/aein.  In  milk,  casein  is  com- 
bined with  calcium  jihr^sphaic.  which  keeps  it  in  solution ;  acds  which  act  on  the  calcium  phosphate 
cause  coagulation  of  the  cjscm  (acetic  and  tartaric  acids  in  excess  rcdLviolve  it).  All  acids  do  not 
coagulAte  human  milk,  ]|  is  coagulated  by  two  or  more  drops  of  hydrochloric  acid  (o.i  per  cent.) 
or  acetic  acid  (0.2  per  cent.).  The  tponianttms  cuigulaiion  of  milk  aArr  it  has  stood  fur  a  lime, 
es|)ccially  in  a  warm  place,  ii  due  to  the  production  of  lactic  acii,  which  is  formed  from  the  milk 
suifar  in  the  milk  l>y  the  action  of  bacillus  acidi  lactici  [which  is  introduced  from  without]  (}  1S4, 
If.  It  changes  the  neutral  alkxline  phoiiphale  into  the  acid  phosphate,  takes  the  casein  from  the 
calcium  phcmphatc.  and  precipitoi^>  the  ca^in.     The  sugar  is  decompostd  into  lactic  acid  and  CO,. 

Rennet  {\  250,  9, ./,  \  106,  11 1  cuj^ulalc<^  milk  with  an  aliaiine  reaction  (sweet  whey),  'litis 
ferment  .///t>wi/<;//j  M^  <<7j^i«  into  the  precipitated  cheese  and  also  tnt->  the  slightly  soluble  whey 
albumin.  Bo  that  the  coogulnlion  by  rennet  is  a  process  quite  distinct  from  llie  coagulation  of  milk 
by  ihe  gastric  and  pancreatic  juices,  [and  also  from  the  preci|>ttJtion  produced  by  acid*.  The 
presence   of  calcium   phosphate   seems   to  be  necessary  for  the   complete  acUon  of  the   rennet 

[Experiments.—Wtrm  a  little  milk  to  40**  C.and  add  a  few  drops  of  commerciil  rennet,  scttii^ 
aside  the  mixture  in  a  warm  plice;  a  solid  coigulum  is  then  formed,  and  by  and  by  the  whey 
separates  from  it.  If  the  milk  l>e  previously  diluted  with  water,  no  coagulum  ii  formed;  ami  if  the 
rennet  be  lioiled  liefi^re,  it,  like  othrr  f.-rments.is  destroyed.  A  solution  of  rennet  may  be  prepared 
\n  enlraciin^  the  fourth  stomach  of  Ihe  calf  with  glycerine.  [When  the  milk  is  cna^laied  we 
obtain  the  curd,  consiMing  of  casein  with  s^me  milk  globules  entangled  in  it ;  the  whey  contains 
some  soluble  albumin  and  fat,  and  the  great  proportion  of  the  lalts  and  milk  sugar,  together  with 
lactic  acid. J 

[A  milk. coagulating  ferment  is  found  in  certain  pUnt«  (artichoke*.  fig<,  Carica  tia{Miya).  and 
cau4e«^  milk  to  coagjiate  in  neutni  or  all<aline  sotuiiuns.  It  is  alw>  Ibond  in  the  small  inivMine  of 
the  calf,  while  a  $  (>er  cent.  NaCl  ioIuUjd  of  the  seeds  of  H'Uhania  ioa^vlnHt  coagulates  milk 
in  an  alkaline  medium.] 

Boiling  (by  killin);  all  the  tower  organisms),  sodium  bicarbonate  (tb'w)*  ammonia,  salicylic  sad 
(jg*fl{)),  glycerine,  and  ethereal  nil  of  mustinl  prevent  Ihe  sponlanefius  coai-ulation.  Frcfh  milk 
inake^  tinoure  of  ^uaiocum  blue,  but  Iniled  milk  does  not  do  so.  When  milk  i«  exposed  tn  the  air 
ibr  a  long  limc,  it  gives  off  C( ),  and  abs  »rbs  ( > ;  the  faia  are  increased  (?  owing  to  ilie  development 
of  ^ngi  in  the  milk),  and  sn  are  the  alcoholic  and  ethereal  extracts,  from  the  decosnposiiiun  of  the 
casein,  According  to  Schmidt- MQlheim,  some  of  the  cucin  becomes  converted  into  peptone,  but 
Ihis  occMii  only  in  unboiled  milk. 
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Composition. — loo  ports  of  milk  conlain — 

HumiB.  Cow.  GcMl.  An. 

Waicr 87.24  to  90.58  86.a3  86Jt5  89.01 

Solids 9.42"  12.39  13.77  13.51  10.99 

C^ein 2.91  •'     3-92  1  ,-0  to  2  16/   3-^^  '  5J  \  ,„ 

Albumin, 1 1^102.30^   Qj^  j^^  j.  3.57 

Butter 2.67  '•     4.30  4.50  4-34  «-8S 

Milk  sugar 3.15"    6.09  4.93  378  \ 

Salt*. 0.14"    0.28  0.61  0.65  /  ^^^ 

I-fuman  mitk  contains  less  albumin,  which  is  more  soluble  than  the  albumin  in  the  milk  of  animal*. 

ColoBtnini  crinlain.s  much  .scnim-Bllntmin,  and  very  little  csAcin,  while  all  ihc  uthcr  suLataiice«b, 
and  especially  the  fat!^,  are  iiu^rc  abundant. 

Gases. — Pflilgcr  and  Setsclicnaw  (buntl  in  lOO  voU.  of  mtlk  5.01  to  7.60  CO,  ;  0.09  to  0.32  O; 
070  tu  1.41  N,  according  to  volume.     Only  part  of  the  CO,  is  expelled  by  phosphoric  acui. 

Salts. — T\\t potash  jat/s  (as  in  bluod  and  muscle]  are  more  abundant  than  tlie  soda  compounds. 
while  there  is  a  considerable  amount  of  calcium  phosphate,  which  is  necessary  for/>riwi»^  the  honts 
of  the  infant.  Wildcnstein  found  in  100  paru  of  the  ash  of  human  milk — so^lium  chloride,  10  73 ; 
jwrassium  chloride,  2633;  potash,  21 ,44 ;  lime,  18.78;  magnesia,©  87  ;  phospltoricacid,  19;  ferric 
phosphite.  0.31 ;  sulphuric  acid.  2.64  ;  silica,  traces.  The  atnounlof  salts  present  is  affcded  by  the 
salts  of  the  food. 

Conditions  Influencing  the  Composition. — The  oftener  the  hrea-Ms  are  emptied,  the  richer  the 
milk  l>ecomes  in  casein.  I'he  last  milk  uUaincd  at  any  time  is  always  richer  in  butter,  as  it  comes 
from  the  mn>>t  distant  part  of  the  gland — viz.,  the  ncini.  Some  Bul)5tancca  arc  diminished  and  others 
increased  in  amount,  according  to  the  time  after  deliztry.  The  following  are  increased :  Until  the 
second  manlh  after  delivery,  casein  and  fat ;  until  the  5th  month,  the  sUts  (which  diminish  iirogrcs- 
lively  from  this  time  onward) ;  from  the  Sth  to  the  loth  month,  the  sugar.  The  following  are 
diminiihid  :  From  loth  to  24th  moolh,  casein  ;  Oom  5th  to  6lh  and  loih  to  1 1th  month,  fat ;  during 
1st  month,  the  su^r ;  from  tlie  5th  month,  the  salts. 

The  greater  tke  amount  of  miik  that  is  secreted  (womm),  the  m'lre  casein  and  sugir,  and  the  less 
butter  it  contains.  The  milk  of  a  primiparais  less  watery.  Rich  feeding,  eipecLnlly  proteids  (small 
amount  of  vegetable  food),  increases  the  amount  of  milk  and  the  ciLScin,  sugar  and  fat  in  it ;  a  larige 
amnuni  of  carbohydrates  (not  faU)  increa.-ies  the  amount  of  sugar. 

[Modifying  Conditions. — ']*haT  cow's  milk  is  in6uenced  by  the  pasture  and  food  Is  well 
known.  'I'urnip  as  fuud  gives  a  peculiar  odor,  taste,  and  Havor  to  the  milk,  and  so  do  the  fragrant 
gras<(es.  ThementalstBieof  the  nurse  influences  the  quantity  and  quilityof  thcmilk.  Jaboraf)diistbe 
nearest  approach  10  agaJactag<^ue,  but  its  action  is  temporary.  .Xtroiiin  isatrue  anti-galaciag(^e. 
'II1C  coni|K]sili(>n  uf  the  milk  may  be  affected  by  UMing  fatly  food,  l>y  the  use  of  salts,  and  above  all 
by  the  diet  (/>t»A7M).j 

[.Milk  may  be  a  vehicle  for  communicating  disease — by  direct  contamination,  from  the  water 
used  for  adulterating  it  or  cleansing  the  vessels  in  which  it  is  kept ;  by  the  milk  absorbing  deleterious 
gases;  by  the  secretion  being  altered  in  diseased  animals.]  Milk  ought  nut  to  be  kept  in  sine 
vessel-,  owing  to  the  fnrmn,tioii  of  7inc  lactate. 

Substitutes. — If  other  than  human  milk  has  to  be  used,  ass's  milk  most  closely  resemblei  humio 
milk.  Cow's  milk  is  best  when  it  tnnuini  plenty  of  fatty  matters — it  must  be  dduted  with  its  own 
volume  of  water  at  first,  and  a  little  milk  sugar  added.  The  casein  of  cow's  milk  dinVrs  qualitatively 
from  that  of  human  milk;  its  coagulated  Hocculi  or  curd  arc  much  coarser  than  (he  fine  curd  of 
human  milk,  and  they  are  only  j|^  dissolved  by  the  digestive  juices,  while  human  onitk  is  completely 
dissolved.     CowS  milk  when  bailed  is  less  digestible  than  unlioiled. 

Teats  for  Milk. — I'hc  amount  of  cream  '\s  estimated  by  placing  the  milk  for  Iweniy-four  hours 
in  a  tall  cylindric;)l  glass  graduated  into  a  hundred  parts,  or  creantometer :  the  cream  collectt  on 
the  surface,  and  ought  lo  form  from  10  to  24  vols.  |)er  cent.  [The  cream  is  generally  almit  ySp.! 
The  specific  graviiy  (fresh  cow's  milk,  102910  1034;  when  creamed,  1033  to  1040)  is  estimated  witn 
Ihe  lactometer  at  15°  C.  The  sugar  is  estimated  by  titration  with  Febling's  solution  \\  150,  II), 
Iwt  in  this  c.ise  1  cubic  centimetre  of  the  s<3lution  corresjxinds  lo  0,0067  K"^'  <^f  milk  sugar;  or  its 
amount  may  l>e  estimated  with  the  polariuopic  apparatHs  {\  150).  The  proteids  arc  prcci|>itaied 
and  the  faK  extracted  with  ether.  The  fats  in  fn-sli  roilk  form  almut  3  per  cent,,  and  in  skimmed 
milk  \%  per  cent.  The  amount  of  water  in  relation  to  the  mitk  globules  i»  c*limaied  by  the  lacto- 
scope  or  the  diaphanomcter  of  \Mmwi.  (modificti  In-  Vogcl  and  Hoppc-Scylcrt,  which  conwsts  of 
a  gla.w  vessel  with  plane  parallel  sides  placed  I  centimetre  apart.  A  measured  quantity  of  milk  is 
taken,  and  Neater  is  added  to  it  from  a  buicttc  until  the  outline  of  a  candle  flame  placed  at  a  distance 
of  I  metre  can  l>e  distinctly  seen  ihruugh  the  dilulrd  milk.  Ilii^  i&  done  in  a  dark  room  For  I 
cubic  ccntimvlrr  of  g-'od  cow'i  milk,  70  lo  H5  centimetres  water  nre  rcr|uired.  [Other  forms  uf  bcJo- 
acope  arc  used,  all  depending  on  the  sime  principlL-  i^f  an  opitcil  tc>t,  vii.,  that  the-  ojiacity  of  milk 
varies  whh  and  is  proponionil  to  the  amount  of  )>uttcr-fais  present,  i.e.^  the  oil  globules.  Itond  u<e« 
a  shallow  cyllndilcal  ve<sel  with  the  bottom  covered  by  black  lines  on  a  white  Mirfacc     A  mea&ared 
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noamitjr  of  wmlcr  u  placed  in  ihis  vessel,  snd  milk  is  added,  drop  by  diop,  until  ihe  parallel  lioea  on 
the  paUern  at  tbe  liottom  of  ihc  dhh  ceite  lo  be  risible.  On  counting  (he  number  of  drops,  a  tabic 
accompanying  the  appliftncc  civc^  the  percentage  of  fals.  This  method  gives  approximate  results. 
In  nil  cafcH  it  i^  well  lo  u»  frr^h  mitk.l 

Various  subatances  pass  into  the  milk  wArtt  they  are  adminittered  to  Iht  mother — many 
otlorifrmus  veiirtable  l>odie-s.^.^'.,nnisc,  vcnnuih,  garlic,  elc;  chloral,  rhubarb,  opium,  indigu,  ialtcylic 
acid,  iodine,  iron,  zinc,  mercury,  lead,  bismu'h.  aniimony.  In  oftieomaUcia  the  amount  of  lime  in  llie 
milk  is  tncrca»«l  {^Guttervxtt)  IVilavsium  itKlide  dimintftbex  the  secretion  of  nulk  by  affecting  the 
secTdory  function.  Atnonf;  abnormal  constituents  are — hxmoglobin,  bile  pigments,  mucin,  lilnod 
Corpuscles,  pus,  fibrin.  Nunicr.-u^  fungi  and  other  tow  organisms  develop  in  ex'acudied  milk,  and  the 
r.ire  blue  milk  is  due  to  the  (if\-clopment  of  bacillus  cyanoj^endum.  The  milk  serum  >»  blue,  ntit  ibc 
fun(;u!t.  Itlue  milk  \s  unhrnllhy,  and  causes  diarrhcea.  There  are  fun^  which  make  mdk  bluish- 
hiatk  or  f^em.  Hed  and  yrlitm'  milk  are  produced  by  a  similar  action  of  chromogcnic  fungi  (2  184). 
The  fonn^r  is  produced  by  Micrococcus  jiridiposus.  which  is  colorless-  The  color  we m«.  to  be  due 
to  fuchsin.  The  yellow  ciilor  is  {iruducttl  by  bacillus  synxanlbus.  Some  uf  the  pigments  seem  to 
be  related  to  ibc  aniline  ami  cilhrn  to  thr  phenol  coloring  matters  (//ti/yV). 

The  rcnnet-Hke  action  of  bacteria  is  a  widely  diffu«d  property  of  theM?  organisms;  they  coagu* 
late  and  peptonize  casein  and  may  nlliiiialcly  pntduce  furtbt-r  decotnprisitions.  Tlie  biityiic  acid 
bacil'iis  ({  184)  Brst  coagulates  casern,  then  peptonizes  it,  and  tinnlly  splits  it  up,  with  the  evoluttoa 
of  ammonia  {fiiippe) 

Milk  hecoines  Urinjjy  owing  to  the  action  of  cocci  which  form  a  sirinpr  substance  [_  de^/ran, 
C„H„0^g  {Sfheihler)"],  jost  as  Ikw  or  wine  underi>oe»  a  nmilar  or  ropy  change.  ['ITic  milk  of  dis- 
eased animals  may  contain  or  transmit  directly  infectious  matter.] 

Preparations  of  Milk.— (1)  Condensed  milk — 80  grms.  cane  sugar  are  added  to  1  litre  of  milk; 
the  whole  14  evaporated  lo  \ ;  and  while  hot  sealed  up  in  tin  cans,  ror  children  one  teupoonfol  b 
disMiUed  tn  a  pint  of  cold  water,  and  then  boiled. 

(3)  Koumiss  i\  prrpnred  l>y  (be  Tartars  from  mare's  milk.  After  the  addition  of  koumiss  and 
soar  milk,  the  whole  v.  violently  Mirred,  and  it  under^joes  the  alcoholic  fermemaiion,  whereby  the 
milk  sugar  i^  tir<it  changed  into  galactose,  and  then  into  alcohol;  so  that  koumiss  contains  2  to  3  per 
cent,  of  alcohol ;  while  Ihe  ca.tdn  la  at  tinil  [nTcij>ilated,  but  is  afteruards  partly  rc'disAolvcd  and 
changed  into  acid  albumin  and  peptone.  Tartar  koumiss  seems  to  l>e  produced  by  the  acnon  of  a 
special  tiacicrium  (hia^pora  ciuca<>ia). 

(3)  Cheese  is  prepared  by  coagulating  milk  whh  rennet,  allowing  the  whey  to  separate,  and 
adding  a^lt  to  the  curd.  When  kept  £or  a  long  lime  cheese  "  ripens,"  the  casein  again  becomes 
soluble  in  water,  probably  from  the  formation  of  soda  altmminatc ;  in  many  cases  it  becomes  semi- 
Auid,  when  it  takes  the  characters  of  pc^oncs.  When  further  decomposition  occurs,  leucin  and 
tyroatn  are  forme<l.  The  fats  incrci«c  ol  the  ci«)>en.se  nf  the  ca.viii.  and  ibcy  again  undergo  further 
change,  the  volatile  fatty  acids  giving  the  characteristic  odor.  The  formation  of  pejjione,  leuclnt 
lymtin,  and  the  dccompo^iliun  of  fat  recall  the  dt;:c»tiTC  processes.  [CtiecM;  i^  coagulated  casein 
entangling  more  or  lets  iai,  so  that  the  richness  of  the  cheefte  will  depend  upon  the  kind  of  milk  from 
which  it  is  made.  There  are,  in  this  sense,  three  kinds  of  cheese,  whole  tNili,  tkimmtd  mi/Jt,  and 
fream  cheew.  the  last  being  represented  by  Stilton,  Roqaefixl,  Cheshire,  etc.  The  composition  ii 
shown  in  Ihe  fulluwtng  table,  after  Bauer  : — 


Water. 

NltnceiKMU 
Matter. 

Pat. 

ExtrscUvca. 

Ash. 

Cream  cheese,     ,   . 
VVluilc  milk,    .    .    . 
Skim  mdk,  -    .    •   . 

35.75 
46.8a 
4S.O3 

7.16 

27.6a 

3a.6s 

30.43 
20.54 

Mi 

*S3 
2.97 
6.80 

4.t3 

305 
4.12 

Cream  cheese,  especially  if  It  be  made  from  goal's  milk ,  acquires  a  very  high  odor  and  strong  flavor 
when  it  is  kc|X  and  *■  ripens  "  ;  the  casein  is  partly  decomposed  to  yield  ammonia  and  ammonium 
sulphide,  while  the  fats  yield  butyric,  caproic,  and  other  acids  ] 

232,  EGGS  must  he  regarded  as  a  complete  food,  as  the  organism  of  the  young 
chick  is  developed  from  them.  The  yolk  contains  a  characteristic  proteid  body — 
vittUin  (§  249),  and  an  albuminaU  in  the  envelopes  of  thf  yellow  yolk  spheres — 
nttcUiny  from  ihe  white  yolk  ;  fats  in  the  yellow  yolk  (palmitin.  olein),  choleslerin, 
much  lecithin ;  and  as  its  decomposition  product,  glycerin-phosphoric  acid — grape 
sugar,  pigments  (lutein),  and  a  body  containing  iron  and  related  to  haemogtubin  ; 
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last]}',  salts  qualitatively  the  same  as  in  blood — quantitatively  as  in  the  bho^  €or- 
puicies — and  gases.  The  rhiel"  constituent  of  the  white  of  egg  is  e^^  albumin 
(§  249).  together  with  a  small  amount  of  palmitin  and  olein  partly  saponi5ed  with 
soda;  grape  sugar,  extractives  ;  lastly  salts,  quahtatively  resembling  those  of  blood, 
but  quantitatively  like  those  of  serum^  and  a  trace  of  fluorine.  Relatively  more 
of  the  nitrogenous  constituents  than  of  the  fatty  constituents  of  eggs  are  absorbed 
{Rubnn^. 

[The  shell  is  compose^d  chiefly  of  mineral  matter  (91  per  cent,  of  calcic  cartxmafe,  6  per  cent, 
of  calcic  |ihospliaie,  and  3  per  cent,  of  organic  muter.)  A  hen's  egg  weighs  aboui  1^  ot.,  of 
which  the  shell  fjrm^about  ^p.     Note  the  amount  of  fats  in  the  yolk.] 

Composition : — 

WMtcoTEM-  Volk.  WhiuofEw.  Yolk. 

Water, 84.8        51.5  Mineral  mailer, 1.3         1.4 

Protetdft, I2.0         150        I        Pigment  extractives, 2.I 

Fats,  ere, ,    a.o        30.0       I 

233.   FLESH  AND  ITS   PREPARATIONS.— Flesh,  in  the  form  in 

whicli  it  is  eaten,  contains  in  addition  to  the  muscle  substance  proper,  more  or  less 
of  the  elements  of  fat,  connective  and  elastic  tissue  mixed  with  it  (§  293).  The 
following  results  refer  to  flesh  freed  as  much  as  possible  from  those  constituents. 
The  cliief  proteid  constituent  of  the  contractile  muscular  substance  is  myosin  ; 
serum  albumin  occurs  iu  the  fluid  of  the  fihres,  in  the  lymph  and  blood  of  muscle. 
The_/(j/f  are  for  the  most  part  derived  from  the  interfascicular  fat  cells,  while  lecithin 
and  ('A(?/fr/*rr/rt  come  from  the  nerves  of  the  muicles  ;  the  ^^r/aZ/rt  is  derived  from 
the  connective  tissue  of  the  perimysium,  j)crineurium,  and  the  walls  of  blood 
vessels  and  tendons.  The  red  color  of  the  flesh  is  due  to  the  haemoglobin  present 
in  the  sarcous  substance,  but  in  some  muscles,  e. g.^  the  heart,  there  is  a  special 
pigment,  myoh^ematin  {AfaeAfunn).  Elastin  occurs  in  the  sarcolemma,  neuri- 
lemma, and  in  the  elastic  fibres  of  the  perimysium  and  walls  of  the  vessels;  the 
smalt  amount  of  keratin  is  derived  from  the  endothelium  of  the  vessels.  The 
chief  muscular  substance,  the  result  of  the  retroijressive  metabolism  of  the  sarcous 
substance,  '\s  krcatin  ( — 0.05  per  cent.);  kreaiinin,  the  inconstant /wJ'/fl/V  af-zV/, 
then  lactic,  or  rather  sarcolactic  acid  {%  293).  Further,  taurin,  sarkin,  xanthin^ 
urie  acid,  carnin,  inosit  (most  abundant  in  the  muscles  of  drunkards),  urea  (0.1 
per  cent.)  dextrin  (in  horse  or  rabbit,  not  constant);  grape  sugar,  but  this  is 
very  probably  derived  post-mortem  from  glycogen  (0.43  per  cent.),  which  occurs 
in  considerable  amount  in  fictal  muscles;  lastly /«//»■  wf/V/f.  Among  the  salts. 
potash  and  phosphoric  acid  compounds  are  most  abundant ;  magnesium  phosphate 
exceeds  calcium  phosphate  in  amount.  [The  composition  varies  somewhat  even 
in  different  muscles  of  the  same  animal.] 


In  loo  parts  Flesh  ihere  are.  according  to  Schloasberger  and  v.  Bihra — 


Water 

Solids, 

Soluble  alhum-n,  .    . 

Ccitoring  matter,  .    . 

Glulin 

Alcoholic  extract,     . 

Fftt^ 

Insoluble  albumin, 
Blood  Tcsselb,  etc.. 


Ox. 


7750 

32.50 

Ix.zo 


17.50 


CaR 

78.20 

21.80 


1 6.2 


Deer. 


7463 
a5-37 

1.94 


16.81 


Pir 


7«30 
a  1. 70 


16.S1 


Man. 


7445 
2555 

1.93 


"5.54 


Fowl. 


16.5 


Carp. 


11.31 


Frog. 


»M3 

1957 
1.86 


it.67 
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PoUsb.    .... 

Soda 

Magnesia,     .    .   . 

Chalk. 

PniMium,    .    .   . 
Sodnim,    .... 

ChlcMine 

Iron  oxide.   .    .    . 
Phosphoric  Acid. 
Solpburic  •* 

Silicic  " 

Carbcmic 
Ammois,     ,   .   . 


HorM. 


39-4A 

4-86 

i.So 


M7 


0«. 


35  94 


CdC 


10.  S9 

0.27 

48x3 

o.Si 


Pig. 


0.40 

0.63 


The  amount  of  fat  in  6esh  varies  very  much  according  to  the  condition  of  the  Rnimal.  After 
rtmovsl  ur  the  visible  TaI,  human  Hc&h  cunlainb  7.15 ;  ox,  11.13;  calf,  104;  sbecp,  3.9  ;  wild 
goci»e,  8.8;  fowf, 2.5  percent. 

The  amouot  of  eKtractives  is  most  abundant  in  those  animals  which  exhibit  enefReiic  muscular 
action  ;  hence  it  is  largest  in  wild  animals.  The  extract  is  increased  after  vigorous  muscular  action, 
whereby  sarcoluct ic  acid  is  developed,  and  (he  flesh  tecomcs  mi>rc  temler  and  is  more  palatable. 
Sume  of  the  extractives  eicite  the  nervous  system, /,  v-i  k'*^t''i  <>■")  Ureatinin  ;  and  others  give  to 
flesh  its  characterisi  ic  at;reesb]e  flavor  ["  osmasome,']  hut  this  is  also  panlf  due  to  the  different  fsts 
of  the  flesh,  and  is  best  develtii>ed  when  the  flesh  is  cooked.  The  extraaives  in  100  pons  of  flesh 
are,  in  man  and  pii;eon,  3;  deer  and  duck,  4  ;  swallow,  7  per  cent. 

Cooking  of  Fleab, — Asa  general  lule,  the  flesh  of  yc>MM^  animals,  owing  to  the  sarcolemma, 
connective  tiwue,  and  cl:i»tic  constituents  Itcing  less  laugh,  is  more  tender  and  more  easily  digested 
than  the  flesh  of  old  animals :  after  flesh  has  been  kept  for  a  time  it  is  mure  friiible  and  lender, 
as  iheinosit  becomes  chan(;ed  into  sarcoUctic  acid  and  the  glycogen  ia:o  augar.  and  this  again  into 
lactic  aciil,  whereby  the  elements  of  flesh  undergo  a  kind  of  maceraiinn.  Finely  divided  flesh  is 
more  digestible  than  when  it  is  eaten  in  large  pieces.  In  cooking  meat,  the  heat  ought  not  to  l>e  ion 
intense,  and  ought  not  to  be  continued  too  long,  as  the  muscular  fibres  thereby  Income  hard  and 
shrink  very  much.  Those  parts  are  most  digestible  which  ate  obtained  from  the  centre  of  a  roa-t 
where  they  have  been  healed  to  60**  to  70"  C.  a«  this  temperature  ii  suflicicnt,  with  the  aid  of  the 
acids  of  the  flesh,  to  change  the  connective  tissue  into  gelatin,  whereby  the  fibres  are  looscmd,  so 
that  the  gastric  juice  readily  aiL-icks  them.  In  roosting  beef,  apply  heoi  suddenly  at  hrsi,  to  coagu* 
laie  a  layer  on  the  surface,  which  prevents  the  escape  of  the  juice. 

Meat  Soup  is  l)cst  prepared  by  catting  the  flesh  into  pieces  and  placing  them  for  several  hours 
in  cold  water,  and  afterward  Ixiiling.  liehig  found  that  6  parts  per  too  of  ox  flesh  were  disMilved 
by  cold  waicr.  When  this  cold  exlma  was  bfjiled,  2.95  Mtts  were  precipitated  as  coagulated 
albumin,  which  is  chiefly  removed  by  "  skimming,"  so  that  only  3.05  parts  remain  in  solution.  From 
100  parts  of  flesh  of  fowl,  8  parts  were  ^extracted,  and  of  these  4.7  was  coagulated  and  3.3  remjined 
dissolved  in  the  soup.  By  boiling  for  a  very  long  lime,  part  of  ihe  alliumin  may  be  redissolved. 
The  dissolved  substances  arc:  [i)  Inorganic  salts  uf  the  meat,  of  which  82.27  P^  «•  "'•  P*^*  '""> 
the  soup;  the  earthy  phosphates  chiefly  remain  in  the  cooked  meat.  (2)  Kreatin,  krcatinin,  the 
inosinates  and  Inctates  which  give  to  broth  or  beef  tea  their  ftiniubiing  rjualiues.  and  a  small  amount 
of  aromatic  extractives.  ^3)  l^latin.  more  abundantly  extracted  from  the  flesh  of  young  animaU. 
Accotiling  to  these  facts,  tnerelbre,  flesh  broth  or  beef-tea  is  a  powerful  stimulant,  supplying  muscle 
with  rc-toraiives,  but  is  not  a  food  in  the  ordinary  sense  of  the  term,  askreatin  in  general  leaves  the 
body  uuchanged  [v.  Foi/).  The  flesh,  especially  if  it  be  cooked  in  a  Inrge  moss,  after  ihe  exirac* 
tionof  the  broth  is  still  available  oi  a  food. 

Liebig's  Extract  of  Meat  is  an  extract  of  flesh  evaporated  to  a  thick  syrupy  consistence.  It 
coauins  no  fat  or  (•rUtin.  and  is  chiefly  a  solution  of  the  extractives  and  salts  uf  Mesh. 

[Extract  of  Fiah.— .\  similar  exiraa  is  now  preparei)  from  5sh,  and  such  extract  has  no  fishy 
flavor,  bat  presents  much  ihe  same  appearance,  odor,  and  pfopetlie*  as  extract  of  flesh.] 

334.  VEGETABLE  FOODS.— The  nitrogenous  constituents  of  plants  are 
not  so  easily  absorbed  as  animal  food  {Rudner).  Carbohydrates,  starch,  and 
sugar  are  very  completely  absorbed,  and  even  a  not  inconsiderable  proportion  of 
reilulosc  may  be  digested.  The  more  fats  that  are  contained  in  the  vegetable 
food,  the  le^  are  the  carbohydrates  digested  and  absorbed. 
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I.  The  cereals  are  most  important  vegetable  foods;  they  contain  proteids, 
starch,  salts,  anil  water  about  14  per  cent.  The  nitrogenous  body  glutin  is  most 
abundant  under  the  husk  {Fig.  236,  t).  The  use  of  whole  meal  containing  the 
outer  layers  of  the  grain  is  highly  nutritive,  but  bread  containing  much  bran  is 
somewhat  indigestible  {Rubn^r),     Their  composition  Is  the  following  : — 


loo  F«rta  of  the  Dry  Meal  conuhi 

i<»  PktIs  of  Ash  coniaihi 

01 

Albumin, 

Suu-ch. 

Red  WhmL 

WWW  What. 

Rice. 

Buckwheat,    .   .   . 

16.52% 
11.92 
17.70 
J3.65 

7-40 
6.S-XO.5 

56.25%       ; 
6091            1 
38-31 

77.74 

86.31 
65,05 

yjA7 

1575 
1-93 
9.60 
»-36 

49.3« 
0.13 

Potash,      .... 

SwU 

Lime. 

MagDcsiB    .... 
Iron  oxide  .    .    .    . 
Phosphoric  Acid, 
Silica,       

33-84 

309 

»3-54 

03t 

59.21 

Fig.  236. 


It  is  ctirioai  10  observe  ihat  soda  is  absent  ^m  while  wheat,  Its  place  beinp  tnkerr  by  other  alkalies. 
Rye  c-mliiitis  mare  cellulose  and  dexliin  ihnii  whcnt,  but  less  sugar;  rj-c  brcarl  is  usually  lcs.s  [>orou!i 

[Oaimeal  contains  more  nitrogenous  substances  (g)iailin  and  Kluiiii-cau^dn)  than  whvatcn  noar,  Ihu 
owing  to  the  want  of  adhesive  properties  it  cuinoc  be  made  into  bread.  The  amouiil  of  isA  aod  saJts 
is  Urge.] 

In  the  preparation  of  bread  the  meal  is  kneaded  with  water  until  dough  is  formed,  and  to  it  is 

added  salt  and^-iij/ (Saccharoniycctes  ccrcvijaa.-). 
When  placed  in  ft  warm  oven,  the  proteids  of  the 
meal  bt'cii)  to  decompose  and  Oct  a&  a  ferment  upon 
the  !>wollcn-up  March,  wliich  becoroe»  in  port 
changed  into  m^nr.  llie  sugar  is  further  decom- 
posed into  COj  and  alcohol,  the  Cf),  forms  bubbles, 
which  cause  the  bread  to  "  rise  "  and  thus  become 
spongy  and  poroas  The  alcohol  is  drivcD  off  by 
the  baking  (200*^,  while  much  SHilubU-  dextrin  is 
formed  in  Lbe  crust  of  the  bread.  [iJut  CO,  may 
be  set  free  witliin  the  dough  by  chL-mical  means, 
without  ye.isi  or  leaven,  thus  fonning  unfermcnted 
bread.  I'liis  \&  done  by  niixiiig  witli  tlic  duugh 
»n  alkaline  cart>nniile  and  thcu  adding  an  acid. 
Baking  powders  consist  of  carbonate  of  soda  bekI 
tartaric  acid.  In  Daughlish's  jinxrcss  for  aerated 
Inread,  the  CO,  is  forced  into  woler,  and  a  drtugh  is 
niade  with  this  wnler  under  prciaurc,  and  when  the 
dough  Ia  heite<I,  the  COj  expands  and  forma  the  sfKitigy  l>re:ul,  Hrvad  as  an  article  of  fnod  is  defi- 
cient in  N.  tvhtle  it  is  poor  in  fats  and  some  salts.  Hence  the  necessity  for  using  some  form  of  Dot 
with  it  abutter  or  bacon).] 

2.  The  pulses  contain  much  albumin,  tspedally  legumin ;  together  with 
starch,  lecithin,  cholesterin.  and  9  to  19  per  cent,  water.  Peas  contain  18. 02 
proteids,  and  34.81  starch  ;  beans  28.54,  and  37.50  ;  lentils,  39.31,  and  40,  and 
more  cellulose.  Owing  to  the  absence  of  glutin  they  do  not  form  dough,  and 
bread  cannot  be  prepared  from  them.  On  account  of  the  large  amount  of  pro- 
teids which  Ihcy  contain,  they  arc  admirably  adapted  as  food  for  the  poorer 
classes. 

[3.  The  whole  group  of  farinaceous  substances  used  ns  "  pudding  stufls."  such  as  cora-fUnir, 
arrowroot,  rice,  hominy,  arc  really  verj-  largely  composed  of  &tan:hy  sulntances.] 

4-  Potatoes  contain  70  to  81  per  cent,  water.  In  the  fresh  juicy  cellular 
tissue,  which  has  an  acid  reaction,  from  the  presence  of  phosphoric,  malic,  and 
hydrochloric  acids,  there  is  16  to  23  per  cent,  of  starch.  2.5  soluble  albumin, 
globulin,  and  a  trace  of  asparagin.  The  envelopes  of  the  cells  swell  up  by  boil- 
ing, and  are  changed  into  sugar  and  gums  by  dilute  acids.  The  poisonous  solanin 


ftlicro«copic  character*  of  wheat  i -*•  aoo).  ,1,  celU  of 
the  bran:  d^,  celta  of  thia cuticle;  f.  glutin  edU ;  d, 
lurch  cells. 
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occurs  in  the  sprouts.  In  loo  |>ar(s  oK  potato  ash,  May  found  49.96  potash,  t.^i 
sodium  chloride,  8. 11  potassium  chloride,  6.50  sulphuric  acid  derived  from  burned 
proteids,  7.17  silica. 

5.  In  fruits  the  chief  nutrient  ingredients  are  sugar  and  sails ;  the  organic 
acids  give  them  their  characteristic  taste  ;  the  gelatinizing  substance  is  the  soluble 
so-called  pectin  (CuHuOg),  which  can  be  prepared  artificially  by  boiling  the 
very  insoluble  pectose  of  unripe  fruits  and  mulberries. 

6.  Green  Vegetables  are  especially  rich  in  salts,  which  resemble  the  salts  of 
the  blood  ;  thus,  dry  salad  contains  23  per  ctnt.  of  salts,  which  closely  resemble 
the  salts  of  the  blood.  Of  much  less  importance  are  the  starch,  cell  substance, 
dextrin,  sugar,  and  the  small  amount  of  albumin  which  they  contain. 

[V'cgctaMc5  are  chiefly  useful  for  the  salti  they  contain,  while  many  of  than  arc  antiscorbutic. 
Their  vuluc  U  altctlcd  by  tlic  serkxu  defects  of  nutrition,  »uch  as  scurvy,  which  result  when  they  are 
not  nqwUcd  in  the  fowl  In  Arctic  eipedttioas  and  in  the  navy,  Uine  juice  u  sored  out  as  an  anti- 
scorbuuc] 

[Preserved  Vegetables. — The  dried  and  compressed  vegetables  of  Messrs.  Cliollet  &  Company 
arc  an  excrllml  MilMiitite  for  frt-sh  vegrtaliles,  and  arc  u^ed  largely  in  iiavnl  and  mititory  cxpcdiliuns.l 

[Utilization  of  Food. — As  regards  what  percentage  of  the  food  swallowed  is 
actually  absorbed,  wc  know  thai,  stated  broadly,  vegetable  food  is  assimilated  to  a 
much  less  extent  than  animal  food  in  man.  Fr.  Hofmann  gives  the  following 
table  as  showing  this : — 


Wdshl  of  Food. 

VcftiaUk 

AaliMl. 

IMiensd. 

Uactigaaad. 

DI|Mad. 

UBdigMMd. 

75  5 
46.6 

903 

345 

53-4 

899 
8t.3 
96.9 

II. 1 

18.8 

3.<] 

**    too       **      fat»  or  cartwbydrales,    ,    . 

[The  following  tabic,  abridged  from  Parltea,  shows  the  (»inposItiou  of  the  cblef  article^  of  lUet, 
and  IS  also  umxI  for  calculating  diet  table'* : — 


Aiticln. 


BcefsteaV, 

Fat  pork 

Scnuked  ham,  .    .    .    . 

White  fish 

I'oultry 

While  whcatcn  Iread. 

Wbcal  flour 

Biscuit, 

Rice. 

Oatnieal, 

Maiie 

Macai^nii, 

Arrow  root. 

I^toldry) 

Ptauuoe* 

Carrots, 

Cabbie.  .    .    . 

Butter 

Egg  I  ji^  for  shell),  .   . 

Chce*e, 

Milk  [S  G.  1033),      . 

Cmun. 

Skimmed  milk,     .    .    . 
^•HE". 


Waur. 

PfMtUa. 

FaM. 

74^ 
39^ 

11 

48'.9 

27-8 

24-0 

3«S 

78.0 

18.1 

29 

740 

21.0 

3-» 

40.G 

So 

<S 

IS 

11.0 

X.O 

156 

1-3 

lOO 

SO 

150 

12.6 

11 

135 

lao 

1     '3' 

9.0 

0.3 

1     15  4 

o.S 

... 

\     15.0 

23.0 

2.0 

(     74.0 
1     85.0 

20 

a  16 

1.6 

0,2$ 

91.0 

1.8 

50 

6.0 

03 

91.0 

735 
368 
86.8 

135 

11.6 

33-5 
40 

a4-3 

66.0 

«'7 

'     88.0 

4.0 

1.8 

,    ^ 

Carbo- 
bydiam. 


Salu. 


4^ 
2.8 

54 

96-5 
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ACTION  OF  ALCOHOL, 


335.  CONDIMENTS,  COFFEE.  TEA.  ALCOHOL— Some  substances  nre  used  aloog 
with  TixhI,  iiol  so  much  on  account  of  tltdr  iiuiriuvir  pmptriics  ah  ud  account  of  their  blimulAtitig  effects 
and  agrecaljle  quaiiiies,  which  arc  esettcd  partly  upon  the  organ  of  Uutte  and  partly  upon  the  nerv- 
ous system.      These  are  called  condiroects. 

Coffee,  Tea,  and  Chocolate  are  prepared  as  infjsians  of  certain  vcRCtahles  [the  finl  of  the 
roa'-tcd  berry,  ihe  second  of  ihc  lenves,  and  the  third  uf  the  seeds.]  TTieir  chief  active  ingredici  ts 
arc  rcsi>eciitely  cafTein,  thein  (ChH,(,N\0, -j-  H,0),  and  tbcobromin  (C,H^N,0,).  which  arc 
regarded  as  alkaloids  of  the  veijclal.le  lwse«,  and  which  have  reccnlly  been  prepared  aitiBcially  frurn 
xaiithin  (£.  /•'tschtr).  lOuaraaa,  or  Brazilian  cocoa,  is  made  of  the  seed&  gniund  tnio  a  {ia<-le  in 
the  form  of  a  samsge.  Mat^  or  i'aniguiy  lea  (ihe  leaves  of  a  spe<.)es  of  holly)  is  u»cd  in  South 
America,  attd  so  «Ik»  is  the  coca  of  the  Andes  (Erythroxylon  Coca).]  These  "  alkaloidi"  occur  as 
(tuch  in  the  plants  containing  them;  they  behave  like  ammonii*.  tbcy  have  an  a1ka!tne  reaction, 
and  f>jrm  crystalline  •'alts  with  acids.  All  these  vegetible  bases  act  upon  the  nervous  system  ;  tome 
more  feebly  (as  the  above],  others  more  pawerfully  (({uinine) ;  some  stimulate  puwerAilly,  or  com- 
pletely paralyze  (morphia,  atropin,  >lrychnin,  curarin,  nicoiin). 

Effects. — Ail  these  substances  act  on  the  nervous  system  ;  they  quicken 
thought,  accelerate  movement,  and  stir  one  to  greater  activity.  In  these  respects 
thL'y  resemble  the  stimulating  extractives  of  beef  tea.  Coffee  contains  about  ^4 
per  cent,  of  calfein,  part  of  which  only  is  liberated  by  the  act  of  roasting.  Tea 
has  6  per  cent,  of  thein  ;  while  green  tea  contains  i  per  cent,  ethereal  oil,  and 
black  tea  ^  percent.  ;  in  green  tea  there  is  18  per  cent.,  in  black  15  per  cent, 
tannin;  green  tea  yields  abovit  4O  i>er  cent.,  and  the  black  scarcely  30  |jer  cent, 
of  extract.  The  inorganic  salts  present  are  also  of  importance;  tea  contains 
3.03  per  cent,  of  salts,  and  among  these  are  soluble  compounds  of  iron,  manganese, 
and  soda  salts.  In  coffee,  which  yields  5.41  per  cent,  of  ash,  potash  sails  arc 
most  abundant ;  in  all  three  substances  the  other  salts  which  occur  in  the  blood 
are  also  present. 

Alcoholic  drinks  owe  their  action  chit-fly  to  the  alcohol  which  they  contain. 
Alcohol,  when  taken  into  the  body,  undergoes  cerrain  changes  and  produces 
certain  effects;  (i)  About  95  per  cent,  of  it  is  oxidized  chiefly  into  CO,  and 
H,0,  so  that  it  is  so  far  a  source  of  heat.  .\s  it  undergoes  thischange  very  readily 
when  taken  lo  a  certain  extent,  it  may  act  as  a  substitute  for  the  consumption  of 
the  tissues  of  the  body,  especially  when  the  amount  of  food  is  insufficient. 
[Hammond  found  ihat  when  he  lived  on  an  insufficient  amount  of  food,  alcohol, 
if  given  in  a  certain  quantity,  supplied  the  place  of  the  deficiency  of  food,  and 
he  even  gained  in  weight.  If,  however  sufficient  food  was  taken,  alcohol  was 
unnecessary.  As  it  interferes  with  oxidation,  and  where  there  is  a  sufficient  amount 
of  other  food,  in  health,  it  is  unnecessary,  for  dietetic  reasons.]  Small  doses 
diminish  the  decomposition  of  the  proteids  to  the  extent  of  6  to  7  percent. 
Only  a  very  small  part  of  the  alcohol  is  excreted  in  the  nrine ;  the  odor  of  the 
breath  is  not  due  to  alcohol,  but  to  other  volatile  substances  mixed  with  it,  e.  g.^ 
fusel  oil,  etc.  (2)  In  small  doses  it  excites,  while  in  large  doses  it  paralyzes  the 
nervous  system.  By  its  stimulatingqualities  it  excites  to  greater  action,  which» 
however,  is  followed  by  depression.  {3)  It  diminishes  the  sensation  of  hunger. 
{4)  It  excites  the  vascular  system,  accelerates  the  circulation,  so  that  the  muscles  ^ 
and  nerves  are  more  active,  owing  to  the  greater  supply  of  blood.  It  also  gives 
rise  to  a  subjective  feeling  of  warmth.  In  large  doses,  however,  it  parat}zes  the 
vessels,  so  that  they  dilate,  and  thus  much  heat  is  given  off  (§  213,  7  ;  §  227)* 
The  action  of  the  heart  also  becomes  affected,  the  pulse  becomes  smaller,  feebler, 
and  more  rapid.  In  high  altitudes  the  action  of  alcohol  is  greatly  diminished, 
owing  to  the  diminished  attnospheric  pressure,  whereby  it  is  rapidly  given  off  from 
the  blood. 

Alcohol  in  small  doses  is  of  great  use  in  conditions  of  temporary  want,  and 
where  the  food  taken  is  insufficient  in  quantity.  When  alcohol  is  taken  regularly, 
more  especially  in  large  doses,  it  affects  the  nervous  system,  and  undermines  the 
physical  and  corporeal  faculties,  partly  from  the  action  of  the  impurities  which 
it  may  contain,  s\ich  us  fusel  oil,  which  has  a  poisonous  effect  upon  the  nervous 
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sy&tem,  partly  by  the  direct  efTccbs.  such  as  catarrh  and  inflammation  of  the 
digestive  organs,  which  it  produces,  and  lastly,  by  its  effect  upon  the  normal 
metabolism. 

[TIic  action  of  alcohol  in  lowering  the  temperature,  even  in  moderate  doses,  is  most  important. 
By  dilating  the  cmaneons  vessels,  it  thus  permits  of  the  radiating  uf  much  heat  from  the  blood. 
When  the  action  of  ntcohol  is  pu(>hed  too  far,  and  especially  when  ihii  ii  combined  with  the  action 
of  great  cold,  iu  use  i^  to  be  condemned.  Uronlon  has  pointed  out  that,  a&  regards  its  action  on  ihc 
nervouB  syetem,  it  seems  to  induce  progressive  paralysis,  a^ecting  the  ntrvuus  litumes  "in  the 
invene  order  of  their  development,  the  highest  centres  Iwing  affected  first  and  the  lowest  last/'  The 
jmJgmeHf  is  affected  First,  although  the  imagination  and  "  emotions  may  be  more  than  uiiually  active." 
The  motor  ttntm  and  sfierck  are  atTected,  then  the  cerebellum  is  influenced,  and  afterward  the 
cord,  while  by  and  by  the  centres  essential  to  life  are  paratyicd.  provided  the  dose  be  sutHciently  Urge.  ] 

Prvparation. — .\1cuI)qUc  drinks  are  prepared  by  Ihc  fermentation  of  various  carbohydrates, 
auch  a«  sugar  derived  from  slorch.  The  alcoholic  fermentation,  such  as  occurs  in  the  manufacture 
of  i>eet,  i<i  causc<i  by  the  development  of  the  yeasi  plant,  Saccharotnycetea  cerevlaue  ;  while  in 
the  fermentation  of  the  grape  ^wine),  S.  Klli[isoidcus  i&  the  species  present  I^Fig.  237).  The  yeast 
takes  tlie  substances  necesaary  for  the  maintenance  of  its  organic  procexsea  directly  from  the  mixture 
of  the  sugar,  viz.,  carbohydrates,  proteids  and  kolts,  e»|Kcial1y  calcium  and  potassium  pho»phales 
■nd  magnesium  sulphate.  These  substances  undergo  decomposition  within  the  cells  of  the  yeast 
plant,  which  multiply  dur- 
ing the  process,  and  there  Fill.  337. 
are  produced  alcohol  and 
CO,  ({  150),  together  with 
glycerine  (j.2  to  3.6  per 
cent.)  and  succinic  acid  0,6 
to  07  per  cent.).  YcaM  is 
either  lulded  intentionally  or 
it  reaches  the  mixture  from 
the  air,  which  always   con- 

Hins  its  spores.    When  yeast     ,.  ,«,to,«,  y^,  e«n.;  *,  ,,  j 
IS  completely  excluded,  or  if  romation  of  cefli ; 

it  be  killed  by  boiling  for  if 
iu  action  be  prevented  by  the  presence  of  some  germicide],  the  fermentatioit  does  not  occur.    The 
alcoholic  fermentation  is  due  to  the  activity  of  a  low  organism. 

In  the  preparation  of  brandy,  the  starch  of  the  grain  or  potatoes  is  first  changed  into  Rugar  by  the 
actiuD  of  diastase  or  maliin.  Yeast  is  added,  and  fermentation  thereby  produced  ;  the  mixture  is 
distilled  at  78.3**C.  The  fusel  oil  is  pre*-ented  from  mixing  with  the  alcoliol  by  jjaasing  the  vapor 
through  healed  charcoal.     The  distillate  contains  50  to  55  per  cent,  of  alcohol. 

Id  the  preparation  of  wine,  the  saccharine  juice  uf  the  grape — the  must  —  after  beti^;  ex- 
prcHCd  from  the  grai^ies,  is  expofed  to  the  air  at  lo**  10  15°  C,  and  the  yeaa  cells,  which  are  float- 
n^  about,  drop  into  it  and  excite  fermentation,  which  lasts  10  to  14  days,  when  the  yeast  sinks  to 
the  bottom.  The  clear  wine  is  drawn  off  into  casks,  where  it  becomes  turbid  by  undergoing  an 
after-fermentation,  until  the  sugar  is  converted  into  alcohol  and  CO,,  which  is  aCcom)>anied  by  the 
dqiosition  of  some  yeast  and  tartar.  If  all  the  sugar  is  not  decomposed — which  occur*,  when  there 
is  pot  sutTicieiit  nitrogenous  matter  present  to  nourish  the  yeast— a  sicffi  wine  is  obtained.  Wine 
contains  89  to  90  |>er  cenL  water,  7  to  8  per  cent,  alcohol,  together  with  idhylic,  propylic,  and 
butylic  alcohol,  'fhe  red  color  of  some  wtnes  is  due  to  the  coloring  matter  of  the  skin  of  the  grapes,  • 
but  if  ihe  skinA  be  removed  t«fore  fermenloiion,  red  grapes  yield  white  wine.  When  wine  is  stored, 
tt  develops  a  line  llitvor  or  liouquet.  The  characteristic  vinous  odor  is  due  lo  cenanthic  ether. 
The  la/ts  of  wine  closely  resemble  the  .salts  of  the  blood. 

In  the  preparation  of  beer  the  grain  is  moistened,  ami  allowed  to  germinate,  when  the  lemjieralure 
rises,  and  the  starch  (bS  per  cent,  in  barley)  is  changed  into  sugar,  llius  "  malt"  is  formed, 
which  is  dried,  and  afterward  pulverised,  and  cjilrjctcd  with  water  at  70**  to  75°,  the  watery  extract 
being  the  "wort."  Hops  are  a^Ulcd  to  won,  and  the  whole  is  evaporated,  when  the  proteids  are 
ccagolatcd.  Hopi  give  beer  its  bitter  ta&tc,  and  make  it  keep,  while  their  tannic  acid  precifjilates 
■ny  starch  that  may  be  present,  and  claritict  the  wort.  After  being  I  railed,  it  is  cooled  rapidly 
{12'  C) ;  yea.a  is  abided,  and  fermentation  goes  on  rapidly  and  with  considerable  effervescence  at  10** 
to  14*,  Iteer  contains  75  lo  95  [>er  cent,  water ;  alcohol,  2  to  5  per  cent.  ( porter  and  ale,  to  8  per 
cenL) :  CO^  o.i  to  0.8  per  cent. ;  sugar  2  to  8  per  cent. :  gum,  dextrin,  2  to  to  per  cent,  j  the  hops 
yield  tracer  of  protein,  fal.  lactic  acid,  ammonia  compounds,  the  salts  of  the  grain  and  of  the  hope. 
In  the  aab  there  L*.  a  great  preponderance  of  phosphoric  acid  and  potash,  both  of  which  are  of  great 
importance  for  the  formation  of  blood.  In  100  part*  of  ash  there  are  40.8  notash,  io.o  |>hraphonia. 
magnesium  phmphate  20.  calcium  [^oaphate  2.6,  <ilica  16.6  per  cent.  'Fhe  formation  of  blood, 
muscle,  and  other  tissues  from  the  coDsumpiioa  of  beer  b  due  to  the  phosphoric  acid  and  potash, 
while  if  loo  mtKh  be  taken,  the  potash  produces  fatigue. 
26 
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Condiments  are  taken  with  food,  partly  on  account  of  their  taste,  and  partly 
because  they  excite  secretion.  Coramon  salt,  in  a  certain  sense,  is  a  condiment. 
We  may  also  include  many  substances  of  unknown  constitution  which  act  upon 
the  gustatory  organs,  f.^.,  dextrin,  and  substances  in  the  crust  of  bread  and  in 
meat  which  has  been  roasted. 

236.  EQUILIBRIUM  OF  THE  METABOLISM.— By  this  terra  is 
meant  ttiat,  under  normal  physiological  cunditiohb,  just  as  much  material  is 
absorbed  and  a&sirailated  from  the  food  as  is  removed  from  the  body  by  the 
excretory  organs  In  the  form  of  tffete  or  end  products,  the  result  of  Ihe  retrogres- 
sive tissue  changes.  The  income  must  always  balance  the  expenditure  ;  wherever 
a  tissue  is  used  up,  it  must  be  replaced  by  the  formation  of  new  tissue.  During 
the  period  of  growth,  the  increase  of  the  body  corresponds  to  a  certain  increase 
of  formation,  whereby  the  metabolism  of  the  growing  parts  of  the  body  is  2.5  to 
6.3  limes  greater  than  that  of  the  parts  already  formed.  Conversely,  during  senile 
decay,  there  is  an  excess  of  expenditure  from  the  body. 

MethodB. — The  normal  equilibrium  oP  the  metabolism  of  tlie  body  is  investigated  (1]  By 
determiiiin;^  chemically  that  the  sum  of  nil  tlie  substances  passing  inlo  the  Initty  Is  ei|ual  to  Ihe 
sum  of  all  the  substances  given  off  from  it.  Thus  the  C,  N,  II,  O,  sails  and  water  of  ibe  food, 
■nd  (he  O  inspired,  must  be  e<|ual  to  the  C,  N.  H,  O,  salts  and  wafer  given  off  in  the  excreta 
(urine,  freccs,  air  expired,  water  excreted).  (2)  The  physiolo^cal  equilibrium  is  determined 
empirically  by  observing  that  ihc  Irady  retains  its  normal  weight  with  a  given  diet ;  &o  that,  by 
simply  weighing  ■  person,  a  physician  i»  enabled  lo  determine  exactly  the  state  of  convalescence 
of  bis  patient.  The  tediouii  process  of  making  an  elementATy  analysis  of  the  metallic  sub- 
stances was  first  undertaken  in  the  Munich  School  liy  v.  Bischoff,  v.  Voil,  v.  Peucnkofer,  and 
others. 

Circulation  of  C. — In  the  circulation.of  materials  the  total  amount  of  C  taketi 
in  the  food,  if  the  metabolism  be  in  a  condition  of  physiological  equilibrium,  must 
be  equaled  by  the  C  in  the  CO,  given  off  by  the  lungs  and  skin  (90  per  cent.)» 
together  with  the  relatively  small  amount  of  C  in  the  organic  excreta  of  the  urine 
and  faeces  (10  per  cent.). 

Circulation  of  N. — Nearly  ai/  the  jV  taken  in  with  the  food  is  excreted  within 
twenty-four  hours  in  the  form  of  urea,  A  very  small  amount  of  nitrogenous  mat- 
ter is  excreted  in  the  faeces,  while  the  other  nitrogenous  urinary  constituents  (uric 
acid,  kreatinin,  etc.)  represent  about  3  per  cent,  of  N.  A  trace  of  the  N  is  given 
off  by  the  breath  (^  124},  and  a  minute  proportion  in  combination,  in  the  epider- 
mal scales  (50  milligrammes  daily  in  the  hair  and  nails),  and  in  the  sweat. 

Deficit  of  N. — That  nearly  all  the  N  taken  in  the  food  reappears  in  the 
urine  and  faeces,  as  was  stated  by  v.  Voit  to  be  the  case  in  the  carnivora  and 
in  the  herbivora,  and  by  v.  Ranke  in  man,  is  contradicted  jKirtly  by  old  and 
partly  by  new  observations,  which  go  to  show  that  the  whole  of  the  N  cannot 
be  recovered  from  these  excretions,  but  lliat  on  the  contrary  there  is  a  considerable 
{icfia'L 

According  lo  Leo,  only  O.55  per  cent,  of  the  albumin  transformed  within  the  body  (assuming  15 
per  cent.  N  in  albumin)  gives  off  its  N  in  the  form  of  gaseous  N  (according  10  Scegen  and  Nowakt 
12  limes  mure),  in  every  exact  analysis  of  the  metabolism  of  N  this  gaseous  excretion  of  N  must 
be  taken  into  account. 

The  excretion  of  N  after  food  does  not  lake  place  regularly  from  hour  to  hour,  but  ii  increases 
at  once  and  distinctly,  reaches  its  maximum  in  6vc  10  six  hours,  and  then  gradually  falls.  The  same 
is  true  of  the  cxcreUon  of  S  and  P ;  but  in  these  cases  the  maximum  of  excretion  is  reached  at  the 
fouTlh  hour.  When  fat  i>  added  to  a  diet  of  flcah,  ihc  excreUuu  of  N  and  S  is  uniformly  distributed 
over  the  individual  hours  of  the  day  (v.  Voii  and  Feder). 

The  nitrogenous  constituents  in  the  body  during  metabolism  become  poorer  in  C,  and  richer 
in  N  and  O.  Thus  in  albumin  to  i  atom  of  N  there  are  4  atoms  C;  in  g«latin,  31^  C;  in 
glycocolt,  2  C:  in  kreatin,  i  '^  C;  in  uric  acid,  i^''  C;  in  allantoin,  l  C;  iu  urea,  only  ^ 
atom  of  C. 

The  H  leaves  the  body  chiefly  in  the  form  of  water — a  part,  however,  is  m 
combination  in  other  excreta ;    the  O  is  »hiefly  excreted  as  CO,  and  water;    a 
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little  is  given  off  in  combination  in  other  excreta;  water  is  given  oflf  by  evapo- 
ration from  the  lungs  and  ^kin,  and  also  in  the  urine  and  fxccs.  As  H  is  oxidized 
to  H,0,  more  waler  is  excreted  than  is  taken  in.  Most  of  the  readily  soluble 
salts  are  given  off  by  the  urine ;  the  less  soluble  salts,  especially  those  of 
potash,  and  the  insoluble  salts,  in  the  fjcces;  while  others  arc  given  off  in  the 
sweat.  Of  the  sulphur  of  albumin,  about  one-half  is  excreted  in  the  sulphur 
compounds  in  the  urine,  and  the  other  half  in  the  Heccs  (taurin)  and  in  the  epi- 
dermal  tissues. 

Every  organism  has  a  minimum  and  a  maximum  limit  of  metabolism, 
according  to  the  amount  of  work  done  by  the  body,  and  its  weight.  If  less  food 
be  given  than  is  necessary  to  maintain  the  former,  the  body  loses  weight;  while, 
if  more  be  given  after  the  maximum  limit  is  reached,  the  food  so  given  is  not 
absorbed,  but  remains  as  a  floating  balance,  and  is  given  off  with  the  ffcces.  When 
food  is  Iil>erally  supplied  and  the  weight  increases,  of  course  the  minimum  limit 
rises;  hence,  during  the  process  of  "feeding"  or  "fattening,"  the  amount  of 
food  necessary  is  very  much  greater  than  in  poorly  fed  animals,  for  the  same 
increase  of  the  body  weight.  By  continuing  the  process,  a  condition  is  at  last 
reached  in  which  the  digestive  organs  are  just  sufficient  to  maintain  the  existing 
condition,  but  cannot  act  so  as  to  admit  of  new  additions  being  made  to  the  body 
weight  (p.  Bischoff,  v.  Voit,  v.  Pcttenkofer). 

By  the  term  "luxus  consumption"  is  meant  the  direct  combustion  or  oxi- 
dation of  the  superfluous  food  sluff?>  absorbed  in  the  blood.  This,  however,  does 
not  exist ;  on  the  contrary,  the  material  in  the  juices  is  always  being  used  for 
building  up  the  tissues.  The  albumin  found  in  the  fluids  which  everywhere 
permeate  the  tissues,  has  been  called  "circulating  albumin,"  and  according 
to  v.  Voit  it  undergoc-s  decomposition  sooner  than  the  organized  or  **  organic 
albumin"  which  forms  an  integral  part  of  the  tissue.  According  to  v.  Voil,  in 
34  hours  I  per  cent,  of  the  organic  and  70  per  cent,  of  the  circulating  albumin  is 
used  up. 

[Licbig  laught  that  the  nitrogenoua  melabolisra  of  tlir  body  depended  un  a  corrcs[><jndttit* 
d«ctHBpoftition  of  tlic  {wotcids  of  tlie  i>r^an«,  m  th.-it  the  proleids  in  the  food  supplied  ihe  place  ol 
the  pftHeids  of  tlie  or^ns  thus  used  up.  He  calle<l  tlie  proteids  "  plastic  foods  "  or  "  tisaue 
formers,"  while  he  regarded  the  fais  and  carbohydrate*  as  *' respiratory  foods,"  as  he  sup- 
posed thai  ihcy  alone  were  concerned  in  Ihe  evolution  of  heat.  As  a  msucr  of  fact,  cx^ierinieiit 
proved  that  the  N  inetaUJisiT)  \%  to  a  Iar{>e  CKtenl  independent  of  the  protctds  of  the  food.  The 
Itttui-coniunipiioD  theory  waii  invented  to  expttio  this.  It  simply  naearu,  that  proteids  toketi  with 
the  food  not  only  rcplncc  the  amount  of  proteidx  which  have  lieen  deonmpoicd  during  the  activity 
of  organs  and  iiMues,  but  that  any  ckcc^c  is  immediately  consumed  without  t>eing  converted  into 
tissue,  and  thus  ihis  surplus  amount  giving  nse  lo  heat,  by  l^ing  oxidized,  to  a  certain  extent 
replaces  llic  f^ts  and  carlx^hyd rates.  Hut  Voit  ihowcd  that  the  nitrogenous  nietabolisTTi  is  not  influ- 
enced by  the  activity  of  the  organism,  and  he  proved  that  in  ordinary  conditions  only  a  small 
amount  of  the  organic  albumin,  /. /..  that  composing  tissues  and  organs,  nr>dei^oes  decam[Kisilion, 
white,  owing  to  tbe  action  of  the  cellular  elements  of  ilic  tissue,  a  large  amount  of  the  circulating 
albumin  is  split  up,  so  that  under  ordinary  conditions  the  organic  alt'umin  is  comparatively  riablc. 
This  he  demunstrntef]  from  a  comparison  of  the  urea  excreted,  for  the  urea  may  be  taken  as  an  index 
of  the  N  melalalism  in  well  fed,  fasting,  and  star\-ing  animais.  Hut  in  certain  pathological  con- 
ditions the  organic  albumin  may  undergo  rapid  change,  having  become  less  stable,  as  in  fevers,  and 
poisoning  with  phu*pliuru4.  J 

Quality  and  Quantity  of  the  Diet. — As  Jar  as  his  organization  is  concerned, 
man  l>elongs  to  the  omnivorous  animals,  /'.  r.,  those  that  can  live  upon  a  mixed 
diet.  For  an  adequate  diet  man  requires  for  his  existence  and  to  maintain 
health  a  mixture  of  the  following  four  chief  groups  of  food  stuffs  along  with  the 
necessary  relishes;  none  of  them  must  be  absent  from  the  food  for  any  length  of 
lime.     They  are:  — 

I.  Water — for  an  adult  in  his  food  and  drtnk,  2700  to  2800  grms.  [70  lo  90 
oz.]  daily  (g  229  and  §  247,  1). 

[Thiral, — Tlie  needs  of  the  economy  for  water  are  expresKd  by  tb«  ictuaiioD  of  thirst,  llie 
•ctisation  of  heat  and  dryness  may  be  con^ncd  to  the  tongue,  naouth  and  fauces,  and  indeed  may  be 


3.  Inorganic  substances  or  Salts  arc  an  integral  part  of  all  tissues, 
without  them  the  tissues  cannot  be  formed.  They  occur  in  ordinary  food- 
addition  of  too  much  salt  increases  the  consumption  of  water,  and  this  in  tr::^ 
increases  the  transformation  of  N  in  the  body.  If  an  animal  be  deprived  of  s^^* 
nutrition  is  interfered  with  ;  food  deprived  of  its  lime  affects  the  formation  o^  ^^M 
bones  ;  deprival  of  common  salt  causes  albuminuria  (247,  A,  III).  The  alka'^H 
salts  serve  to  neutralize  the  sulphuric  acid  formed  by  the  oxidation  of  the  sutj^^ 
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of  the  proteids.     Iron,  which  is  so  essential  for  the  formation  of  blood,  exists  in 
animals  and  plants  in  combination  with  complex  organic  bodies. 

Only  'm  timet  of  famine  is  man  driven  to  eat  Inrsfi  quantities  of  inorganic  substances,  to  extract 
the  organic  mntter  mixed  therewith.  A.  v.  Humboldt  slates,  in  revard  to  the  inhabitants  of  the 
Orinoco,  that  they  eat  a  kind  of  eaith  which  contains  innumerable  inUisoria. 

3.  At  least  one  animal  or  vegetable  albuminous  body  or  proteid  (§§  248,  250). 
The  proteids  are  required  to  replace  the  used'Up  nitrogenous  tissues,  ^.^.,  for 
muscles.     They  contain  15.4  to  16.5  per  cent.  N. 

The  proteids  are  in  blood  =  20.56  per  cent.;  muscles,  19.9  per  cent-;  liver,  1174  per  cent.; 
brain,  S.oj  per  cenl. ;  bIf»o>I  plaiima,  7.5  i»cr  cent.;  milk,  3,94  per  cent.;  lymph,  2^6  i>er  cent. 
According  to  THllger  and  Kohland,  a  youth  of  full  stature,  and  62  kilos.  [136  lbs.]  weight,  decom- 
poKS  ^.9  gnns.  of  aJtHjmin  daily. 

Asparagin.in  combination  with  (gelatin, can  replace  albumin  in  the  fDod(  KViVi^^. while  asparagin 
alooe  limits  the  decom  [xm  It  ion  of  albumin  in  herbivora  but  not  in  carnivora  {y.  AfuMk).  Ammoaiacal 
8dU*i  glyCoColl,  sarkosiii,  and  benzamid  increase  wilh  the  amount  of  albumtn  in  the  l>ody. 

4.  At  least  one  fat  (§  S51),  or  a  digestible  carbohydrate  (§  35a).  These 
chiefly  serve  to  replace  the  transformed  fats  and  non*nitrogcnous  constituents. 
Owing  to  the  large  amount  of  C  which  they  contain,  when  they  undergo  oxidation, 
they  form  the  chief  source  of  the  heat  of  the  body  (§  206  j.  Fats  and  carbohydrates 
may  replace  each  other  in  the  food,  and  in  inverse  proportion  too,  corresponding 
to  the  amount  of  C  which  each  contains,  .^s  far  as  the  mere  evolution  of  heat  is 
concerned,  100  |>arts  of  fat  =  356  of  grape  sugar  =  234  of  cane  sugar  =;  211  of 
dry  starch  {Ruhner).     A  man  consumes  210  grms,  fat  daily. 

[5.  Kvcry  (»oper  diet  ought  to  have  a  certain  degree  of  sapidity  or  flavor.  The  substances 
which  give  this  arc  nut  useful  in  the  evolution  of  enei^^  or  building  up  the  tissues,  but  they  stimulate 
the  nervous  system  and  excite  secretion.  They  aic  called  "  Gcnu«mitlel  "  ( means  of  enjoying  f(»od) 
by  the  (■erinans,  but  we  have  no  exact  e(|uivalent  for  this  word  in  F.nglish,  though  the  articles  them- 
selves are  included  under  our  expression  "  coiKiiments."  These  9ubstai>ces  are  the  aromatic  matter 
in  roaal  meat  losmasomc).  tea,  vinegar,  salt,  mustard,  pepper,  etc.] 

[Condition  of  Diet  for  Health. — In  an  adequate  diet,  not  only  (i)  should 
the  total  quantity  be  sufficient  and  not  more  than  sufficient,  but  {2)  the  constitu- 
ents should  exist  in  proper  projwnions,  (3)  be  digestible,  and  (4)  the  whole  should 
be  in  good  condition,  wholesome,  and  not  adulterated  with  any  substance  preju- 
dicial to  health.] 

With  regard  to  the  relative  propoi^ions  of  the  various  kinds  of  food  which 
ought  to  be  taken,  experience  has  shown  that  the  diet  best  suited  for  the  body 
most  contain  i  part  0/  nitrogenous  foods  to  3*^'  or,  at  most,  4  Vi  of  the  non-nitrogenous. 
Looking  at  ordinary  foods  from  this  point  of  view,  we  see  how  far  they  correspond 
to  this  requirement,  and  how  several  substances  may  be  combined  to  produce  a 
satisfactory  diet. 


I.  VesI 10 

3.  Hare's  Acsh,  .    .  10 

3.  lieef. lo 

4.  I,eniil5,  ....  10 

5.  Ikans 10 

<».  Teas, 10 

7.  Monon 10 


Nti.  Mon-Nlt. 


Niu  NoD-Nil. 

10 

30 

10 

3« 

to 

37 

10 

4» 

10 

50 

10 

57 

14.  Barley  meal, 

15.  White 

.  10 

Noa-Nii. 
57 

potatoes, 
16.  Blue     " 

.  10 
.  10 

86 

17.  kice.  .   .    . 
iS.  Buckwheat 

.   10 

»23 

tncal,  .    . 

.  10 

'30 

I 


I  8.  Pork,    .    .    . 

3  9.  Cow's  milk, 

17  10.  Human  milk. 

31  ,     II.  W  beaten 

33  flour,    . 

33  I      12.  Oat  meal,     . 

37  t     13.  Rye  meal,    . 

An  examination  of  this  tal>le  shows  that,  in  addition  10  haman  milk,  wheat  dour  has  the  right 
pToponioQ  of  nitrogcnout  to  nnn-nitrogem>us  sul«tances.  A  man  who  Iriea  lo  nourish  himself  on 
beef  alone,  commits  as  great  a  mistake  as  the  one  who  would  feed  himself  on  putal<>e*  alone. 
Kxpcrience  has  taught  people  that  man  may  live  Qfwn  milk,  and  eggs,  but  that  iu  addition  lo  flesh 
*««  must  eat  thread  or  potatoes,  while  )>ul5es  re<]uire  fat  or  bacon. 

The  dtct  varies  wilh  the  climate  ntMl  with  the  aeaaon  of  tbe  year.  Ai  the  organism  must 
prMlncc  more  heat  in  culd  1nliltidc»,  the  inhahitaols  of  iinrtlicrtt  climates  mukt  eat  mure  n<>n-nitro- 
Cenou«  footls,  tuch  as  fals  and  ftu^ars  or  itarclics,  which,  on  account  of  the  lai^e  amount  of  C  they 
contain,  are  admirably  adapted  lor  producing  heat  \\  314.  I.  4). 


The  graphic  representation  of  the  composition  of  foods  (Fig.  338)  shows  the 
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relative  proportions  of  the  mo&t  important  food  stuffs,  and  how  they  vary  frotrt 
the  standard  of  i  nitrogenous  to  3j4  or  4j4  non-nitrogenous. 

The  absolute  amount  uf  food  stuffs  required  by  an  adult  in  twenty-four  hoaT% 
depends  upon  a  variety  of  conditions.     As   the   food  represents  the  cherr.if-  - 
reservoir  of  potential  energy,  from  which  the  kinetic  energy  (in  its  various  fotu*.  - 
and  the  heat  of  the  body  arc  obtained,  the  absolute  amount  of  food  must    %:jc 
increased  when  the  body  loses  more  heat,  as  in  wiiiter,  and  when  more  rouscul  jar 
activit)'  (work)  is  accomplished.      .\s  a  genera!  rule  an  adult  reifuires  daiiy  1,^30 
grammes  proteids,  84  grammes  fats,  404  grammes  carbohydrates,  a^nnd 
30  grammes  salts. 

A  Healthy  Adult  requires  in  24  Hours,  of  water-firee  ftoltds — 


FooJ  in  Cm  macs. 


Proteids, 

Fftls, 

Carbohydrates  (Sngar,  Starch,  etc.), 
Sails 


Al  Rot. 


70.87 
2»-35 

310.20 
14.00 


LaboritHit  Work 


Uodcrau  Work. 


{PUxfrnir.) 


155.92 

70.87 
567.50 

4aoo 


[When  we  record  these  numbers  in  ounces  we  get  the  following  results 
water-free  solids  required  by  an  average  man  {Parkes) ; — 


as 


Proteids, 

Fais, 

Car tJohyd  rates,     .    . 
Salts. 

Total  water-free  food, 


At  Rcsi. 


16.0 


OrdJiMury  Woik. 


23.0 


UboricMaW* 


6     to    7 

16     10  18 
t.a  10    1.5^ 

26.7  to  31  (^ 


During  ordinary  work  the  proportion  is  about : — 

Proteids  i :  fats  0.6:  carbohydrates  3.0, 
/.  e.y  I  nitrogenous  to  3.6  non-nitrogenous.] 

[In  a  diet  for  ordinary  work  (  ^3  o/.  of  dry  solids)  a  man  takes  about  j\^  — ^rt 
of  his  own  weight  daily;  ordinary  food,  however,  as  it  is  consumed,  cont —  ai^* 
between  50  and  60  per  cent  of  water  ;  if  we  add  this  proportion  of  water  to  __  *"* 
actually  dry  food,  we  get  48  to  60  oz.  of  ordinary  food  (exclusive  of  liqu»^ds). 
But  we  consume  50  to  80  oz.  of  water  in  some  liquid  form,  making  ihe  ^^BUiw 
amount  of  water  70  to  go  oz.  {Parkes)J\ 

The  following  tables  show  the  elementary  composition  of  the  income 
expenditure: — 

An  Adult  doing  a  Modkkate  Auount  or  Work  takes  in: — 


tod 


130  grammes  albamin,  contaiaii^ 64.18 

90        "         fois,  "         70.20 


330 


surch. 


146.82 
aSi.ao 


H. 


J9-«9 


V. 


%%M 


18.88 


a 


mx: 
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Add    744.11  grm.  O  from  (b«  air  by  respiration. 
■'     2818  "     JljO. 

"        33         '*     Inorganic  compounds  (salts). 

The  whole  is  equal  to  3A  kilos.  [7  ll>s.],  /',  ^.,  about  ^  of  the  body  weight ;  so 
that  about  6  per  cent,  of  tlie  water,  about  6  per  cent,  of  the  fat,  about  1  percent, 
albumin,  and  about  0.4  per  cent,  of  the  salts  of  the  body  are  daily  transformed 
within  the  organism, 

Ak  Adult  doikg  a  Modbratz  Auovht  op  Work  gives  off,  in  grammes: — 


^  resinratiQi], 

Perspiration, 
Urine,    .    .    . 

FlKCS,    . 


Waur. 


2818 


C. 


2S1.2 


6.3 


N. 


1 8.8 


681.45 


Add  to  this  (besides  aSiS  gmmmes  water  as  drink)  296  grammes  water  formed  in  the  body  by  the 
oxidation  of  II.  These  396  gnimmes  of  waicr  coniain  34.89  grms.  II,  and  263.41  grins.  O;  26 
gnus,  of  salts  arc  given  off  iu  ihc  urine,  and  6  by  the  farces.  96.5  grms.  of  proteid  (^  t.46  grm. 
per  kilo.)  are  ased  ap  by  a  resting  adult  in  24  hnuni;  but  while  working  107.6  grms.  are  used. 
Nominally  2.3  limes  as  much  fat  as  albumin  are  used  up. 

The  inve«tit;ations  of  the  Munich  School  have  shown  that  the  following  numbers  represent  the 
miiuniuni  amount  of  focxl  necessary  for  difTcrcnt  ages: — 


Al*. 


Child  until  t*4  y^Ts,  . 

•*     from  6  to  ts  years, 
Man  (moderate  work), 
■Woman.  •* 

Old  man 

Old  woman, 


FaL 

Carbohydrates. 

ao-36gnns. 
70-80    " 

30-45  grm*. 

60-90  gmu. 

37-50     " 

250-^400  " 

118     » 

56     " 

500     '• 

92     " 

44     " 

400     " 

100    " 

68     " 

350     " 

80    » 

50     " 

260     •' 

\ 


Small  animsis  have  a  more  lively  metabolism  than  large  ones.  In  smntl  animals  the  decomposi* 
Uoo  of  albumin  per  unit  wei|^ht  of  txtdy  Is  greater  than  in  large  animals  (f.  f'oi't).  Small  animals 
as  a  rule  consume  mure  proteid  than  la^r  ones,  becauM  they  generally  have  less  bodily  fat 

Relation  of  N  to  C. — In  most  of  the  ordinary  articles  of  diet,  nitrogenous 
and  non-nitrogenous  substances  are  present,  but  in  very  varying  proportion,  in 
the  different  foods.  Man  requires  that  these  shall  be  in  the  proportion  of  i  :  3^ 
to  I  :  4j.  If  food  be  taken  in  which  this  proportion  is  not  observed,  in  order  to 
obtain  the  necessary  amount  of  that  substance  which  is  contained  in  too  small  pro- 
portion in  his  food,  he  must  consume  far  too  much  food.  In  order  to  obtain  the 
130  grammes  of  proteids  necessary  a  person  must  tise 


Clieesc, 3S8  giuis. 

l.cntils 491     ** 

I*e» 58a    « 


Beef, 614  grms. 

Eggs, 96S    •* 

Wheat  bread,  .    .    .  1444    " 


Rice 2^62  grms. 

liyc  bread,     .    .        2875     '* 
PoUtocs,    .    .    .     IO.COO     •' 


provided  he  were  to  take  only  one  of  these  substances  as  food ;  so  that  if  a  work- 
maa  were  to  live  on  potatoes  alone,  in  order  to  get  the  necessary  ainouot  of  N  he 
would  have  to  consume  an  altogether  excessive  amount  of  this  kind  of  food. 

To  obtain  the  448  grammes  of  carbohydrates,  or  the  equivalent  amount 
of  fat  necessary  to  support  him,  a  man  mu>t  eat 


^Kt,      ......    572  grms. 

Vk'htAt  bread,    ...   625     " 
LcnuU 806    •• 


Peas 819  grms. 


Rye  bread. 


902 
930 


Chee«e, 20l  i  grms. 

I\>laioes 2039     " 

Beef. 2261     •* 
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SO  that  if  he  were  to  live  upon  cheese  or  fle:ih  alone,  he  would  require  to  eat  2*^0 

enormous  amount  of  these  substances. 

In  th«  case  of  hetblvora,  ih<;  proponion  of  nitrc^enoui  to  Don>niirogenaiu  food  neccam  is  i  ^^arf 
the  fnnnrr  to  S  or  9  parts  of  (he  Intler. 

237.  HUNGER    AND    STARVATION.— If   a   warm-blooded    aninu=a 

be  deprived  of  all  food,  it  must,  in  order  to  maintain  the  temperature  of  i. ^ 

body  and  to  produce  the  necessary  amount  of  mechanical  work,  transform  ai^^nd 
utilize  the  potential  energy  of  the  constituents  of  its  own  body.     The  result  is 

that  its  body  weight  dimmishes  from  day  to  day,  until  death  occurs  from  st^^^u- 
vat  ion. 

The  followinff  tnhlc.  from  Bidder  and  Schmidt,  sliows  the  amoutus  of  the  different  CKCrcii  to  ^^rihr 
caM:  o(  a  .starved  cat  : — 
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The  cat  lost  1 197  j^ms.  in  weight  before  it  died,  and  this  amount  is  apportioi 
in  the  following  way :   204.43  grams.  (  =  17.01  per  cent.)  loss  of  albumin  ;  13 
grms.  (=  11.05  per  ceni.)  loss  of  fatj  S63.83  grms.  loss  of  water  (^71.91 
cent,  of  the  total  body  weight). 


Methods. — In  orrler  tu  iovesiii^ale  the  condition  of  inanition  it  is  neccuary  (l)  to  weigh 
aoitnal  daily;  (2)  10  c»timate  daily  all  the  C  and  N  given  ofT  from  the  body  in  the  (atccs,  utum, 
expired  air.  The  N  and  C,of  course,  caii  only  he  obtained  from  the  decom|«o»tion  of  liisnes  « 
taininy  them. 

Among  the  general  phenomena  of  inanition,  it  is  found  that  strong,  well -nourished  dofs 
after  4.  weeks,  [n.ui  after  21  lu  24  days — ib  nidanchoIic»  who  took  water  died  afirr  51  d»ys);  « 
mammaU  and  birds  ij  days,  and  frogs  9  mnnths.     Vigorous  a<luUs  die  when   tlicy  Inse  ,'(,  fif  tl  -^^ 
body  weij^ht,  but  young  individuals  die  much  sooner  than  sdulia.     The  symptoms   are  obvic^^' 
The  moulh  is  dry,  tht-  wall.<i  nf  ihe  alimentary  canal  become  thin,  ami  ihe  iltgeslivc  sectetious 
to  be  formed:  pulse  beats  and  respirations  are  Tewer;  urine  very  acid,  from  the  presence  of 
creased  amount  of  sulphuric  and  phosphoric  ncids,  while  the  chlorine  compounds  rapUIIy  dimim  ■ 
and  almosi  disappear.     The  blood  contains  less  water  and  the  plasma  lets  alliumin.the  gall  blaiS-^ 
is  diKiended,  whkli  indicates  a  cuntinuous  dccomposiiioo  of  blood  corpuscles  within  the  liver.     '" 
liver  ih  itnaU  and  very  dark  colored,  tlic  muscles  are  very  liriitle  and  dry,  so  that  there  is  £^ 
musctiLir  weakness,  and  death  occurs  wirb  the  signs  of  great  depres&ton  and  coma. 

The  relations  of  the  metabolism  are  given  in  the  foregoing  table,  the  dimi''  -^^^*^\ 
tion  in  the  excretion  of  urea  is  much  greater  than  that  of  CO,r  which  is  da^^^^^ 


a  larger  amount  of  fats  than  proteids  being  decomposed.  According  to  the 
calculation,  there  is  daily  a  tolerably  constant  amount  of  fat  used  up,  while,  as 
starvation  continues,  the  proteids  arc  decomposed  in  much  smaller  amounts  from 
day  to  day,  although  the  drinking  of  water  accelerates  their  decomposition. 

Loss  of  "Weight  of  Organs. — It  is  of  importance  to  determine  to  what 
extent  the  individual  organs  and  tissues  lose  weight ;  some  undergo  simple  loss 
of  weight,  €.  g.,  the  bones,  the  fat  undergoes  very  considerable  and  rapid  decom- 
position, while  other  organs,  as  the  heart,  undergo  little  change,  because  they 
seem  to  be  able  to  nourish  titeniselves  from  the  transformation  products  of  other 
tissues. 


A  atarving^  cat,  accoriling  to  v.  Voil,  lost — 
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There  is  a  ver>*  important  difference  according  as  the  animals  before  inanition 
have  been  fed  freely  on  flesh  and  fat  [/.  /.,  if  they  have  a  surplus  store  of  food 
within  theniscivcs],  or  as  they  have  merely  had  a  subsistence  diet.  Well-fed  ani- 
mals lose  weight  much  more  rapidly  during  the  first  few  days  than  on  the  later 
days.  V.  Voit  thinks  that  the  albumin  derived  from  the  excess  of  food  occurs  in 
a  state  of  loose  combination  in  the  body  as  "circulating"  or  *'  storage  albumin** 
so  that  during  hunger  it  must  decompose  more  rapidly  and  to  a  greater  extent 
than  the  *'  organic  albumin,"  which  forms  an  integral  part  of  the  tissues  (  §  236). 
Further,  in  fat  individuals,  the  decomposition  of  fat  is  much  greater  than  in 
slender  persons. 

238.  METABOLISM  ON  A  PURELY  FLESH  DIET.— A  man  U 

not  able  to  maintain  his  metabolism  in  equilibrium  on  a  purely  flesh  diet ;  if  he  were 
compelled  to  live  on  such  a  diet,  he  would  succumb.  The  reason  is  obvious.  In 
beef  the  proportion  of  nitrogenous  to  non-nitrogenous  elementary  constituents  of 
food  is  I  ;  1.7  (p.  405").  A  healthy  person  excretes  280  grammes  [8  to  9  oz,]  01 
carbon  in  the  form  of  COj,  in  the  expired  air,  and  in  the  urine  and  fa:ces.  If  a 
man  is  to  obtain  280  grammes  C.  from  a  flesh  diet  he  must  consume — digest  and 
assimilole — more  than  3  kilos.  [4.4  lbs.]  of  beef  in  twenty-four  hours.  But  our 
digestive  organs  are  unequal  to  this  task  for  any  length  of  time.  The  person  is 
soon  obliged  to  take  less  beef,  which  would  necessitate  the  using  of  his  own 
tissues,  at  first  the  fatty  p.irts  and  afterward  the  proteid  substances. 

A  carnivorous  animal  (dog^),  whose  di(;esiive  apparaia^,  bcine  speci»lty  adapted  Tor  the  diges- 
tioD  of  liesh.  has  a  short  intrMJne  and  powerfully  active  digestive  fluids,  can  ouly  maiatiia  its  tneta- 
bolitin  in  a  siaie  of  equilibrium  when  fe<l  on  a  flesh  diet  free  from  fat,  provided  its  body  is  already 
well  supplied  wtUi  fat,  aiMl  is  muscular.  It  consumes  j>j  to  ,'„  part  of  the  weight  of  its  body  In  tiesh, 
so  that  the  excretion  of  urea  increases  enormoosly.  I  fit  eats  a  larger  amount,  it  may  "  put  on  flesh," 
when,  of  course,  it  requires  lo  eat  more  to  maintain  itself  in  this  condition,  until  the  limit  of  its  digei- 
tive  capacity  i»  reached.  If  a  wrll-nourixhed  dog  xs  feil  on  less  than  ,/-  to  j'^  of  tis  body  weight  of 
tlesb.it  uses  i^art  of  it^  own  fat  and  muKlc,  gradually  diminishes  in  weight,  and  ultimAtcty  succumbs. 
PoorlT  fed,  oonniD6cul.ir  do^fi  are  unable  from  the  very  licginning  to  maintain  their  mcubolism  In 
eqailibrium  for  any  length  of  time  on  a  purely  flesh  diet,  as  they  must  eat  so  large  a  quantity  of  flesh 
thai  ihctr  digestive  orgaru  cannot  digest  it.  'I  he  herbivora  cannot  Uve  upon  flesh  (bod,  as  their 
digesiivt:  ap^Mratui  is  adapted  tolely  for  the  digestion  nf  vegetable  fuod. 

[The  proteid  metabolism  depends  (1)  on  the  amount  of  proteids  ingested, 
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for  the  great  mass  of  these  becomes  changed  into  circulating  albumin ;  (2)  opot» 
the  previous  condition  of  nutrition  of  the  organism,  for  we  know  that  a  certain 
amount  of  proteid  may  produce  very  different  results  in  the  same  individual  when' 
he  is  in  good  health,  and  when  he  has  suffered  from  some  exhausting  disease. 
(3)  The  use  of  other  foods,  e.  ,f.,  fats  and  carbohydrates.  If  a  certain  amount 
of  fat  be  added  to  a  diet  of  flesh,  much  less  flesh  is  required,  so  that  the  N  meta- 
bolism is  reduced  by  fat.  This  is  spoken  of  as  the ' '  albumin-sparing  action  ' ' 
of  fats.] 

Exactly  the  same  result  occurs  with  other  forms  of  proteids,  as  with  flesh. 
It  has  been  proved  that  gelatin  may  to  a  certain  extent  replace  proteids  in  the 
food,  in  the  proportion  of  a  of  gelatin  to  i  of  albumin.  The  carnivora,  which  can 
maintain  their  metabolism  in  equilibrium  by  eatmg  a  large  amount  of  flesh,  can 
do  so  with  less  flesh  when  gelatin  is  added  to  their  food.  A  diet  of  gelatin  alone, 
which  produces  much  urea,  is  not  sufficient  for  this  purpose,  and  animals  soon  lose 
their  appetite  for  this  kind  of  food. 

[Gelatin.— Voit  has  shown  iliat  gelatin  rendily  undergoirs  melaboliun  in  the  body  and  forms  Drea, 
And  if  a  small  quantity  be  taken,  it  is  completely  and  rapidly  metabolized.  When  administered  it 
acts  just  like  fatft  snd  catlwhydrates,  ».%  an  "  nUmmin  sparing  "  »uli>tance.  It  seetns  that  gelatin  is 
not  available  directly  for  the  growth  and  repair  of  lisiues.]  Owing  to  the  great  solubility  of  gelatin, 
its  value  as  a  food  used  to  he  gieatly  iliscuxscd.  The  addition  of  gelatin  in  the  form  of  calf 's-foot 
jelly  is  rccomrncndcd  to  invalids.  [When  a  large  amount  of  gdailn  is  given  as  food,  owing  to  the 
large  and  rapid  cxcictiou  of  urea,  the  latter  excites  diuresis.]  When  chondrin  is  given  along  with 
flesh  for  a  lime,  grape  sugar  is  found  in  the  urine. 

[The  Metabolism  of  Peptones. — Most  of  the  proteids  absorbed  into  the 
blood  are  previously  converted  into  peptones  by  the  digestive  juices.  It  has  been 
asserted,  more  especially  by  Briicke,  that  some  albumin  is  absorbed  unchanged 
{§  192,  4),  and  that  only  this  is  capable  of  forming  organic  albumin,  while  the 
jjeptones,  after  undergoing  a  reconversion  into  albumin,  undergo  decomposition 
as  such.  This  view  is  opposed  by  many  observers,  who  maintain  that  peptones 
perform  all  the  functions  of  proteids,  so  that  peptones,  with  the  other  necessary 
constituents  of  an  adequate  diet,  suffice  to  maintain  a  proper  standard  of  health.] 

239.   A  DIET   OF    FAT  OR   OF    CARBOHYDRATES.  — If  fat 

alone  be  given  as  a  food,  the  animal  lives  but  a  short  lime.  The  animal  so  fed 
excretes  even  less  urea  than  when  it  is  starvmg ;  so  that  the  consumption  of  fat 
limits  the  decomposition  of  the  animal's  own  proteids.  As  fat  is  an  easily  oxi- 
dized body,  it  yields  heat  chiefly,  and  becomes  sooner  oxidized  than  the  nitrogen- 
ous proteids  tvhich  are  oxidized  with  more  difficulty.  If  the  amount  of  fat  taken 
be  very  large,  all  the  C  of  the  fat  does  not  reappear,  e.  .^.,  in  the  COj  of  the 
expired  air ;  so  that  the  body  must  acquire  fat,  while  at  the  same  time  it  decom- 
poses proteids.  The  animal  thus  becomes  poorer  in  proteids  and  richer  in  fats  at 
the  same  time. 

[The  metabolism  of  fats  is  not  dependent  on  the  amount  of  fats  taken  with 
the  food.  I.  It  is  largely  influenced  by  ■work,  /.  if.,  by  the  activity  of  the  tissues, 
and  in  fact  with  muscular  work  CO,  is  excreted  in  greatly  increased  amount 
(§  127,  6).  2.  By  the  temperature  of  the  surroundings,  as  more  CO,  is  pro- 
duced in  the  cold  (§  214,  2),  and  far  more  fatty  foods  are  required  in  high  lati- 
tudes. In  their  action  on  the  ortjanism,  proteids  and  fats  so  far  op|M>sc  each 
other,  as  the  former  increase  the  waste,  and  therefore  oxidation,  while  the  latter 
diminish  il,  probably  by  affecting  the  metabolic  activity  of  the  cells  themselves 
{Bauer).  As  a  matter  of  fact,  fat  animals  or  persons  bear  starvation  better  than 
spare  individuals.  In  the  latter,  the  small  store  of  fat  is  soon  used  up,  and  then 
the  albumin  is  rapidly  decomposed.  For  the  same  reason  corpulent  persons  are 
very  apt  to  become  still  more  so,  even  on  a  very  moderate  diet.] 

When  carbohydrates  alone  are  given,  they  must  first  be  converted  by  diges- 
tion into  sugar.     The  result  of  such  feeding  coincides  pretty  nearly  with  feeding 
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with  fat  alone.  But  the  sugar  is  more  easily  burned  or  oxidized  within  the  body 
than  the  fat »  and  17  i)arls  of  carbohydrate  arc  equal  to  10  parts  of  fat.  Thus 
the  diet  of  carbohydrates  limits  the  excretion  of  urea  more  readily  than  a  purely 
fat  diet.  The  animals  lf>sc  flesh,  and  appear  even  to  use  up  part  of  their  own  fat, 
[The  metabolism  of  carbohydrates  also  serves  to  diminish  (he  proteid 
metabolism,  as  they  are  rapidly  burned  up,  and  thus  "spare"  the  circulating 
albumin.  But  Pettcnkofer  and  Voit  assert  that  they  are  rapidly  destroyed  in  the 
body,  even  when  given  in  large  amount,  so  Ihal  they  differ  from  fats  in  this 
respect.  They  are  more  easily  oxidized  than  fats,  so  that  they  are  always  con- 
sumed 5rst  in  a  diet  of  carbohydrates  and  fats.  By  being^  consumed  they  protect 
the  protcids  and  fats  from  consumption.] 

The  diTca  introduaion  of  grape  and  cane  sugar  into  the  blcwd  does  not  incremse  the  Bmonnt  of 
O  used,  but  the  amount  of  CO,  is  increased.  [The  doctrine  of  I.ielnjj.  that  the  oxygen  talicn  in  i» 
a  measure  of  the  meiabolic  processes,  is  refuicd  by  these  and  other  experiments.  It  would  Mcm 
that  fat  b  nnt  directly  oxidi/cd  l>y  O,  but  that  it  is  split  up  into  other  simpler  compoumls  which  are 
slowly  and  gradually  oxidized ;  in  fact,  fat  may  lessen  the  amount  of  O  taken  in,  as  it  diminishes 
wuie.] 

340.  FLESH  AND  FAT,  OR  FLESH  AND  CARBOHYDRATES. 

— An  amount  of  flesh  equal  to  ^  to  A  of  the  weight  of  the  body  is  required  to 
nourish  a  dog,  which  is  fed  on  a  purdy  flesh  diet;  if  the  necessary  amount  of  fat 
or  carbohydrates  be  added  to  the  diet,  a  smaller  quantity  of  flesh  is  required  {p. 
yoit).  For  100  parts  of  fat  added  to  the  flesh  diet.  245  parts  of  dry  flesh  or  227 
of  syntonin  can  be  dispensed  with.  If  instead  of  fats  carbohydrates  are  added, 
ihcn  100  parts  of  fat  ^  230  to  250  of  the  latter  {Hubner).  When  the  amount 
of  flesh  is  insufl^cicnt,  the  addition  of  fat  or  carbohydrates  to  the  food  always 
limits  the  decomposition  of  the  animal's  own  substance.  Lastly,  when  too  much 
flesh  is  given  along  with  these  substances,  the  weight  of  the  body  increases  more 
with  them  than  without  them.  Under  these  circumstances,  the  animal's  body 
puts  on  more  fat  than  flesh.  The  consumption  of  O  in  the  body  is  regulated 
by  the  mixture  of  flesh  and  non-nitrogenous  substances,  rising  and  falling  with 
the  amount  of  flesh  consumed.  It  is  remarkable  that  more  0  is  consumed  when 
a  given  amount  of  flesh  is  taken,  than  when  the  same  amount  of  flesh  is  taken 
with  the  addition  of  fat. 

It  Kcmi  that,  iiiitcad  of  Cu.  the  coneaponding  amount  of  fatty  acids  ha«  the  same  cflcct  on  the 
ndaUilicm.  [If  a  dog  be  fed  with  fany  acids  and  a  sufficient  amount  of  prntcid,  no  fatty  acids  are 
found  in  the  cfiyle,  while  fat  i*  farmed  syulhetically,  the  glycerin  fur  the  laite-r  probably  t>ciug  pro- 
duced in  the  body.]  Tliey  are  abs'trbed  as  an  emuhion  just  like  the  fats  When  so  absorbed,  they 
Mem  to  be  reconverted  into  fats  in  iheir  paisaj;e  from  the  intefiine  to  the  thoracic  duct  probably  by 
the  action  of  the  leucocytes  [J.  AfnnJk,  lytil),  [Glycerin  in  «mall  do»eft  has  no  eflcci  on  the  meta< 
boltsra  of  proteid,  tmt  in  large  doses  it  increase*  lU  it  is  consumed  in  the  body,  as  shown  \tj  eitperi- 
ments  00  the  rcniMralory  pnylucls,  and  it  prevents  a  certain  amount  of  fat  from  being  used  up. 
About  30  per  cent,  is  excreted  In  the  urine  [Ar-Huhink).] 

341.  ORIGIN  OF  FAT  IN  THE  BODY.— I.  Part  oi  the  fat  of  the 
body  is  derived  directly  from  the  fat  of  the  food,  /.  <?.,  it  is  absorbed  and  depos- 
ited in  the  tissues.  This  is  shown  by  the  fact  that,  with  a  diet  containing  a  small 
amount  of  albumin,  the  addition  of  more  fat  causes  a  deposition  of  a  larger 
amount  of  fat  in  liie  body  {v.  VqH,  Hofmann). 

fllofmann  starved  a  fat  dog  for  30  days  until  ill  its  fat  was  ofccd  up.  Me  fed  it  on  lard  and  a 
little  albumin  for  5  days  and  ihm  killed  it.  In  5  days  it  abf.orl)e<l  1S54  grms.  of  fat  and  254  grmi. 
of  altiumiii.  tl  added  to  its  t>ody  1.^53  |*rms.  of  fit ;  but  this  amount  could  not  l)e  formed  from  the 
proteid»  of  the  fi>od.  and  ihereAire  the  fat  must  have  come  fmm  the  fat  of  the  fowl.  Pettenknfcr 
and  Voit  arrived  at  ihc  same  result  in  another  way.  They  fed  dogs  on  ftsh  and  much  fai,  and  by 
their  respiration  apparatus  cMimjted  the  gaseous  iDCome  and  expendiiurc  ({  122).  AH  tkt  N  taJirn 
II*  rttipffitrtd  in  iht  ex^f/a,  but  Hct  alt  tht  C.  'ITic  amount  of  C  icrained  was  vety  large,  there- 
fore a  non-niirr^nous  residue  must  have  been  laid  tip  in  the  txidy,  and  it  could  only  be  hu,  as  ihii 
waa  ihc  only  wihsuncc  found  in  large  amount  in  the  body.     They  estinuiied  the  posWble  amounl  of 
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fat  tint  could  bfl  formed  from  llie  prDltidsi,  and  found  that  the  ■mount  »torcd  up  was  far  greater  than 
this;  so  ihnt  the  fit  of  the  food  must  have  been  stored  up  m  the  ituuM.] 

LcbedcfT  ibund  that  dogs,  which  were  starved  for  a  month,  »o  as  to  gei  rid  of  all  their  ova  fai,  on 
l>cing  fcfl  with  Iinsec<l  oil,  or  inutlon  suet  ami  flesh,  h»d  these  fats  restored  to  their  ti**ues.  The*r 
fat*,  therefore,  must  have  been  absorbed  and  deposited-  J.  Munk  fuund  the  same  on  feeding  nniniats 
with  rape-seed  oil.  Fatty  acid;*  may  aUo  contribute  to  the  famiatiun  of  tils,  as  glycerin  when 
formed  in  the  body  miLSi  lie  stored  up  during  metabolism  {J.  A/uni). 

Fatty  acidii  may  contribute  to  the  formation  of  fats  by  union  with  the  glycerin  of  the  body  during 
the  metabolism. 

II.  A  second  source  of  the  fats  is  nlbuminous  bodies.  In  the  case  of  the 
fornnation  of  fats  from  proteids,  which  may  yield  ir  percent,  of  fat  (according 
to  Henneberg  loo  parts  of  dry  albumin  can  form  51,5  parts  of  fat),  these  proteids 
split  up  into  a  non-nitrogenous  and  a  nitrogenous  atomic  compound.  The  former, 
during  a  diet  containing  mmch  albumin,  when  it  is  not  completely  oxidized  into 
CO,,  and  H,0,  is  the  substance  from  which  the  fat  is  formed — the  latter  leaves 
the  body  oxidized  chiefly  to  the  stage  of  urea. 

Examples. — Thai  /a/s  are  f»rmtd  from  prattidi  is  shown  by  tlie  following :  I.  A  cow  which 
produces  I  lb.  of  butler  daily  doe**  uot  lake  nearly  this  amount  of  fatty  matter  in  its  food,  w  that 
llic  fat  would  appear  to  be  formed  from  vegetable  proteids.  2,  Carnivora  giving  suck,  when  fed  on 
plenty  of  Hcsh  and  some  fat.  yield  milk  rich  in  fat.  3.  Dogs  fed  with  plenty  of  fiesh  and  some  fat, 
add  mure  fat  lo  ibeir  bodies  than  the  fat  contained  in  ttie  food.  4.  I'ntty  degeneration,  t.g.^  of 
nerve  and  muscle,  is  dnc  tn  a  decomposition  of  proteids.  5.  The  tmniformaiion  of  entire  bodies, 
t.e.^  such  as  have  Iain  fjr  n  long  time  surrounded  with  water,  into  a  mas&  consisting  almost  entirely 
of  palmitic  acid  or  adipocere  is  al»o  a  proof  of  the  tran.sformation  of  [lart  of  the  proteids  into  fats. 
6.  Fungi  are  also  able  lo  form  fat  from  albumin  during  their  growth.  [7.  In  starving  dogs,  Bauer 
estimated  the  N  and  <~0,  given  otT,  and  ()  taken  in,  and  then  slowly  |)oisoned  Ihcm  with  pho«])hnrus, 
and  he  found  that  the  excretion  of  N  was  increased  twofold,  while  the  excretion  ol  tl^tj,  and  the 
absorption  of  O  were  diminished  one-half.  Therefore  from  a  large  amount  of  nitrogenous  tissue,  a 
nitrogenous  Imdy  and  a  small  amount  of  a  carbonaceous  cam|x>und  were  excreted,  while  a  large 
amount  of  a  non-nitrogenous  residue  was  retained  unconsumcd.  There  was  falty  degeneration  of 
all  the  organs,  the  fat  being  derived  from  the  non-nitrogenous  part  of  the  proteid.  The  aame 
obtains  with  arsenic  and  antimony.] 

Fata  not  merely  absorbed. — Experiments  which  go  to  show  that  the  fat  of  animals,  during 
the  fattening  process,  is  not  aljsorbed  as  such,  from  the  foo<l,  arc :  I.  Fattening  occurs  with  rtcsh 
and  suaps;  it  is  movt  improbable  that  the  soaps  arc  transformed  into  neutral  fats  by  taking  up  gly- 
cerin and  giving  np  alkali.  2.  If  a  lean  dog  Ijc  fed  with  flesh  and  palmitin-  and  slearin-toda  soap, 
the  fat  of  its  body  contains,  ui  addition  to  p^ilmitin  and  stearin,  o!tin  fat,  so  that  the  last  must  be 
fonned  by  the  oi^anism  from  the  proteids  of  the  flesh.  Further,  .Ssubotin  found  that,  when  a  lean 
dog  was  fed  on  lean  meal  and  spermaceti  frt,  avcry^mall  amount  of  the  latter  \«a<^  found  in  the  fat 
of  the  nnimil.  Altliuugh  these  cxiJcrimcnL*;  show  that  the  fat  of  the  Imdy  must  be  formed  from  the 
decomposition  of  proteids,  they  do  not  prove  that  all  the  fat  ari.^9  in  this  way.  and  that  none  of  it 
is  absorbed  and  rcde{X)siled  (J  241,  1). 

III.  According  to  v.  Voil,  no  fat  is  formed  in  the  body  directly  from  carbo- 
hydrates, 1'.^,,  by  reduction.  As  fattening  occurs  on  a  diet  of  pure  flesh  with 
the  addition  of  carbohydrates,  it  is  assumed  that  the  carbohydrates  are  consumed 
or  oxidized  in  the  body,  and  that  thereby  a  non-nitrogenous  body  derived  from 
the  proteids  is  prevented  from  being  burned  up,  and  that  it  is  changed  into  fat, 
and  stored  up  as  such.     No  doubt  fat  is  formed  indireclly  in  the  blood  in  this  way 

(§  240).  .  . 

From  experiments  upon  fattening  animals,  however,  Lawes  and  Gilbert,  Leh- 
mann,  HeitJen,  v.  Wolff,  and  others,  think  they  are  entitled  to  conclude  that  the 
carboliydratcs  absorbed  are  dirfctiy  concerned  in  the  formation  of  fats,  a  view 
which  is  sup|K>rtcd  by  Henneberg,  B.  Schul/e,  and  Soxhlcl,  According  to  Pasteur, 
glycerin  (the  basis  of  neutral  fats)  may  be  formed  from  carbohydrates. 

[Tschcrwinsky  fed  two  similar  pigs  from  the  same  litter;  No.  I  weighed  7^100  grms. ;  No,  U 
7290  grms.  No.  T  was  killed  and  its  fat  and  pralcid.<i  estimated.  No.  tl  wa5;  led  for  four  monthl 
on  grain  and  then  killed,  the  grain  and  excreta  .-vnd  the  undigcMcd  (at  and  proteids  were  analysed, 
so  that  the  amouut  of  (at  and  pruteid  absorbed  in  four  months  was  csiinuiiril  Thp  pig  ihcii 
weighed  24  kilos.,  it  was  killed  and  its  fat  and  (jroteids  estimated. 
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Na  II  coDtAbed  2.50  kilos,  albumin  aind  9.35  kilcw.  fit. 
No.  I  "       0.96    "  "  a69     "      " 


AAtiiuilated.  1.56 

Taken  in  in  food,  7.49 

rHfTercDCe,       —  5.93 


8.56 
0.66 

+  7.90 


ere  were  therefore  7.90  kilos  of  fat  tn  the  body  which  could  not  be  accounled  for  tn  the  fat  of 
the  food.  The  5.93  ki]o&.  of  albumin  of  the  food  which  were  not  assimilated  as  albumin  could 
yield  unly  a  §niall  part  of  the  7.90  kilos  of  fat,  so  that  at  least  5  kilos,  of  fat  must  have  been 
farmed  fmm  carbohydrates.  Ljtwes  and  Uilbert  calculated  that  40  per  ceiii.  of  the  Jiit  in  pigs  was 
derived  from  carliohydnles.  Hov  the  carbohydrates  are  changed  into  fat  in  the  body  is  entirely 
unknown.] 

Fonnerly  it  was  believed  that  bees  could  prepare  wax  from  honey  alaoe ;  this  is  a  mistake— an 
equivalent  of  albumin  is  required  in  addition— the  necessary  amount  it  found  in  the  raw  honey  itseIC 

342.  CORPULENCE  — The  addition  of  too  much  fat  to  the  body  is  a  paiboloEical  phenome* 
noo  which  is  atlcndcd  with  di.sa^rceable  cun!vci|uences.  With  re{;ard  to  the  causes  of  obesity, 
without  douk  there  is  an  inherited  tendency  (in  33  10  $6  per  cent,  of  the  cases)  in  many  finulies 
— and  in  some  breeds  of  cattle,  to  lay  up  Tot  in  the  body,  while  other  families  may  l>e  richly  supplied 
with  fat,  and  yet  remain  lean.  The  chief  cause,  however,  is  taking  too  much  food, /.  ^.,  more 
than  the  amount  required  for  the  normal  metabolism ;  corpulent  people,  in  order  to  maintain  ibcir 
bodies,  mu^t  eat  absolutely  and  relatively  more  than  persons  of  spore  habit,  under  analogous  condi- 
tions of  nutrition  (^  256). 

Conditions  favoring  Corpulence. — (i)  A  diet  rich  in /ro/ftWi,  with  a  corresponding  addition 
of  /a/  or  (•itt>ohy>iratfs.  As  flesh  or  muscle  is  formed  from  prolcids,  nnd  part  of  the  fat  of  the  l>ody 
is  also  formed  from  albumin;  the  asaumption  that  (aXs  niul  carlx>hydnitcs  fatten,  or,  when  taken 
alone,  act  as  fattening  agents,  is  completely  without  funndolion.  (2)  Diminished  Uisintegratitm  of 
materials  within  ibe  body,  r..^.,  {a)  diminished  muscular  activity  (much  sleep  and  Ultlr  exercise); 
(^)  a^tsgatioH  of  thr  sexual  /unrtioMs  (as  is  shown  hy  the  rapid  fattening  01  caMraied  animals,  at 
well  as  by  ihe  fact  that  »omc  women,  after  cessation  of  the  menses,  readily  become  corpulent);  (r) 
dimimisMed  mental  activity  fihe  obe«ly  ai  dementia],  phlegmatic  temperament.  On  the  contrary, 
vigorous  mental  work,  excitable  temperament,  care  and  sorrow,  counteract  the  defiosii  of  fat:  (</) 
diminished  extent  ef  the  respiraiory  activity.,  as  occurv  when  there  is  n  great  dqx»4.ilion  of  fat  in  the 
abdomen,  limiting  the  action  of  the  diaphragm  (breathlcssness  of  corpulent  people),  whereby  the 
combuitkm  of  the  fatty  matters  which  become  deposited  in  the  body  is  limited ;  {e)  a  corpulent  per* 
son  requires  to  use  relatively  lets  heat gix'ing  substances  in  his  body,  portly  because  be  gives  06"  rela-' 
tively  less  heal  from  his  compact  body,  than  is  done  )yy  a  slender,  long-bodicd  individual,  and  partly 
because  the  thick  layer  of  fat  retards  Ibe  conduction  of  heat  (\  214,  4).  Thus,  corresponding  to 
the  rclaiivcly  (liminishcd  production  of  heat,  more  fat  may  he  stored  up;  (/)  a  diminuriim  of  the 
red  hlood  corpuscles,  which  arc  the  great  excilt'n>  of  oxidaliun  in  the  body,  i»  gcntrrally  followed  by 
an  increase  of  fat — fat  people,  as  a  rule,  are  fat  because  they  have  relatively  le»»  blood  (§  4I) — 
women  with  fewer  red  blood  corpuscles  are  usually  fatter  tluui  men;  [g)  ibe  comumptian  of  aUohut 
favorv  ihe  conservation  of  fst  in  the  body,  the  akobol  is  easily  oxidized,  and  thus  prevents  the  fat 
from  being  burned  up  {\  235). 

Disadvantages. — Bc^des  the  inconvenience  of  the  great  size  and  weight  of  the  body,  corpulent 
people  suffer  from  breath lessness — they  are  easily  fatigued,  aie  liable  to  imeringo  between  the  folds 
of  the  skin,  the  heart  liecomcs  loaded  with  fat.  and  they  not  unfrequenlty  lU'c  subject  to  apoplexy. 

In  order  to  counteract  corpulence  we  ought  to  ( 1 )  Kedute  uniformly  all  articles  tf  diet.  The 
diet  and  body  ought  to  be  wcigbtxl  fioni  week  to  week,  and  as  lung  as  there  is  no  diminution  in  tbc 
body  weight  the  amount  of  food  ought  to  l>e  gradually  and  uniformly  reduced  (ootwitbstanrling  the 
ap|)ctitc).  This  must  be  done  very  gradually  and  not  suddenly.  A  moderate  reduction  of  fat  and 
carlxihyd rales  in  a  nomul  diet,  at  the  same  lime  leads  tn  a  diminution  of  the  fat  of  the  body  itxif. 
Let  a  person  who  is  capa)>le  of  muscular  exeition  lake  156  grms.  proi<id,  43  gmu.  fat.  and  1 14 
pma.  carbohydrates;  Iml  in  those  where  onngcslions,  bydncroia,  breathlessneaa  have  taken  place, 
take  170  grms.  prulcid,  25  grm^.  fat,  and  70  grms.  carbohydrates  (Oer/el).  It  is  not  advisable  to 
limit  the  amount  of  fnt  and  carbohydrates  alone,  as  is  done  in  the  Banting  cure  or  Itontingism. 
Apan  altogether  from  the  fact  that  fat  1%  forme<l  fmm  proieids,  if  too  little  oon-niirrigenoui'  food  be 
taken,  severe  disturbance  of  the  bodily  mclaboH'tn  is  apt  to  occur,  ^2)  It  is  advLsiit<le  during  the 
chief  meal  to  limit  llie  consumption  of  fluids  of  all  sort«  (even  until  three-quarters  of  an  hour  there- 
after), and  thus  render  the  absorption  and  digestive  activity  of  the  intestine  less  active  [Oerfel), 
(3)  The  mstitstlar  a ctit-itv  ooQht  to  be  greally  developed  by  doing  plenty  of  muscular  work,  or 
takits  plenty  of  exerci^,  iMh  physical  and  mental.  (4)  Favor  the  evolution  of  heat  by  taking 
"wuhs  of  considerable  duration,  and  afterw  ard  rubbing  the  skin  strongly  so  as  to  cause  it  to 
"mI:  furttier,  dress  lightly,  and  at  nighl  use  Ughl  Iwd-clolhing:  tea  and  coffee  are  useful,  ai 
the  circulation.     (5)  I'se  gentle  laxatives;  acid  fruits,  cider;  alkaline  carbonates  (of 
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Marienbad.  CarUbiul,  Vicliy.  Neucnahr,  Eim,  etc.]  act  bj  increasing  the  intestinal  evBctudoos  mnd 
tliminiisbinf;  nb»>r|i4ion.  (6)  If  from  accumulation  of  fal  there  is  danger  or  failure  of  the  htarl'c 
action,  Ocriel  rcconimeirds  hill  climbing,  whereby  the  cardiac  muscle  is  exercised  and  strengihened. 
At  llic  same  lime  the  circulation  Inrcome*  more  lively  imd  the  melaboUsm  is  increased. 

I  Oertel's  Method  goes  ou  the  idea  of  strengthening  the  cardiac  niuscutatiire,  uhicb  is  sought 
to  ite  accompli:itied  by  ( I)  limiting  ihc  ainouiu  of  Iluid&  canKumet],  and  {2)  carefully  regulated  mus- 
cular exerrion.  The  amoimt  of  food  is  6rsl  reduced  one-half,  and  the  water  to  o  still  lower  amount, 
while  the  nitrogenous  clement-^  in  food  are  increased,  the  non  nitrogenous  are  decreased.  Tlic  pep- 
sin is  then  instructed  lo  talce  exerciRc  under  cenain  medical  precautions,  first  on  level  ground^  and 
then  on  gradually  increasing;  gradients.] 

Fatty  Degeneration. — The  proccM  of  fattening  consists  in  the  deposition  of  drops  of  fal  within 
the  fat  cells  of  the  panniculus  and  around  the  viscera,  as  well  as  in  ibe  marrow  of  bone  (t:ut  Ihej 
are  never  dc]H>-^ilcd  in  the  •iiibcutaneaus  tissue  of  lUc  eyelids,  of  the  [>enis,  of  the  red  i>art  of  the 
lips,  in  the  ears  and  nose).  This  is  quite  different  from  the  fatty  atrophy  or  fatty  degeneration 
which  occurs  in  the  farm  of  fitly  gtubules  or  granules  in  albuminous  tissues,  f,g.,  in  muscular  libres 
Ihean).  gland  cells  (liver,  kidney),  canilage  cells,  lymph  and  pus  corpuscles,  as  well  as  in  nerve 
nbres  separated  from  their  nerve  centres.  The  fat  in  these  cases  is  derived  from  albumin,  much  in 
the  same  way  as  fat  is  fonucd  ui  the  gland  cells  of  the  mammary  and  ^ebaceoub  glands.  Marked 
£itty  degeneration  not  unfrequently  occurs  after  Mvere  fevers,  and  after  artificial  heating  of  the 
tissues;  when  a  loo  small  amount  of  O  is  supplied  to  the  liuues,  as  occurs  in  cases  of  phosphorus 
poisoning  {/iaufr)  \  in  drunkards;  after  poiMining  wiih  arsenic  and  oiher  sultsunces,  and  after  some 
disturbances  of  the  circulation  and  ionervaiion.  Some  organs  are  especially  prone  to  undergo  fattf 
d^eneraiion  during  the  course  of  certain  diseases. 

243.  METABOLISM  OF  THE   TISSUES.— The   blood   stream  is 

the  chief  medium  wiiereby  new  material  is  supplied  to  Ihc  tissues  and  the  effete 
products  removed  from  ihcm.  The  lymph  which  passes  through  the  thin  capil- 
laries comes  into  actual  contact  with  the  tissue  elements.  Those  tissues  which  are 
devoid  of  blood  ves-^ls  in  their  own  substance,  such  as  the  cornea  and  cartilage, 
receive  nutrient  fluid  or  lymph  from  the  adjacent  capillaries,  by  means  of  ihcir 
celhilar  elements,  which  act  as  juice-conducting  media.  Hence,  when  the  normal 
circulation  is  interfered  with,  by  atheroma  or  calcification  of  the  walls  of  the 
blood  vessels,  these  tissues  are  secondarily  affected  [this,  for  example,  is  the  case 
in  arcus  senilis  of  the  cornea,  due  to  a  fatty  degeneration  of  the  corneal  tissue, 
owing  to  some  affection  of  the  blood  vessels  on  which  the  cornea  depends  for  its 
nutrition].  Total  compres.sion  or  ligature  of  a/i  the  blood  vessels  results  in 
necrosis  of  the  parts  supplied  by  the  ligatured  blood  vtssels. 

Atrophies  caused  by  diminution  of  the  normal  supply  of  blood,  gradually,  io  the  course  of  lime 
became  less  and  less  {Samuf/). 

Hence,  there  must  be  a  double  current  of  the  tissue  juices;  the  afferent  or 
supply  current,  which  supplies  the  new  material,  and  the  efferent  stream, 
which  rem&ves  the  effete  products.  The  former  brings  to  the  tissues  the  proieids, 
fats,  carbohydrates,  and  salts  from  which  the  tissues  are  formed.  It  is  evident 
that  any  interruption  of  the  arterial  supply  to  the  tissues  will  diminish  this  supply. 

That  such  a  current  exists  is  proved  by  injecting  an  indilfcrent,  easily  recognizable  substance  into 
the  blrtod,  t.g;  ftotassium  fctrocyanide,  when  ils  presence  may  be  detected  in  the  tissnes,  to  which 
it  has  been  carried  by  the  outgoing  ciurent. 

The  efferent  stream  carries  away  the  decomposition  products yrt^w  the  various 
tissues,  more  especially  urea,  COj  H^O,  and  salts,  and  these  are  transferred  as 
quickly  as  possible  to  the  organs  through  which  they  are  excreted. 

That  such  a  current  exists  is  proved  by  injecling  such  a  substance  as  potassium  fetrtxr^'anide  into 
the  tissues,  e.  ^.,  subcutaneously,  when  its  presence  may  be  delected  in  the  urine  within  two  to  6ve 
minutes. 

If  the  current  from  the  tissues  to  the  blood  is  so  active  that  the  excretory  organs 
cannot  eliminate  all  the  effete  products  from  the  blood,  then  these  products  are 
found  in  the  tissues.  When  certiiin  poisons  are  injected  subcutaneously,  they  pass 
rapidly  into  the  blood  and  are  carried  in  great  quantity  to  other  tissues,  e.  g.,  to 
the  nervous  system,  on  which  they  act  with  fatal  effect,  before  they  are  eliminated 
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to  any  great  extent  from  the  blood  by  the  action  of  the  excretory  organs.  The 
effete  materials  arc  carried  away  from  the  tissues  by  hvo  channels,  viz.,  by  the 
veins  and  by  the  lymphatics,  so  that  if  these  be  interfered  with,  the  metabolism 
of  the  tissues  must  also  suffer.  When  a  lirab  is  ligatured  so  as  to  compress  the 
veins  and  the  lymphatics,  the  efferent  stream  stagnates  to  such  an  extent  that  con- 
siderable swelling  of  the  tissues  or  oedema  may  occur  (§  203).  The  action  of  the 
muscles  and  fascix  are  very  important  in  removing  these  effete  matters. 

H.  NosK  round  thiU  the  hlixMl  of  the  jugiiUr  vein  is  0.325  per  1000  spectlically  heavirrihiui  the 
blood  or  the  carotid,  aiid  contuDs  0.9  parts  per  looo  more  solids ;  1000  cubic  centimeircs  of  bkxid 
circulating  through  (be  head  yield  about  5  cubic  ccntimctro  of  transudation  into  the  tiMues. 

The  extent  and  intensity  of  the  metabolisra  oi  the  tissues  depend  upon  a 
variety  of  factors. 

1.  Upon  their  activity. — The  increased  activity  of  an  organ  is  indicated  by 
the  increased  amount  of  blood  going  to  it,  and  by  the  more  active  circulation 
through  it  (§  100).  When  an  organ  is  completely  inactive,  such  as  a  paralyzed 
mtiscle,  or  the  peripheral  end  of  a  divided  nerve,  the  amount  of  blood  and  the 
nutritive  exchange  of  fluid  diminish  within  these  parts.  The  pans  thus  thrown 
out  of  activity  become  pale,  relaxed,  and  ultimately  undergo  fatly  degeneration. 
The  increased  metabolism  of  an  organ  during  its  activity  has  been  proved  experi- 
mentally in  the  case  of  muscle,  and  [0  263)  also  in  the  brain  {Speck)\  I^ngley 
and  Sewell  have  recently  olwerved  directly  the  metabolic  changes  within  suffi- 
ciently thin  lobules  of  glands  during  life.  The  cells  of  serous  glands  (§  143), 
and  those  of  mucous,  and  pepsin-forming  glands  (§  164),  during  quiescence, 
become  filled  with  coarse  granules,  which  are  dark  in  transmitted  light  and  white 
in  reflected  light,  which  granules  are  consumed  or  disappear  during  granular 
activity.  During  sleep,  when  most  organs  are  at  rest,  the  metabolism  is  limited, 
darkness  also  diminishes  it ;  while  light  excites  it,  obviously  owing  to  nervous 
influences.  The  variations  in  the  total  metabolism  of  the  body  are  reflected  in 
the  excretion  of  CO,  (§  127,  9)  and  urea  ($  257),  which  may  be  expressed  graph- 
ically in  the  form  of  a  curve  corresponding  with  the  activity  of  the  organism  ; 
this  curve  corresponds  very  closely  with  the  daily  variations  in  the  respirations, 
pulse,  and  temjKTature  (p.  374). 

2.  The  composition  of  the  blood  has  a  marked  effect  upon  the  current  on 
which  the  metabolism  of  the  tissues  depends.  Very  concentrated  blood,  which 
contains  a  small  amount  of  water,  as  after  profuse  sweating,  severe  diarrhoea, 
cholera,  makes  the  tissues  dry,  while  if  much  water  be  absorbed  into  the  blood, 
the  tissues  become  more  succulent  and  even  oedema  occur.  When  much  common 
salt  is  present  in  the  blood,  and  when  the  red  blood  corpuscles  contain  a  dimin- 
ished amount  of  O,  and  especially  if  the  latter  condition  be  accompanied  by 
miLscular  exertion  causing  dyspncea,  a  large  amount  of  albumin  is  decomposed, 
and  there  is  a  great  formation  of  urea.  Hence,  exposure  to  a  rarefied  atmosphere 
is  accompanied  by  increased  excretion  of  urea.  Certain  abnormal  conditions  of 
the  blood  produce  remarkable  results ;  blood  charged  with  carbonic  oxide  cannot 
absorb  O  from  the  air,  and  does  not  remove  CO,  from  the  tissues  (§  16).  The 
presence  of  hydrocyanic  acid  in  the  blood  {§  16)  is  said  to  interrupt  at  once  the 
chemical  oxidation  processes  in  the  blood,  so  that  rapid  asphyxia,  owing  to  cessa- 
lion  of  the  //i/^rfla/ respiration,  occurs.  Fermentation  is  interrupted  by  the  same 
substance  in  a  similar  way.  A  diminution  of  the  total  amount  o(  the  blood  causes 
more  fluid  to  pass  from  the  tissues  into  the  blood,  but  the  absorption  of  sub- 
stances— such  as  }>oisons  or  pathological  effusions — from  the  tissues  or  intestines  is 
delayed.  If  the  substances  which  pass  from  the  tissues  into  the  blood  be  rapidly 
eliminated  from  it,  absorption  takes  place  more  rapidly. 

3.  The  blood  pressure,  when  it  is  greatly  increased,  causes  the  tissues  to  con- 
tain more  fluid,  while  the  blood  itself  becomes  more  concentrated,  to  the  extent 

K  of  3  to  5  per  1000.     We  may  convince  ourselves  that  blood  plasma  easily  posses 


416 


REGENERATION   OF  ORGANS  AND   TISSUES, 


through  the  capillary  wall,  by  pressing  upon  the  efTercnt  vessel  coming  from  the 
chorium  deprived  of  its  epidermis,  e,  g.,  by  a  burn  or  a  blister,  when  the  surface 
of  the  wound  becomes  rapidly  sufftised  with  plasma.  Diminution  of  the  blood 
pressure  produces  the  opposite  result.  The  oxidation  processes  in  the  body  arc 
diminished  after  the  use  of  P,  Cu,  ether,  chloroform,  and  chloral. 

4.  Increased  temperature  of  the  tissues  (several  hours  daily)  does  not 
increase  the  breaking  u])  of  albumin  and  fats.     (See  §§  220,  221,  225.) 

5.  The  influence  of  the  nervous  system  on  the  metabolism  is  twofold.  On 
the  one  hand,  it  acts  indirectly  through  its  effect  upon  the  blood  vessels,  by  caus- 
ing them  to  contract  or  dilate  through  the  agency  of  vasomotor  nerves, 
whereby  it  influences  the  amount  of  blood  supplied,  and  also  affects  the  blood 
pressure.  Hut  quite  independently  of  the  blood  vessels,  it  is  probable  that  certain 
special  nerves — the  so-called  trophic  nerves — influence  the  metabolism  or  nutri- 
tion of  the  (issues  (§  342.  c).  That  nerves  do  influence  directly  the  transforma- 
tion of  ntaiter  within  the  tissues  is  shown  by  the  secretion  of  saliva  resulting  from 
the  stimulation  of  certain  nerves,  after  cessation  of  the  circulation  (§  145).  and  by 
the  metabolism  during  the  contraction  of  bloodless  mtoscles.  Increased  respiration 
and  apncca  are  not  followed  by  increased  oxidation  (^Pfiiig^r)  (§  127,  8). 

[Gaskell  hns  raised  the  question  as  to  the  existence  of  katabolic  and  anabolic  nerves  controlling 
respectively  ihe  analytic  and  syiithdic  medtboli^oi  of  the  ti&»iie&.] 

244.  REGENERATION. — The  extent  to  which  lost  parts  are  replaced  varies  greatly  in  diflercnt 
organs.  Amon^  tlie  hywer  itftiwa/s,  the  pArts  of  organs  arc  replnc«l  to  a  far  greater  extent  than 
among  wa-m.blootl«i  animnls.  When  a  hydra  is  divided  inia  Iwo  parts,  each  part  forms  a  new  indi- 
vidual— nay,  if  the  body  of  thr  animal  W  divided  into  M-vrral  part'«  in  a  particular  way.  then  each  part 
gives  ri^e  tu  a  new  iodividual  \SfitU<mz>ini).  The  I^anariaiis  also  »huw  a  f;rcal  capaliility  of  repro- 
ducing lost  parts  i^Du^is).  Spiden  and  cralM  can  reproduce  lo«t  fccler-t,  limln,  and  claws  ;  snaiU, 
pari  of  the  head,  feelers,  and  eyes,  provided  the  centra)  ner%'ous  system  is  not  injured.  Many  hshes 
re})roduce  fins,  even  the  toil  tin.  Salatnonden;  and  lizards  can  produce  an  entire  tail,  including  lioncs, 
muscles,  and  even  the  posterior  part  of  ihc  «pinnl  cord  ;  while  the  triton  reproduces  an  am|>utaied 
limb,  the  lower  jaw,  and  the  eye.  Ilii^  reproduction  nccessi(ate&  that  a  small  stump  be  left,  while 
total  extirpation  of  the  parts  pre»cnls  reproduction.  In  amphibians  and  reptiles  the  regeneration  of 
organs  and  tii.sue5,  as  a  whole,  ta.kcs  place  after  the  type  of  the  eml^iyoiuc  development,  and  the  same 
i$  true  as  regards  the  histological  prDcesae«  which  occur  in  the  regenerated  tail  and  other  parts  of  the 
body  of  the  earth-worm. 

The  extent  to  which  regeneration  can  take  place  in  mammals  and  in  man  is 
very  slight,  and  even  in  these  cases  it  is  chiefly  confined  to  young  individuals.  A 
true  regeneration  occurs  in — 

1.  The  blood,  including  the  plasma,  the  colorless  and  colored  corpuscles.  (§  7 
and  §  41.) 

2.  The  epidermal  appendages  (§  383)  and  the  epithelium  of  the  mucous 
membranes  are  re(>roduced  by  a  proliferation  of  the  cells  of  the  decider  layers  of 
the  epithelium,  with  simultaneous  division  of  their  nuclei.  Epithelial  cells  are 
reproduced  as  long  as  the  matrix  on  which  they  rest  and  the  lowest  layer  of  cells 
are  intact.  When  these  are  destroyed  cell  regeneration  from  below  ceases,  and 
the  cells  at  the  margins  are  concerned  in  filling  up  the  deficiency.  Regeneration, 
therefore,  cither  takes  place  from  below  or  from  the  margins  of  the  wound  in  the 
epithelial  covering;  leucocytes  also  wander  into  the  i>art,  while  the  dcc|icst  layer 
of  cells  forms  large  multi-nucleated  cells,  which  reproduce  by  division  polygonal 
flat  nucleated  cells.  [In  the  process  of  division  of  the  cells,  the  nucleus  plays  an 
important  part,  and  in  so  doing  it  shows  the  usual  karyokinetic  figures  (§  431").] 
The  nails  grow  from  the  root  forvvard ;  those  of  the  fingers  in  four  to  five 
tnonths.  and  that  of  the  great  toe  in  about  twelve  months,  although  growth  is 
slower  in  the  case  of  fracture  of  the  bones.  The  matrix  is  co-extensive  with  the 
/unu/t,  and  if  it  be  destroyed  the  nail  is  not  reproduced  (§  2S4).  The  eyelashes 
are  changed  in  100  to  150  days,  the  other  hairs  of  the  body  somewhat  more  slowly. 
If  the  papilla  of  the  hair  follicle  be  destroyed,  the  hair  is  not  reproduced.     Cut- 


REGENERATION   OF  OUGANS   AND  TISSUES. 


417 


ting  the  hair  favors  its  growth,  but  hair  which  has  been  cut  docs  not  grow  longer 
than  uncut  hair.  Afier  hair  has  grown  to  a  certain  k-ngth,  it  falls  out.  The  hair 
never  grows  at  its  apex.  The  epithelial  cells  of  mucous  membranes  and  secre- 
tory glands  seem  to  undergo  a  regular  aeries  of  changes  and  renewal.  The  presence 
of  secretory  cells  in  the  milk  (§  231)  and  in  the  sebaceous  secretion  (§  285)  proves 
this  ;  the  s|)ennatozoa  arc  replaced  by  the  action  of  spermatoblasts.  In  ca- 
tarrhal conditions  of  mucous  membranes,  there  is  a  great  increase  in  the 
formation  and  excretion  of  new  epithelium,  while  many  cells  are  but  indifferently 
formed  and  constitute  mucous  corpuscles.  The  crystalline  lens,  which  is  just 
modified  epithelium,  is  reorganized  like  epithelium  ;  its  matrix  is  the  anterior  wall 
of  Its  capsule,  with  the  single  layer  of  cells  covering  it.  If  the  lens  be  removed 
and  this  layer  of  cells  retamed,  these  cells  proliferate  and  elongate  to  form  lens 
fibres,  so  that  the  whole  cavity  of  the  empty  lens  capsule  is  refilled.  If  much 
water  be  withdrawn  from  the  body,  the  lens  fibres  become  turbid.  [A  turbid  or 
opaque  condition  of  the  lens  may  occur  in.diabetes,  or  af^er  the  transfusion  of 
strong  common  salt  or  sugar  solution  into  a  frog.] 

3.  The  blood  vessels  undergo  extensive  regeneration,  and  they  are  regene- 
rated in  the  same  way  as  they  are  formed  (§  7,  B).  Capillaries  are  always  the 
first  siaftc  and  around  them  the  characteristic  coats  are  added  to  form  an  artery 
or  a  vein.  When  an  artery  is  injured  and  permanently  occluded,  as  a  general 
rule  the  part  of  the  vessel  up  to  the  nearest  collateral  branch  becomes  obliterated, 
whereby  the  derivatives  of  the  endothelial  lining,  the  connective-tissue  corpuscles 
of  the  wall,  and  the  leucocytes  change  into  spindle-shaped  cells,  and  form  a  kind 
of  cicatricial  tissue.  Blind  and  solid  outshoots  are  always  found  on  the  blood 
vessels  of  young  and  adult  animals,  and  arc  a  sign  of  the  continual  degeneration 
and  rt^cneration  of  these  vessels.  Lymphatics  l)chave  in  the  same  way  as  blood 
vessels ;  after  removal  of  a  lymphatic  gland,  a  new  one  may  be  formed  (Bayer). 

4.  The  contractile  substance  of  muscle  may  undergo  regeneration  after  it 
has  become  partially  degenerated.  This  takes  place  after  amyloid  or  wax-like 
d^eneration.  such  as  occurs  not  unfrequenlly  after  typhus  and  other  severe  fevers, 
This  is  chiefly  accomplished  by  an  increase  of  the  muscle  cor]>usclcs.  After  being 
compressed,  the  muscular  nuclei  disappear,  and  at  the  same  time  the  conlractile 
contents  degenerate.  After  several  daj^s.  the  sarcolemma  contains  numerous  nuclei 
whit  h  reproduce  new  muscular  nuclei  and  the  contractile  substance.  In  fibres 
injured  by  a  subcutaneous  wound.  Neumann  foiuid  that,  after  five  to  seven  days, 
there  was  a  bud-like  elongation  of  the  cut  ends  of  ihe  fibres,  at  firbt  wltJiout  trans- 
verse striation.  but  with  striation  ultimately.  If  a  large  extent  of  a  muscle  be  removed, 
it  Is  replaced  by  cicatricial  connective  tisstic.  Non-striped  mu.S'  tilar  fibres  are  also 
reprottuced  ;  the  nuclei  of  the  injured  fibres  divide  after  bc<-'oming  enlarged,  and 
exhibit  a  well-nujkcd  inira-nuclcar  |>lcxns  of  fibrils.  The  nut  lei  divide  into  two, 
and  fromea'  h  of  these  a  new  fibre  is  formed,  probably  by  the  differentiation  of  the 
jjcrinuclear  protoplasm. 

5.  After  a  nerve  is  divided,  the  two  ends  do  not  join  at  once  so  as  to  permit  the 
function  of  the  nerve  to  be  established.  On  the  contrary,  marked  changes  occiu".  If 
a  piece  be  cut  out  of  a  ner^-e  trunk,  the  ijcripheral  end  of  the  divided  nerve  de- 
generates, the  axial  cylinder  and  the  white  substance  of  ScJiwann  disappear.  The 
internal  is  filled  up  at  first  with  juicy  ( ellular  ti^ue.  The  subsequent  changes  are 
fully  described  in  §  325,  4.  There  seems  to  be  in  peripheral  nerves  a  continual 
disappearance  of  fibres  by  fatty  degeneration,  accompanied  by  a  con,secntive  fomia- 
lion  of  new  fibres  (Sigm.  Mayer).  The  regeneration  of  ^xrripheral  ganglionic 
cells  is  unknown,  v.  Voit,  however,  observed  that  a  pigeon,  part  of  whose  brain 
was  removed,  had  within  five  months  reproduced  a  nervous  mass  within  the  skull. 
consisting  of  mcdullated  nerve  fibres  and  nerve  cells.  Eichlwrst  and  Naunyn  found 
that  in  yuung  dugs,  whose  spinal  cord  was  divided  between  the  don>al  and  lumbar 
regions,  there  was  an  aruitomical  and  ph>'siological  regeneration,  to  such  an  extent 
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that  voluntary  movements  could  be  executed  (§  3.^8.  ^).  Vatilair,  in  the  case  of 
frogs,  and  Masius  in  dogs,  found  that  mobility  or  motion  was  first  restored,  and 
afterward  sensibility.     Regeneration  of  the  spinal  ganglia  did  not  occur. 

6.  In  many  glands,  the  regeneration  of  their  celU  during  nonnal  activity  is  very 
active — .sebaceous,  mucous,  I-ieI>erkiihnian.  uterine,  mammary  glands  durinjj  I>r^- 
nancy — in  others  less.  If  a  large  [jortion  of  a  secretory  gland  Ik:  removcrl,  as  a 
general  rule,  it  is  not  reproduced.  A  jclaud.  if  Injured,  and  if  suppuration  follows,  is 
not  regenerated.  But  the  bile  ducts  ($  173)  and  the  pancreatic  dnrt  may  l»c 
reproduced  t§  171)-  According  to  rhilippeaiix  and  Griflini,  if  [art  of  the  spleen 
be  removed  it  is  reproduced  (§  103).  Tizzoni  and  Collucci  observed  the  formation  of 
new  liver  cells  and  bile  duels  afier  injury  to  the  liver  (^  1 73),  and  Pisenti  maks  the 
same  statement  as  regards  the  kidney.  After  mechanical  injury  to  the  secretory 
celU  of  glands  (liver,  kidney,  salivary,  Meibomian),  neighboring  cells  undergo  pro- 
liferation and  aid  in  the  rcsloration  of  the  cells. 

7.  Amorjg  connective  tissues,  cartilage,  provided  its  perichondritim  be  not 
injured,  reproduces  itself  by  division  of  its  cartilage  cells ;  but  usually  when  a  part 
of  a  cartilage  \^  removed,  it  is  replaced  by  cannettive  tissue. 

a.  When  a  tendon  is  divided,  proliferation  of  the  tendon  cells  occurs,  and  the 
cut  ends  are  united  by  connective  tissue. 

9.  The  reproduction  of  bone  takes  place  to  a  great  extent  under  certain  con- 
ditions. If  the  articular  end  be  removed  by  excision,  it  may  be  reproduced, 
although  there  is  a  considerable  degree  of  shortening.  Pieces  of  bone  which  have 
been  broken  off  or  sawn  off  heal  again,  and  become  united  with  the  original  bone. 
.•\  tooth  may  be  removed,  replanted  in  the  alveolus,  and  become  fixed  there.  !f 
a  piece  of  periosteum  be  transplanted  to  another  region  of  the  body,  it  eventu- 
ally gives  rise  to  the  formation  of  new  bone  in  that  locality.  If  part  of  a  bone  be 
removed,  provided  the  periosteum  be  left,  new  bone  is  rapidly  reproduced  ;  hence, 
the  surgeon  takes  great  care  to  preserve  the  periosteum  intact  in  all  operations 
where  he  wishes  new  bone  to  be  reproduced.  Even  the  marrow  of  bone,  when 
it  is  transplanted,  gives  rise  to  the  formation  of  bone.  This  is  due  to  the  osteo- 
blasts adhering  to  the  osseous  tissue. 

Tn  fracture  of  a  long  bone,  (he  penostcum  deposits  on  the  mrface  of  ihc  ends  of  (he  broken 
bone^  a  ring  of  sul>&iance  M-hicb  forms  a  lemporary  support,  the  external  callus.  At  fint  Ibis 
callus  is  jelly-like,  soft,  and  contains  mnny  corpuscles,  but  afterward  it  iKCnmes  more  v>Iid  and 
somewhat  like  cartilage.  A  similar  condition  occurs  witliin  the  bone,  where  ait  internal  callus  U 
formed.  'I'hc  form-ilion  of  this  temporary  callus  in  due  to  an  inilamn).ilnry  prolifcralion  of  the 
connective  I  issue  corpusclef .  and  p.irtly  to  the  osteoblasts  of  the  perioMeum  and  marrow.  According 
Id  Ki^  and  Vignal.  the  internal  callus  is  always  osseous,  and  is  derived  from  the  marrow  of  the 
bone.  The  outer  and  inner  callus  become  calcined  and  uliitnaiely  ossified,  «herrl>y  the  britken  ends 
are  reunited.  Toward  the  foiticth  day  a  ihiu  layer  of  bone  is  formed  (intennediary  callusi 
between  the  ends  of  the  bone.  VNIiere  this  begins  to  be  deRnilvly  ossified,  the  outer  and  inner  callus 
begin  to  be  absorbed,  aud  ultiuiately  the  intennediary  callus  has  tbe  same  structure  as  the  rest  of  tlie 
bone. 

There  are  many  inirresiing  observations  connected  with  the  growth  and  metabolism  of  bones. 
I.  Tbe  addition  of  a  very  small  amount  of  phvsfkorui  or  arseniaus  aitJ  to  the  food  cau»>es  ct^nMd- 
erable  thickening  of  the  bones.  This  seems  to  be  due  to  the  non-absorption  of  tlvjse  parts  of  the 
bones  which  are  mually  absorbed,  while  new  growth  is  conlinually  taking  place.  3.  When  food 
drvoid  »f  lime  salts  \m.  ^\fx\  to  an  animal,  the  growth  uf  tbe  bones  is  not  arrested,  but  Ibe  txjnes 
become  thinner,  wherdiy  all  pans,  even  the  organic  basis  of  the  bone,  ondergo  a  uniform  diminu- 
tion. T^.  Feeding  with  madder  makes  the  bones  red,  as  the  coloring  mailer  is  deposited  with  the 
bone  saltf  in  the  l)one.  especially  in  the  growing  and  last  formed  parts.  In  birds  the  shell  of  tbe  egg 
becomes  colored.  4.  Tlie  continued  use  of  l\irtit  tnid  dissolves  the  bones.  The  a»h  of  bone  is 
thereby  dimini&hed.  Iflime  sahs  l>e  withheld  at  the  same  time,  the  effect  is  ip^atly  increased,  10 
that  the  bones  come  to  resemble  rachitic  bones.     (Development  of  Bone,  \  447.) 

When  a  lost  tissue  is  not  replaced  by  the  same  kind  of  tissue,  its  place  is  always 
taken  by  cicatricial  connective  tissue. 

Wlien  ihis  xs,  the  c^*-^  the  jMirt  becomes  iriBamed  and  swollen,  owin^  to  an  exudaUoo  of  plasniK. 
The  blood  vessels  become  diUtcd  and  congested,  and,  notwithstanding  Ihe  slower  circulation,  the 
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lani  ofblnod  u  grMier.  The  blood  vessels  are  iDcreaaed,  owing  to  the  formalion  of  new  ones. 
CcWIeu  blood  corpuscles  pass  out  of  the  vessels  and  reproduce  themselves,  and  many  or  ihcm 
updrrgi*  faliy  dcgent-ration,  while  others  take  un  nutriment  and  iKrcome  converted  inlr»  laigc  uni- 
pudcAicd  protoplnsm  cells,  from  which  giant  cells  ore  developed.  The  newly  formed  blood  vessels 
supflr  «)1  these  elements  with  blood. 

145.  TRANSPLANTATION  OF  TISSUES.— The  nose,  car.  and  even  a  finger,  after 
luivii^  been  severed  from  tUc  Ixxly  by  a  clean  cut,  have,  under  certain  circumstances,  become  united 
to  the  part  Ironi  which  they  were  removed.  The  skin  is  frequently  transplanted  by  surgeons,  as.  for 
exitnple.  to  form  a  new  nose.  The  piece  of  skin  is  cut  from  the  forehcid  or  arm.  to  which  it  is  left 
attichcd  by  a.  bridge  of  ^kin,  ts  then  stitched  to  the  part  wbtcli  it  is  desired  to  cover  in,  and  when  it 
hoitKCnoie  attached  In  its  new  situation,  the  bridge  of  skin  is  severed.  Reverdin  cut  a  piece  of  skin 
iDia  pieces  about  the  size  of  a  pea  and  lixed  them  on  an  ulcerated  surface,  where  they,  as  it  were, 
toaV  mot,  grew,  and  sent  ofT  fiom  (heir  margins  epithelial  outgrowths,  so  that  ultimately  the  whole 
iutlice  was  covered  with  epiihchum.  [While  skin  transplanted  to  0  negro  ultimately  becomes  pig- 
metiicd,  and  black  skin  transplnntcd  to  a  while  person  becomes  white.]  The  excised  rpur  of  a  cock 
wMtmnspUnled  and  li^teil  in  the  comb  of  the  same  animal,  where  it  grew  [John  J/uniet ).  V.  Dert 
oA  off  the  tail  and  legs  of  rats  and  transplanted  them  under  the  skin  of  the  back  of  oilier  rats,  where 
liey  mited  with  the  ^joining  parts.  Oilier  found  that,  when  periosteum  was  (ransplantcd.  it  grew 
uhI  rrprodiiced  tiooe  in  its  new  stination.  Even  blood  and  lytnph  may  be  transfused  (Transfusion, 
\  102.)  [Smalt  portions  (1.5  mm.)  of  epiphyses,  costal  cartilage,  of  a  rabbit  or  kitten,  when  irnns- 
pttntei  quite  fresh  into  the  anterior  chamber  of  the  eye.  testis,  sub  maxillary  glanr^,  kidney,  and  under 
the  skin  of  a  rabbil,  attach  themselves  and  grow,  and  the  growth  is  more  rapid  ihe  more  vascular  the 
Mean  which  the  lissue  is  transplanted.  The  cartilage  is  r»ot  essentially  dinVreni  from  hyaline  car- 
tilsjfe.  hul  the  cells  are  fewer  in  the  centre,  while  the  matrix  tends  to  become  fibrous.  Small  pieces 
9I  cpi[>by?cal  cartilage  intnxtuccd  into  the  jugular  vein  were  found  as  cartilaginous  foci  in  the  lungs. 
Tisnia  tnnsplanied  firnm  embryonic  structures  grow  iar  better  than  adult  tissues.  If  a  portion  ol  the 
rantca  of  a  rabliit  l>e  transplanted  to  a  human  eye,  providnl  Desccmet's  membrane  be  clear,  it  will 
r*"*  iwl  remain  clear  {v.  flipptif).  A  rabbit's  nerve  has  been  transplanted  to  the  human  subject, 
W  without  success.] 

Many  of  ihcHc  results  seem  only  to  l>e  possible  Ixtween  indlvtdaals  of  the  samt  sptdeit  although 
lldferich  has  recently  f  und  that  a  piece  of  a  dog's  muscle,  when  substituted  for  human  mu.scle, 
wited  to  ll»c  adjt>ining  muscle,  and  became  funciinnally  active.  [J.  R.  Wolfe  has  transplanted  the 
<otiJDDcUva  of  the  rabbit  to  the  human  eye.]  Most  tissues,  iiowever,  do  not  admit  of  transplantation, 
*1-f  gl»D^is  and  the  sense  organs.  They  may  be  removed  to  other  parts  of  the  Ixjdy,  or  into  the  peri- 
iMWaJ  cavity,  without  exciting  any  inflammatorj-  reaction ;  they,  in  fact,  behave  like  inert  foreign  matter. 

.  «46.  INCREASE  IN  SIZE  AND  WEIGHT.— The  length  of  the  body,  which  at  birth 
rttwaalljr  i"^  of  the  adult  body,  undergoes  the  greatest  elongation  ai  an  early  period:  in  the  fin-t 
TCflr,  20;  in  the  second,  to;  in  the  third,  about  7  centimetres;  while  from  five  to  sixteen  years  the 
<nnu*l increase  ts  about  5^  centimetres,  In  the  twentieth  year  the  incicase  is  very  slight.  From 
"£y  Oonrird  tlic  tixe  of  the  liody  diminishes,  owing  to  the  intervertebral  disk*>  becoming  thinner,and 
^IfBBBiiy  be  6  to  7  centimetres  about  the  eightieth  year.  The  weight  of  the  bc^y  {^'^  of  an 
Mill)  sinks  during  the  first  five  to  seven  days,  owing  to  the  evacuation  of  the  meconium  and  the 
"wll  amount  of  foo<i  which  is  taken  at  first.    Only  on  the  tenth  day  is  the  weight  the  same  as  at  birth. 


V. 

Uagth  <Cmtr.}. 

Weight  (Kile.). 

Ate. 

Lniglh  (Cailr.}. 

VatgbKKto.). 

Man. 

Wonan. 

Man. 

Wanaa. 

Man. 

Woman. 

Man. 

WoiDU. 

49.6 

48-3 

3.M 

3.91 

<5 

»55-9 

•475 

46-4i 

41-30 

69.6 

69,0 

10.00 

9-30 

16 

161.0 

150.0 

53.39 

44  44 

79.6 

78.0 

12.00 

1140 

>7 

167.0 

154.4 

5740 

4908 

86.0 

85.0 

13.31 

12.45 

iS 

170.0 

156.2 

61.26 

53  <o 

93-* 

91.0 

15.07 

t4-l8 

»9 

170.6 

... 

6.V32 

... 

99.0 

97.0 

16.70 

tS-So 

20 

171.1 

»57-o 

65.00 

54.46 

104.6 

103.2 

18.04 

16.74 

=5 

172.2 

>57.7 

68. 29 

55.08 

111.2 

109.6 

20.16 

ia.45 

30 

173,3 

"57.9 

68.90 

55<4 

117.0 

113.9 

33.26 

i';.82 

1    40 

1 7 1.3 

<55.5 

68.8 1 

56.65 

IU.7 

120.0 

24.09 

22-44 

50 

167.4 

»53.6 

6745 

5S45 

la&a 

I34.S 

26.12 

24.24 

60 

163.9 

151.6 

65.50 

56-73 

■3*7 

137.5 

27.85 

26.25 

70 

162.3 

151.4 

6303 

53-7* 

«359 

132-7 

31.08 

3054 

80 

161.3 

150.6 

61.23 

51.53 

M0.3 

138.6 

3532 

3465 

90 

•  •• 

57-83 

49-34 

148.7 

»44.7 

40.50 

38.10 

(Chic 

1y  from  Q 

uctelet.) 

ih 
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The  increaK  of  weight  is  greater  in  the  same  time  than  the  increase  in  length.  Wtthio  die  fini 
year  a  child  trebles  its  weight.  The  greatest  weight  is  usually  reached  about  forty,  while  toward 
sixty  a  decrease  begins,  which  at  eighty  may  amount  even  to  6  kilos.  Tlie  resnlts  (^  measarentcali, 
chiefly  by  Quetelet,  are  given  on  the  preceding  page. 

Between  the  twelfth  and  fifteenth  years  the  weight  and  size  of  the  girl  are  greater  than  of  the  bo;. 
Growth  is  most  active  in  the  last  months  of  fcetal  life,  and  afterward  fix>m  the  sixth  to  the  b'd^ 
year  until  the  thirteenth  to  the  sixteenth.  The  full  siature  is  reached  about  thirty,  but  lul  the 
greatest  weight. 


GENERAL  VIEW  OF  THE  CHEMICAL  CONSTITUENTS 
OF  THE  ORGANISM. 


ft47-  (A)  INORGANIC  CONSTITUENTS.— I.  Water  fonns  58.5  per  cent,  of  the  wliole 
body,  but  it  occun  in  diiTctciit  quantity  in  the  di^crcni  ilssuci^.  Tlie  kidneys  contain  the  moM 
waler,  83.7  per  cent. ;  bonesf  23  i>er  cent. ;  Icelh,  10  per  cent. ;  white  enamel  cpMt(iin.i  the  Irosl,  o  2 
per  ccDt.  <j|  229).  According  to  some  ohstrvcts,  ^rt'jtii/^  0/  A^t^fo^eti  ( tl,0,)  is  also  present  in  the 
body. 

[Approxitnaiely,  water  forms  about  two-thirds  of  the  weight  of  the  body,  so  that  a  body  weighiog 
.75  kifos.  (165  U1S.I  contains  .50  kilos,  (iiolbs.)  uf  water.  The  fulluwiag  table,  modtfied  rrom 
BuunU.  shows  the  percentage  of  water  in  several  ttMaes  and  organs: — 


TlatueorOisaa.         Wcler. 

Enamel 2 

Dentine 10.0 

Bone 4S.6 

Fat 29.9 

Elastic  tissue,  .    .  49.6 

Cartilage, ....  55.0 

liver 69.3 


Blood,  .....  79  t 

Bile 1)6  4 

Milk,     .....  89.1 

Liquor  tanguiois. .  90.1 

Chyle 92.8 


20.9 
136 

lO.q 
9.9 
7a 


Solida. 

I  TbMM  or  Oman.       Wai«r. 

Spinal  Cord, .    .  69.7 

While  matter  )  ,„^ 

'       of  brain.      J  7°° 

'  Skin 72.0 

Brain, 75.0 

Muscles,     .   .   .  75  7 

I  Spleen,    ....  75.8 

Liquids. 

I  Lymph,  ....  95.8 
.  Semoi,  ....  95.9 
I  Oasiric  juice, .  .  97.3 
Inic^inal  juice, .  97.5 
I  Tears 98.2 


"nnitc  or  Organ.        Waior. 

Thymui.     .    .    .  77.0 
ConnectiTe        1  , 

tissue,     .    .    i  '' 

Kidney 82.7 

Gray  mailer  of  1  «,  e 

brain..   .    .  /   *5.» 

Vilreoni  humor,  98.7 


Aqueous  humor.  98  6 

Cerebro -spinal  )  a  tr 

fluid,  .    .    .   /  9»-^ 

.Saliva,    ....  99.5 

Sweat 99.5 


«•+ 


XL  Gaaaa.— O,  -  o«mc  (j  37)  -  H,  -  N  -  CO,  {J  38).    Manh  gas  CH,  {\  124).  NH,  (j  30, 

«I24.  «i84).  HjS(«l84)- 

IIL  Salts. — Sodium  chloride  [is  one  of  the  mtxl  important  inorgaaic  lubstances  present  in 
the  body.  It  occurs  in  all  the  ti&^ucs  and  tluiils  of  the  body,  and  plays  a  most  prominent  part  in 
connection  wiih  (he  diffusion  of  Huid-i  through  membranes,  and  iis  presence  is  nece»ary  for  the 
solution  of  the  globulins  (p.  424).  Sometimes  it  exists  iu  a  »tale  of  combination  with  protcid  bodies, 
ai  in  the  blood  plasma.  Common  salt  is  alwolutely  necessary  for  one's  existence ;  if  it  \ie  withdrawn 
entirely .  life  soon  comes  to  an  end.  .^bout  15  grammes  axe  given  oft  lu  the  twenty- four  hours,  chicHy 
by  the  urine.  Bou»ing.iult  showed  that  the  addition  of  common  salt  In  the  food  of  cattle  greatly 
improved  their  condition.] 

[Calcium  phosphate  (CasPjOg)  is  the  most  abundant  salt  in  the  body,  as  it  forms  more  than  one> 
half  of  our  L>ones;  but  it  also  occurs  in  dentine,  enamel,  and  to  a  much  lew  extent  in  the  other 
solids  and  fluids  of  the  body.  Among  secretions,  mtlk  contains  relatively  the  largest  amount  [2.73 
per  cent.).  In  milk  it  u  necessary  for  forming  the  calcareous  matter  of  the  bones  of  the 
iDfant.  It  gives  bones  their  hardness  and  rigidity.  It  is  chiefly  derived  from  the  food,  and,  as 
only  a  small  quantity  is  given  off  in  the  excretions,  it  seems  not  to  nnde^o  rapid  removal  from  the 
boay.] 

(Sodium  pboapbale  (PNajOj),  ftdJ  tt>t/ium  phoipkate  (PNa,HO,),  atiti  potassium  phosphate 
(PKfHOj).  The  sodium  pbo»phate  and  the  corresponding  potash  salt  give  most  of  the  6uiils  of  the 
body  tbeir  alkaline  reaction.  The  alkaline  reaaion  of  the  blood  plasma  is  partly  due  to  alkalme 
phosphates,  which  are  cbieily  derived  from  the  food.  The  acid  soriium  phosphate  is  the  chief  cause 
of  die  acid  leaciion  of  the  urine.  .\  small  quantity  of  phosphoric  acid  is  formed  in  the  body  owing 
to  the  oxidation  »f  lecithin,  which  contains  p^osphMM-us.J 

[Sodium  carbonate  (Na,CO|)  and  aodium  bicarbonate  (NaHCO,)  exist  in  small  qu  ami  lies  in 
the   food,  and   are    formed   in  ibe  body  from  the  ilecompoaition  of  the  salts  of  the  vegetable  acids. 
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They  occur  id  the  blood  ptuma,  where  ihty  play  an  important  part  in  carrying;  the  CO,  (ranlt< 
ItMucs  lo  ihe  luncR.] 

I  Sodium  and  potassium  sulphates  (Na,SO.  and  K^SOf)  exist  in  very  small  qiutakj  ia  dtt 
tio(ly,aiul  i\rc  introduced  with  tlie  food,  but  part  is  lortned  in  the  body  from  the  oKldation  of  «|wc 
botlics  C4inlaiiitii^  «iil)>hiir.] 

[Potassium  chloride  i.KCJ)  is  prctly  widely  di:jitiibuied,  and  occun  s|>ecial1y  in  maicle. oolMtd 
blood  corpasclcs,  and  milk.  Calcium  fluohde  (CaFlj)  occurs  in  smiM  quantity  in  Umq  ud 
teeth.  Calcium  carbonate  (CaCO,)  is  aMK>cUted  wiitt  calcium  phonptiaie  in  bone,  looih,  inii  m 
some  f\ti'n\i,  but  it  occtiri  in  relatively  macb  stnaller  amount.  It  is  k«pt  tn  snluiion  hr  HUIihk 
chluride^,  or  by  the  presence  of  free  carbonic  ac'd.  Ammonium  chloride  i  NH^CJ)— Mmah 
traces  occur  in  the  gnsthc  jaice  and  the  urine.  Magnesium  phosphate  (Me«t^>(|  occiui  aIdd); 
utitti  calcium  phosphate,  but  in  very  much  smaller  quantity.] 

Table,  by  Beaunti,  of  the  relative  proportions  of  Salts. 


UcinU. 


Bone, 


Stmffd. 


MuKkoT 


Breed.        Oidtmsna. 


Bnin. 


U««r< 


C.Sdiatdt 


Ltii«s.        S$lm. 


Sodlc  chloride 

Pola:(&ic  chloride,  .    .    . 

Soiia 

Potoslv, 

Lime 

Magnesia, 

Ferric  oxide 

Chlorine, 

Fluorine      

Phosphoric  acid  (free).  . 
Phofiphoric  acid  (combined) 
Sulphuric  acid,  .... 
Carlxin  dioxide,  .... 

Silicic  acid; 

Ferric  phosphate,  .    .    . 


3758 

1.22 


1.66 
5J3» 

5  47 


10.59 

a-3S 

34.40 

199 

»-45 


48-13 
081 


4-74 

10.69 

34-43 

07a 

1.23 


9»S 
39X)2 

0.75 

0.1a 
<.«3 


13.0 


14.51 
25.23 

361 
o.ao 

a-74 
a.S8 


5018 
092 

aa7 


Table,  by  Reaunls,  of  the  Mineral  Matter  in  Animal  Flttids. 


Sodic  chloride,  . 
Potassic  chloride, 

Soda 

Potash,     .    .    .    . 

Lime, 

Magnesia,  ,  .  . 
Ferric  oxi<le,  .  . 
PliMsphoric  acid,  . 
Sulphuiic  acid.  . 
Carbon  dioxide,  . 
Silicic  Bcidf  .  .    . 


Vcrdell. 

Weber. 

Weber. 

Dalia- 

hiirdi. 

Ponar. 

WiM«i^ 
•leia. 

Ron. 

Blood. 

Btood 

SGfMa> 

Bk»d. 

Lynph. 

Urfoa. 

Biilk, 

BOi, 

58.81 

72.88 

'736 

29*»7 

74-18 

67.38 

10.73 

26.33 

27.70 

415 

1293 

3-55 

<o-3S 

■•33 

36-73 

11.97 

2-95 

22.36 

325 

<3-64 

21.44 

4.80    \ 

1.76 

2.2S 

2.58 

097 

IIS 

18.78 

1-43 

1.12 

0.27 

053 

0.26 

'•34 

0.87 

0.53 

«37 

0.26 

10.4IJ 

0.50 

0.10 

o-ii 

10.23 

»  73 

10.64 

109 

11.21 

19.00 

><M5  1 

1.67 

2.  to 

0.09 

.    , 

2.54 

639 

1.19 

440 

2.17 

8.20 

,    . 

,    . 

11,20 

•   • 

0  20 

042 

1.27 

4.06 

•    • 

O.JO 

4A 


IV.  Free  Acids. — Hydrochloric  acid  (HCI)  [occurs  /rrr  in  ihc  gaMric  juice,  bot  in  co*** 
lion  with  the  alkalies  it  i<i  widely  diMrilmicd  as  cliluridcs^,  Sulphuric  acid  ( H,SO^)  [a^" 
occur  free  in  the  saliva  ol  certain  gasteropods,  as  Dolium  galea.  In  the  body  it  fonniflalpM"' 
chieOy  in  cotnlnnatinn  with  soda  and  putashj. 

V.  Bases— Silicon  oa  sdicic  acid  (SiO,);  manganese,  iron,  the  lakl  rorms  an  tstccnl » 
stitucnt  of  tiicmoglobio ;  copper  (?),  {\  174). 
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423 


m8.  (B)  OKGANIC  compounds.— I.  T)ie  Albuminous  ok  Protkip  Substances. — 
(l)  True  Proteids  and  their  allies  are  composed  of  C,  H,  O,  N,  and  S,  and  are  derived  fnitn 

ttlanis  (»ee  /Hfroi^rt.ftcut).  [The  (omution  of  albumin  from  the  elemcnls  is  acconiplihbed  onljr 
ly  pUnlt.  W'liat  llic  chemical  |<roce«sefi  are  is  quite  uiiknuwri.  We  only  know  that  Ihe  N  it  in  the 
Am  imtance  t>ht>iined  from  the  nunc  actd  or  ammonia  of  the  soil.  7'he  former  h  probaMv  not  u4«-d 
direcily  ai  &ucli,  tiui  ftcrvc^,  perhaps,  for  itic  lormation  of  amides  or  amido  acids,  itvm  which,  by  the 
oaion  of  non-nitrot^enous  bodies,  proteid»  ore  funned.] 

[^According  lo  Itoppc  Seyler  their  general  percentage  composition  is — 

O.         H.  N.  C  S, 

From io.g      6.9      15.2      51.5      0.3 

To 33.5107.31017.01054.5102.0.] 

They  exist  inalmoit  all  animal  fluidsand  tbsuca  partly  in  ihc fluid  forra, although  Brticke maintoiiu 
that  the  molecule  of  alliumin  exisLs  in  a  cnndilinii  midway  ht.*tween  a  state  of  imbihition  and  a  ttue 
kohitton — and  partly  in  a  mote  concentrated  condition.  lte>jdc»  lunnin|'  the  chief  juirt  of  muscle, 
nerve  and  gland,  they  occur  in  nearly  all  the  fluids  of  the  tiody,  including  the  bt'io<1,  I^Taph,  and 
•eroiM  fluids,  but  in  hen/zA  mere  traces  occur  in  the  sweat,  while  ihey  ore  absent  from  the  bile  and 
the  urine.  L'ntiojied  white  of  egg  m  the  ty[)e.  In  the  alimentary*  canal  they  are  changed  into 
peptones.  The  chief  products  dciived  from  their  oxidation  within  the  body  arc  CXD,,  H,0,  and 
esfieciallr  urea,  whicH  contains  neatly  all  the  N  of  the  proteids. 

Constitution. — 'I*heir  chemical  comtitulioa  is  quite  unknown.  The  N  seemato  exiu  lo  two 
dtfttiiict  conditions,  partly  loosely  combined,  so  as  to  yield  amnionia  readily  when  they  are  decomposed, 
and  (Mully  in  a  mure  liicd  condition.  According  to  PflUger.  port  of  the  N  in  /iviiij^  prqtcin  Ixidies 
emuti  in  the  form  of  cyaaogen.  Il^oew  supports  Pflilger'>  view  that  the  molecule  of  living  (active) 
albumin  dilTcr<  from  thai  of  dcaij  albumin,  as  he  finds  that  the  living  piutopliMn  of  certain  algx 
can  reduce  ^Ivcr  in  vcr)-  dilute  alkaline  soluiionii,  which  dead  protoptaam  cannot  do.l  The  protdd 
molecule  b  very  large,  and  is  a  very  cuniplex  one;  a  small  part  of  the  molecule  is  composed  of 
satntances  from  the  gioup  of  iiromatic  liodic»  (which  become  conspictious  during  putrefaction),  the 
larger  port  of  the  m«deculc  belongs  to  the/i»//i'  bodies ;  durmj;  the  oxidation  of  altrnmin  fatty  ocid^ 
especially  are  developed.  Carbokydrntu  may  also  appear  a*!  decompoMliofl  products.  For  tlie 
decompD>itions  during  digestion  see  \  t70,  and  during  putrefaction  \  x"^.  The  proteids fonn  a  large 
group  of  clnscly  rclited  luhsUDCcs,  all  of  which  arc  [lerhafAmoditicaiinnftof  the  same  body.  When 
we  reroemlier  that  the  tnlani  raanuracturcs  mo»t  of  the  prweid*  •(  its  ever-growing  body  from  the 
Ca*etn  in  milk,  thit  la.st  view  Mems  not  imiirobable. 

Ctaaracters. — Proteids.  the  anhydrides  of  peptones  ()  166)  are  colloids  (}  191),  and  therefore  do 
not  diffuse  easily  through  animal  membranes;  they  are  amorphotis  and  du  not  crystalUae,  and 
hence  arc  isolated  with  diflicully ;  some  are  soluble,  others  ore  insoluble  in  water  ;  insoluble  in  alcohol 
and  ether  ;  rotate  the  ray  of  polarized  light  to  the  Ufi ;  when  burned  ihey  (;ive  the  odor  of  burned 
bom.  Various  tneiallic  !>.-tll>  and  alcohol  precipitate  them  from  their  s'>lutioii ;  they  nre  coagulated 
by  heat,  mineral  acids,  attd  the  prolonged  action  of  alcohol.  Catu^tic  alkalies  dissolve  them  ^yellow), 
and  from  thi>  solution  they  are  precipitated  by  adds.  By  powerful  oxidizing  agents  they  yield 
corbomic  acid,  guanidin,  and  volatile  fatty  acids. 

Decomposition. — [The  number  and  varieties  of  these  products  are  eaceedinf^ly  great,  so  that  it 
is  not  ea»]r  to  sefMnte  the  several  jnixluctx.  In  the  funt  place,  there  is  great  difficulty  in  getting  in 
vuflicient  quantity  a  perfectly  pure  proieid,  wherei%iih  to  intiitute  the  neceuory  experiments.  The 
decnmpoviiion  product5  of  albumin  when  acted  on  by  barium  hydrat-;  have  been  mcMt  fully  investi- 
gated. The  action  of  cimcentrated  llCl.poiaasic  permanganate,  ami  bromine  has  sIm)  been  studied. 
The  actiun  of  tlie  animal  or  vegetable  digcdive  ferments  is  very  important  (^  I70),  and  esiwctally 
that  of  bacteria  causing  putrefaction  ({  tt^J-]  \Mien  acted  up(>n  in  a  suitable  manner  by  acids  and 
alkalies,  they  give  nse  to  the  decomixnition  products — leucin  (lo  tJ  18  per  cenLK  tyn»in  10  35  to  3 
per  cent.],  ospoi  tic  add,  glutamic  acid,  and  alio  volatile  fatty  acids,  benzoic  and  hydrocj'anic  ackjs, 
and  aldehydes  of  hcnioic  and  fatty  adds;  also  indol  ( ///irriuv/i,  Hthtrmann).  Sitnilar  producis 
aie  frjrmcd  duitn^  pancrrat.c  digc^ion  ({  170)  and  duiing  putrefaction  \\  184).  [Although  it  is 
assumed  that  the  [onteid-i  have  the  closest  relation  to  uien,  no  one,  no  far.  has  succeeded  in  preparing 
urea  by  the  direct  dccoini^'osition  of  albumin.  Both  by  the  action  of  acids  and  barium  hydrolr,  Ihe 
splitting  up  into  simpler  compounds  does  not  take  place  at  once,  but  by  successive  staj^es.  on  to  the 
jormaiion  of  different  bodies.  IVoieids,  when  (ally  decomposed,  either  by  adds  or  alkalies,  yield  as 
the  final  prv>dncU  Mumnnta,  sru)  amidu  acids;  by  alkalies  atui  carbonic,  acetic,  ami  ovalic  acid*. 
Tbeomidu  acids  contain  several  series  including  leucin,  tyrosin,  and  glutamic  acid.  But  all  |)toteids 
do  not  yield  these  three  bodies,  fortyrosin  may  iwaltscnt,  while  leucin.  «o  fiir,  has  been  always  found. 
It  has  therefore  been  attempted  lo  ctasAify  pruteids  into  those  that  yield  tyrosin  (r/.,  aromatic  com- 
pounds) and  those  that  do  not.  Classes  I-VII,  p.  424,  yield  when  decomposed  aromatic  bodies 
(lyrostn.  intlol,  phenol),  while  gelatin-yielding  Ivxiies  and  spongin  jrield  no  aromatic  bodies  ] 

General  Reactions.— 1 1 1  Xanthoproteic  Keaction — Heated  with  strong  tiuric  acid  they  give 
a  ytile^,  the  addition  of  ammonia  givc«  a  deep  orange  color. 

(a)  With  Millon'a  reagent  they  give  a  iwedpitaie,  and  when  heated  with  this  reagent  above 
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60^  C  ihcf  give  a  retf  one,  probably  owing  lo  the  fonnattoi]  of  tyrosin.     [I  f  Lhe  protddt  are  pfcscnt 
in  large  amount,  *  red  precipitate  occurs,  hut  if  mere  traces  are  present  only  the  Quid  becomcft 

red.] 

(J)  Tlie  addition  uf  a  few  drops  of  a  diluLe  solution  of  cupric  sulphaie,  and  the  subsequent 
addition  of  caastic  potaah  or  50(la.  ^ivc  a  vro/e/  color,  wliich  depcndit  on  boiling ;  [tbe  same  color 
is  obtained  by  adding  a  few  drops  of  Kchlinji's  solution  (biuret  reaction)]. 

i4)  They  are  prrcipilaled  afii?  ^tron|;  acidulaitan  by  acetic  acid  and  bypoto&sium  ferrocyanide. 
5)  When  boil«l  with  cone enimicd  hydrochloric  acid,  they  give  aviolet-rcdcolor  ^Liebcrraann's 
reaction). 

(6)  Sulphuric  acid  containing  molybdic  acid  gives  a  blue  color  {FrShde). 

(7)  Their  solution  in  acetic  acid  is  colored  violet  nith  concentrated  sulphuric  acid,  and  shows  the 
absor]>tii>n  Iwnd  of  hytlrtibiliTulnn  {AJiiMilirwiez). 

(8J  Iodine  is  a  good  microscopic  reagent,  which  strikes  n  brownish  yellow,  while  sulphuric  add 
and  cane  sugar  give  a  purplish  violet  {E.  ScAu/tu). 

[(91  When  rendert-d  sirongly  acid  with  acetic  add  and  boiled  with  an  equal  volume  of  a  con* 
cenlrolrd  solution  of  sodic  sulphate,  they  are  precipitated.  This  method  is  used  for  removir^  proteJda 
from  other  luiuids,  as  it  does  not  interfere  with  the  presence  of  other  substances.  Saturation  with 
sodio-magnesic  sulphate  preci|.<itaiesthe  proteids,  tnit  not  peptones,  and  the  same  is  lhe  case  with 
salunUion  with  neutral  ammonia  sulphate  [l  249).] 

[(10)  The  pTccipitaiion  of  albumin  by  tK-tt/r  is  more  delicate  when  the  acid  is  dissolved  in  alcohol 
containing  lo  per  Cent,  of  ether  ;  the  preci)Mtate  i^  not  diKsotvcd  \ry  on  excess  of  tbe  reagent.] 

[(H)  Most  of  ihcm  zvt  f^rfcififateJ  hy  strong  mineral  acid«.  and  inetaphosphoric  acid,  tannic  acid 
(hi  ail  acid  sotuiiuu'l,  phu»p])u  wolfrotnic  and  phospho-molybd>c  acid^  (in  acid  solution);  poiaasio* 
mercuric  iodide  (in  acid  solutioob);  many  metallic  sails,  e.£.,  of  Cu,  Pb,  Ag,  Hg;  chloral,  phenol, 
Utchloracetic  acid,  picric  &cid,  alcohol.  TaurocholJc  acid  precipitates  olbtlnitn  and  syntonin,  but 
not  peptone  or  henii-aIbtimo»e  (^  275)-] 

249.  THE  ANIMAL  PROTEIDS  AND  THEIR  CHARACTERS.— Class  I.— Native 
Albumins  occur  in  n  natural  condition  in  animal  solids  nnd  fluids.  They  are  soluble  in  v/ater, 
and  arc  not  precipitated  by  alkaline  carbonates,  NaCl,  or  by  vety  little  dilute  acids.  1  heir  (oluttons 
are  coagulated  l>y  heating  at  65''  lo  73**  C.  Dried  at  40'  C,  Ihey  yield  a  clear,  yellow,  amber- 
culoretl,  fnabie  msnA,  *'  soluble  albumin,"  which  is  soluble  in  water. 

(I)  Senim  albumin  ($32  and  ^  41). — [ Its speciiic  rotatory  power  is — 56°.]  Almost  all  its  aalls 
may  be  removed  from  it  ijy  dialysis,  when  it  is  no  longer  coagulated  hy  hcit.  It  is  coagulated  t^ 
strong  alcohol;  and  not  very  readily  precipitated  by  hydrochloric  aci-1,  vihilelhe  prrcipilaie  so  formed 
is  easily  dissolved  on  adding  more  acid.  When  precipitated  it  is  readily  soluble  in  strong  nitric  acid. 
It  is  not  coQgulnted  when  shaken  up  with  ether.  The  addition  of  water  to  the  hydrochloric  solmion 
prectpitaiCK  acid  albumin.     For  iis  presence  in  urine,  see  \  264. 

{^)  E?K  albumin. — ^When  injected  into  tbe  blood  vessels  or  under  the  skin,  or  even  when  iniro* 
duced  in  liiri^c  1]  juniity  into  the  intestine,  part  of  it  appears  unchanged  in  the  urine  ({  192,  4,  and 
{  264).  When  shaken  with  ether  it  is  precipitated.  These  two  reactions  serve  to  distinguish  ii 
from  (11.     The  specific  rotation  is  — 3S-5°-  »■  '■)  i<>r  yellow  light.     Amount  of  S,  1.6  per  cent. 

(Mctalbumin  and  Paralbumin  have  been  found  liy  Scherer  in  ropy  solutions  in  ovarian  cysis; 
ihcy  ore  only  panially  precipitated  by  heat.  The  precipitate  thrown  down  by  the  action  of  strong 
alcuhid  is  soluljle  in  water,  j 

Class  IL — Globulina  nre  native  pmieids,  insoluble  in  distilled  water,  but  soluble  In  dilute 
neu  ral  saline  solutions,  i.e.,  ncuiral  solutions  of  the  all^alies  and  alkaline  earths,  f.£.,  NaCI, 
KCI,  NH,CI,  MgSO,,  (Init  not  Na^CO,,  Na^HKl^),  sodium  chloride  of  1  per  cent,  and  in  msg. 
nesium  sulphate.  TncbC  solu  ions  are  coagulated  1^  heat,  and  arc  precipitated  by  the  additioDof  a 
large  quantity  of  water.  Most  of  them  are /r^n^/AiM/  from  their  sodium  chloride  solution  by  ihc 
addition  of  crystals  of  sodium  chloride,  and  also  hy  saturafing  their  neutral  toluti&n  al  jo^  tvitk 
ftyttiiJt  of  m.t^xtsium  suipkaie.  When  acted  upon  by  dilute  acids  they  yield  acid  albumin,  and  by 
dilute  alk.ilies,  .ntkali  albumin. 

\  \ )  Globulin  \  Crystallin)  is  obtained  by  passing  a  stream  of  CO,  through  a  watery  extract  of  the 
crysmllme  lens. 

|2t  VitelHn  is  the  chief  proteid  in  the  yolk  of  egg.  It  is  also  said  to  occur  in  the  chyle  f?)  and 
in  the  amniottc  fluid  ( H'eyl).  Both  the  forgoing  are  not  precipitated  from  tlieir  neutral  solutions  by 
saturation  with  sodixmi  chloride. 

(t)  Paraglobulin  or  Serum  globulin  {\  i<)\  and  iu  urine  (J  264). 

(41  Fibrinogen  (J  zri).— In  the  clear  jt'llylike  secretion  of  the  vesicnlee  Mminales  of  the  guinea 
pi^,  there  is  a  globulin-hke  body  closely  resembling  fibtjnogen.  It  contains  29  percent,  of  albumin, 
with  scarcely  any  ash.  If  it  lie  touched  wiih  a  trace  of  blood  serum,  without  mining  them,  it  gradu- 
ally and  completely  furms  3  solid  msss  quite  like  fibrin. 

(51  Myosin  is  the  chief  proteid  in  dead  muscle.  Its  co.it:u1ation  in  muscle  post-mortem  coa- 
stituus  ri;;or  mortis.  If  muscle  be  rc))eatedly  washed,  and  afierwaid  treated  with  a  10  per  cent. 
solution  of  sodium  or  ammonium  chloride,  it  yields  a  viscid  Butd  which,  when  dn^^ped  into  a  large 
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quanlllx  of  dUtilted  water,  givts  a  white  flocculcnt  precipitate  oF  myo«ii.  It  is  also  predptimed 
bom  iu  NaCl  solution  hy  crystals  of  NaCl.     Fur  KUhnc's  and  other  methods  see  {  393. 

(b)   Clobtn  {f'reyer)^  the  proteid  miduc  of  h^mogobliti  [\  18). 

Clasa  III.— Derived  Albumins  (Albuminaias).— (t)  Acid  albumin  or  Syntonfn— Whea 
proteidii  »(c  dissolved  in  the  stronucr  aciiU, /.  ^-,  hydrochloric,  ihcy  Wcomc  changed  into  acid 
aitiiiuiQi.  They  are  precipitsled  from  solution  by  the  addition  of  nuny  sails,  sodic  cliluride,  acciaie 
or  phcnphate,  or  by  neutralization  with  an  alkati,  e.  _i^.,  sodic  carbonate.  Iwt  thrr  are  not  precipitated 
by  neat.  The  concentrated  solution  j^etuinim  in  the  cold,  and  is  rcdi\.vilvcd  iiy  heat.  Syntonin, 
which  i&  oUatncd  by  the  prolonged  action  of  dilute  hydrochloric  acid  (3  per  1000)  U}>on  minced 
mu-vcle*,  is  abo  an  acid  aihumiii.  It  is  formed  oJto  in  the  klomach  during  digestmn  {\  166.  I ). 
According  to  Soyka,  the  alkali  and  scid  all.umins  differ  frrm  each  other  only  in  so  far  as  the  ptoieid 
in  the  one  cose  is  united  with  the  bue  |  metal )  and  in  the  other  with  the  acid. 

(2>  Alkali  albutnin.-lf  cgi  or  scmm  ah»umin  be  acted  upon  for  some  lime  by  dilule  alkalies, 
a  solution  of  alkiitt  all>uu)in  is  obtained.  Strong  caustic  (x^lash  acts  upon  white  of  egg,  and  yields 
a  thick  jelly,  Lieberkilhn's  jelly.  The  sttlutioii  ts  not  precipitated  by  heat,  but  it  is  pirecipitateil 
l>y  the  nddiiiunor  an  acid.  [Although  alkali  albumin  is  piecipitated  on  neutralization,  this  is  not 
(he  cnw  in  the  presence  of  alkaline  phosphates,  t.  g.^  iodic  phosphate.] 

(3)  Caaein  is  the  chief  proteid  m  milk  (3  2^1.)  It  is  precipitated  by  acids  and  by  rennet  at 
^<r  C.  In  its  characters  ft  is  closely  related  to  alkali  albuminate,  liut  it  contains  more  N.  It 
contains  a  large  amount  of  phosphorus  (0.83  per  cent-).  It  may  be  precipitated  from  milk  hy 
diluiing  it  with  .'wvetnl  time*  its  volume  of  water  and  adding  dilute  acetic  acid,  or  by  adding  mag- 
nesium sulphate  cryMaU  to  milk  anti  shaking  vigoruusly.  Owing  to  the  larpc  amtiunt  of  phosphorus 
which  it  contains,  it  ts  tomctimcs  referred  to  the  nucleo  albumins.  When  it  is  dimmed  with  dilute 
HCl  (0.1  per  cent.)  and  peprin  at  the  tempemture  of  the  body,  it  gradually  yields  nucleto. 

Clau  IV.— Fibrin.— (i  27)  and  far  the  fibrin  factors  [\  29). 

Claaa  V— Peptones. — For  peptones  and  propcptone  or  the  slbutnofles  (|  166,  I) ,  in  urine 

U  264). 

Class  VI.— Lardacein  and  Other  Bodies. — There  fall  to  be  mentioned  the  "  yelk  plal«s." 
which  occur  10  the  yelk  :  Ichthin  (cariiU^inous  fi^hcs.fro^):  Ichthidin  (osseous  fitboi ;  Icbthulin 
(salmon);  Emydin  (tnnouc|;  alio  the  indige»iit)lc  amyloid  substance  or  lardacein,  which 
occurs  chidly  oa  a  pathological  intiltratioo  into  various  organs,  as  the  liver,  spleen,  ki'hieyk,  and 
blood  veMels.  It  gives  a  blue  wiih  iodine  and  sulphuric  acid  (like  cellulose),  and  a  mihogony 
brown  with  iudinc.     It  \^  dilhcult  to  change  it  into  an  albuminate  hy  the  action  of  acids  and  alkalies. 

Class  VII. — Coagulated  Proleids. — When  any  native  aUtumins  or  glnhulinsare  coaguLiied, 
r.  g  ,  at  70"  C.  they  yield  bodies  with  alteretl  character*,  insoluble  in  water  and  saline  solution*,  but 
whil'le  in  boiling  strong  acids  and  alkalies,  when  they  are  apt  to  split  up.  They  arc  dissolved 
during  (jn-tnc  and  pancreatic  dii;eMinn  to  protluce  [icptunes. 

Appendix  :  Vegetable  Proteid  Bodies. —  Plants,  like  animals,  contain  proteid  bodies,  although 
in  IcM  xmoiint-  They  occur  cither  in  suliition  in  the  juices  of  living  plants  or  in  the  solid  form. 
In  composition  iind  reaction  they  resemble  anirool  proteids. 

[The  cbaraclera  of  vegetable  proictds  have  a  great  resemblance  to  animal  proteidi.  They  have 
frequently  btren  oiKaincd  in  a  crjstaltine  form,  «•.  ^..  from  the  sec<lt  of  the  gouni  and  various 
oleaginous  seeds.  They  occur  in  gieatesl  bulk  in  the  seeds  of  plants,  aleurone  grains  Iwing  fur 
the  mtist  pin  composed  of  them.  In  weds,  globulins  and  "  vegetable  peptone  "  loim  the  greater 
proportion  o(  the  proteid  con^ituents.] 

[Clobulins. — TIicm:  varicticit  have  t»rcn  dcscriticd  as  occurring  in  the  seeds  of  plants:  vega- 
table  myosin,  vitellin  and  paiagtobulin  i  ,1/irr/fW).  They  have  practically  the  same  properties 
»s  thos?  found  m  the  animal  kmgd<--m  ;  vegetable  vitellin  has,  however,  not  been  snAaeully  studied. 
I'araglobulin  has  been  found  in  papaw  juice(iVijr/iii).  Myosin  occun  m  the  seed  of  leguminosie, 
in  flour,  and  in  the  potato.] 

(Albumin. —  The  extMence  of  a  liody  carTes|Xinding  to  egg  or  wram  albumin  in  the  vegetable 
kini;doni  i«  doubtful  {h't'thauffM}.     Such  a  body  has  been  described  in  papaw  juice  \Martiu\.^ 

[Vegetable  Peptone  ;  Albumoses. — A  true  peptone  has  not  yet  t>eco  recogni2C-i  in  plants: 
what  has  been  dc»cr)t>cd  as  Mich  is  hrmi-allHimose  (  f'mfjj.  Album>*«s  have  been  f  lund  in  the 
seeds  of  Icguminnsx,  in  An  a  r,  and  in  pa^w  juice.  In  the  laM,  twu  f.jrm5  occur,  called  re»|>ec- 
ttvely  o-  and  ^  pbytalbumosc.  The  former,  ii-phytalbumo4e,  agrees  with  the  hemi-albumo«« 
descrtbed  by  Vines,  being  tuluble  in  cold  and  bodmg  w.iter ;  giving  also  a  biuret  reaction,  and  a 
precipitate  by  saturation  with  sodium  chloride  only  in  an  acid  solution.  The  latter,  3  phyiolbumnse, 
tft  »olut>le  in  cold,  but  not  in  boiling,  distilled  water ;  hence  it  is  precipitated  by  beat.  It  U  also  readily 
thrown  down  by  saturation  *v  h  sodium  chloride,  and  gives  a  faiui  biuret  reaciirn  (.fArr//fi).] 

[Vegetable  Casein  is  said  to  occur  in  the  teeds  of  lc^mino«e ;  and  ii  \%  slightly  soluble  in  waier, 
but  rva<iily  vo  in  weak  alkalies  and  in  i^ilntionH  of  basic  calac  pho«-pha1e.  A  solution  of  this  t^ody  ii 
piecipilatrd  by  acidt  and  rennet.  Twovaneiics  have  l>een  described  — (0)  legutnin,  in  f«a*.  I«r>n«, 
icnitls;  add  in  reaction,  soluble  in  weak  alkalies  and  very  dilute  HCl  or  acetic  acid;  (d)  ccnjtiutin, 
a  scry  Mmilar  body  oocarring  in  bops  and  almonds.     Tbc  exiscciKC  of  vq^iable  casein  is  denied. 
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Vines  stutcs  that  both  tegutnin  anil  conglulin  are  aniltcial  prcxlucts,  being  fonncd  froin  the  globulins 
prcMHt  I'v  ihc  (]ilutc  alkali  tised  in  exiraciion  of  the  proteid&.     Tliis  is  denied  by  Kinhautco.] 

[Gluten  and  Glutin, — (Jlulrii  is  rcaility  pre|uire(l  froui  ftour  by  waaliing  and  kneading  il  in  a 
nitulm  La;;  under  a  >tieai«  of  water.  So  prtpartd  it  is  yellowish  l>ro\»n  m  culor,  very  siicky,  and 
capaule  tif  bcini;  (IraMn  out  intu  loii^  shreds  It  i:i  iiisoluMe  in  walcr^  wluble  (liut  not  ct>niplciel>  f 
by  prut»ng(d  aciiui)  indiluie  acids  and  alkalies  (.2  per  cent.  KIIO  and  iiCI),  The  |.>rolt>n^cd  action 
uf  alct»hul  (So  u>  S5  p:r  cent.)  di&Milves  part  of  the  substance  of  gluten,  Icavni^  a  rr^iduc.  called 
by  Liebig  plaiil  librin  and  by  Kilthausen  gluten  ca-sein.  The  alcohol  conlmiis  gUadin  (tjlulm), 
gluten  fibiin.  and  mucedin.  Gluten  casein  is  readily  &c>lublc  in  dilute  alkalies,  almost  tnMiluble 
in  dilute  acetic  acid,  and  <iuiic  in^<>]ul>lc  in  cold  and  bodtui;  water;  the  pioducis  of  iu  decomposi- 
tion, by  heating  wi  h  1I,^0,.  arc  Icucin,  t\ru&in,  glutamic,  anda»parat>inic  acids.  'I'he  three  Itodics 
di-a(ilve<l  from  ^luilik  by  alcuhddidf-r  cbtetly  in  ihcir  Bolubihiy  in  alcohol  and  waicr.  Gluten  fibrin, 
the  least  M>lutile,  is  coagulated  by  ihe  action  of  absoloie  alcuhol;  it  t&  readily  soluble  in  dilute  aci'is 
and  alkalies,  being  precipitated  by  neutralj^atia^.  Gliadin  (gluiin,  plant  gelatin)  nuy  be  prepared 
by  )ioiUn„r  gluten  with  wuier :  it  de)xi<)ita  un  cooling  tlic  glutton  Though  Aoluble  in  water  at  100** 
C.  at  6rtil,  It  becomes  iuwiuble  by  tbe  prolonged  action  of  water  at  that  temperature.  It  ia,  like 
gtutcn  fibritt,  sulultlcf  in  dilute  acids  and  alkalies.  Mucedin  diflt^ts  from  gltadin  in  l«ing  les«  soluble 
in  ittrongaU'ohol.  The  water  mC-l  in  washing  the  Hour  ir;  ihe  preparation  ot  gluten  cunuins  bcmi- 
aU>umnse(  rims)  and  a  globulin  ( ti^ey/).  Kye  Hour,  as  well  as.  wheaten,  yields  gluten  under  similnr 
Uraiinciii  wiih  watt  r  ] 

[Nitrogenous  Crystalline  Principles. — Leucin,tyro£in,  asparagiD, and  glutamic  acid  have  been 
found  in  tlie  M:ed>  ol  pUnts.J 

350.  (a)  THE  ALBUMINOIDS.— These  substances  closely  rexemble  true  proieids  in  their 
coinposttiun  and  origin,  and  arc  amorphous  □on-cr^-staltinc  colloid.4  ;  some  of  them  do  not  contain  S, 
but  the  most  of  ibcm  have  not  been  prtpored  frecfiom  ash.  Their  reactions  and  dccorofmsition  pro- 
ducts  closely  resemble  tho.->e  of  the  proteid&;  some  of  them  produce,  in  addition  tu  leucin  and 
lyiosin,  glyctn  and  alaain  (aroido  propionic  acid).  'J'hey  occur  a!»  organized  corulituent^.  of  the 
ilssueik  and  also  in  Auid  form.  It  vt  unknown  whether  they  are  formed  hy  oxidation  from  proteld 
bodies  or  hy  synthesis. 

1.  Mucin  is  the  characteristic  substance  present  in  mucus.  That  obtained  from  the  submaxil- 
lary gland  contains— C  52.31,  H  7.22,  N  11.84,  028.6^  Acconling  to  Hammarsten  it  conUins 
S  1.79  and  \  13.5  |>er  cent.  It  dissolves  in  water,  making  it  sticky  or  slimy,  and  can  be  filterc<l. 
It  is  precipiuteil  Ity  acetic  acid  and  alcohol ;  and  the  alcohol  precipilale  in  n[;.-iiii  soluble  in  water. 
It  is  not  precipitated  by  acetic  acid  and  fcrrocyanide  of  potassium,  but  HNO,  and  other  minenl 
acids  precipitate  it.  It  occurs  in  saliva  ({  146),  in  bile,  in  mucous  glands,  secretions  of  mucous 
mcmbiancs,  in  mucous  tissue,  in  synovia,  and  in  tendons.  Putfiologicnlly  it  occurs  not  unfre<)uenlly 
incystt^:  m  the  animal  kingdom,  especially  in  snails  and  in  the  skin  of  hololhunans.  Il  yields 
lucin  and  7  per  cent,  of  lyrosin  when  it  is  decomposed  by  prolonged  boiling  with  sulphuric  acid. 
[  I'he  precipiiale  called  mucin  has  not  always  the  same  characters,  and,  iu  fact,  it  differs  according 
lo  the  animal  from  which  it  t«  obtained  {Lattt/wtrir.)] 

2.  Nuclein  (A/ifjcber,  {  198)— (C  29,  H  49,  N  9,  P  3,  O  22) — contains  f^ospharic  acid,  and  is 
slightly  KolublL-  in  water,  easily  in  ammonia,  alkaline  carbonates,  strong  HXCI,;  it  gives  the  biuret 
leaciion  ;  no  reaaion  with  Milton's  reajient ;  when  decomposed  it  yields  phosphorus.  It  occurs  in 
the  nuclei  of  pus  and  blood  corpuscles  (^  22 ),  in  sperm otozoids,  yelk  spheres,  liver,  brain,  and  milk. 
yeast,  fungi,  an't  many  seeds.  Ii  has  ri-M:mt)lances  to  mucin,  and  is  perhaps  an  intcrmeiilifiie  pmduci 
i^eiween  albumin  and  lecithin  [fUppe  SeyUr).  h  is  (wcparcd  by  the  ariitici.il  digestion  of  pus,  when 
it  remain<i  as  an  indigestible  resitlue  ;  acids  precipitate  it  from  an  alkaline  solution.  It  givrsa' 
feeble  xanthoproteic  reaction;  after  the  prolonged  action  of  alkalies  and  acid,  substances  similar 
10  albumin  and  syntonin  are  formed,  liyiioxaitthia  and  guanin  have  been  obtained  as  decum|M3uUon 
products  from  it  ( AV«<*/). 

3.  Keratin  occurs  in  all  horny  and  epidermic  tissues  (epidermic  scales,  hairs,  nails,  feathers) — 
C  50.3-52.5.  H  64-7,  N  16  2-17,020.8-25,  S  0.7-5  P*""  '^""- — is  soluble  in  boiling  caaMic  alkalies, 
but  swells  up  in  cold  concentrated  acetic  acid.  When  decompitscd  by  H,SO,  it  yields  10  per  cent. 
leucin  and  3,6  per  cent  lyrosm.     Neurokeratin  ({|  321 ). 

4.  Fibroin  is  soluble  in  strong  alkalies  and  mineral  acids,  in  ammonio-sulphale  of  copper;  when 
boiled  with  IL^SU^  it  yields  5  per  cent,  tyroun^  leucin,  and  glycin.  It  is  the  chief  constituent  of  the 
cocoons  of  insects  anil  threads  of  spiders. 

5.  Spongin,  allied  to  hbroin,  occnn  in  the  bath  sponge,  aiul  yields,  as  decomposition  products, 
leucin  and  glycin  {SiiuMer). 

6.  Elaatin,  the  fundnmciitnl  substance  in  elositc  tissue,  is  soluble  only  when  boiled  in  ronccntrored 
caus'i:  jioLisb — C  55-55,6,  H  7.1-7.7.  N  16.I-17.7,  U  19.2-21. 1  per  cent.  It  yields  36  to  45  per 
cent,  of  leucin  and  y^  per  cent,  of  tjTOsin. 

7.  Gelatin  (Glutin),  obtained  from  connective  tissues  by  prolonged  loiling  with  water;  it 
get  mi '.lies  in  tlip  cold— C  52.2-50.7.  II  6.6-7.Z,  K  17.9-18.8.  S  -^-  O  235-25  (So  7  per  cent ).  [The 
ordinary  connecUTe  tissues  are  suppuned  to  contain  the  hypothetical  ai.hydride  collagen,  while  the 
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o^tuiic  bssw  or  bontf  is  cw}]tA  ossein.]  It  routes  the  raj  of  poLarued  lifjhl  stnmgty  to  ihe  left  •=■ 
—  1 30*.  By  pruIouKtHl  boiling  and  dt^siion.  it  is  converted  into  a  pepIonc-Uke  Ixidy  (gelatin  pep- 
tone),  which  does  not  gelatinize  (jf  l6t,  I).  [It  sift-clU  up,  but  does  not  dis&olvc  in  cold  water;  when 
dissolved  in  warm  water,  and  lingctl  wiih  Itcrlin  blue  or  caimiiic,  it  forms  the  asual  colored  nittu 
which  is  rmployeil  hy  luKtoIupislft  for  inakini*  fmc  traiis]>aient  injections  of  blcod  vcurls.l  A  lody 
resemhling  gelatin  is  ftmnd  in  leukemic  blood  and  in  ihe  jiitce  of  (he  spleen  (^  103,  I).  When 
deOOSdposed  with  sulphuric  aiid  it  yields  ^lycin,  ammunia.  leucin,  dui  na  tyrosim.  [It  is  precipitated 
from  its  solution  by  atcohol,  nu^rcuric  chloride,  mrtnptio^phoiic  actii,  phoApho-woIfraniic  acid,  taiiro- 
cbolic  scid,  tannic  acid,  but  the  piectpiiaie  with  the  lost  does  tviX.  occur  when  ulis  are  ab^ni.  It  it 
rradity  sotuttle  III  rhlutc  ai  i^l-S  even  in  acetic  acid.  When  l>oiled  with  Mitlon'«  icogcnt,  it  is  not 
colore<t  re<l.  With  cu|»-ic  sulphate  and  caustic  Hodn  tt  gives  a  violet  color  which,  on  boiling,  be- 
eomci  h|;hl  red.     It  givr;*  no  color  with  concent  rate*  I  H^SO.  and  acetic  acid.] 

8.  Cbondrin  occurs  in  the  mairix  of  hyaline  cartilage  and  between  the  fibres  in  fihro- cartilage. 
It  i«  oMainc<l  from  hyuluie  cait)lA;;eaiKl  the  cornea  by  boiling.  [Its  K}lutioas  gelatiniceou  coaling.] 
It  occur*  also  in  the  mtinlle  of  tnolluAks  — C  49'5-So  9,  H  6.6-7.1,  N  14.4-14.9,  S  -f  O  37.2-29  |S 
04  per  cent.).  When  boiled  with  sulphuric  acid  u  yields  leucin ;  with  hydiochluric  aciti,  ami  when 
digested,  chondro-glucuM:  ( Mriunir) ;  it  bcUrngs  to  the  glucosides,  which  contain  N.  When  acicd 
upon  by  oxidieing  reagei.t^  it  \s  converted  into  gelatin  {/trame}.  The  substance,  which  yields 
chondrin  is  colled  chondrogen,  which  is  [>erha[»  an  anhydride  of  chondrin.  The  foHuwitig  pro- 
peitie<i  uf  gelatin  and  chondrin  are  to  be  noted  :  Gelatin  is  precipitated  by  tannic  acid,  mercuric 
chloride,  chlutiiie  water,  platinic  chloiide,  and  alcohol,  but  nui  Ly  acids,  alum,  or  salts  of  silver, 
trun,  copper,  or  lead;  its  fi|>cci(ic  rotation  is  ^  —  ijo**.  [Comguri:;  tbci>e  precipilants  with  ihoic  of 
albumin  1  Chondrin  is  precipitated  iiy  acetic  acid  and  dilute  sulphuiic  and  hydrochloric  acids,  by 
alum,  and  by  ^aU;*  of  silver,  trun,  and  lead ;  its  specific  rolalton  =  —  'tj**. 

9  The  hydrolitic  ferments  have  recently  been  called  enxymea  by  W.  KUhne,  in  order  to  diih 
linguish  them  Irom  otgani^ed  fermenls,  such  as  yeast.  The  enzymes, hydrulylic  or  organic  fernisnis, 
act  only  in  the  presence  of  water.  They  act  upon  certain  l>odies,  causing  them  to  take  up  a  mole- 
cule of  water.  They  all  decompose  hydric  peroxide  into  water  and  O.  They  arc  most  active 
between  30°  to  35**  C,  and  arc  dcHlroycd  by  Iniiling,  Imt  when  dry  they  may  W  subjected  to  a 
temperature  of  100*^  without  bein^;  dchtroyed.  Their  solutions,  if  kept  for  a  long  time,  gradtuUy 
lose  their  progierties  niid  undergo  more  or  less  decnmjxjiiition. 

(a)  Sugar  forming  or  diastatic  ferment  nccurs  in  .viliva  ({  148),  pancreatic  juice  (9  170)1  intes- 
tinal juice  (^  1 83).  bile  (jj  l&o),  blood  (^  22), chyle  ( j[  1S9),  liver  (§  174),  in  human  milk  (J  231).  In- 
vertin  in  intestinal  juice  {\  183).  Almoti  all  dead  tissues,  organic  Huids,  and  even  proieidt>,  although 
only  to  a  slight  degree,  may  act  diastaiically.  Uiaslatic  ferments  are  very  generally  distributed  in 
the  v*gttahif  kingdom. 

(^)  Proteolytic,  or  ferments  which  act  upon  protelda.— Pepsin  in  gastric  juice  and  iik 
muscles  {\  t66),  in  vctcho^.  iiiy^-omyLH-tcs  {Krukenber^)^  trypsin  in  the  pancreatic  juice  (}  170),  a 
similar  ferment  in  the  intestinal  juice  (}  183),  and  urine  {\  264). 

\c)  Fat  decomposing  in  pancreatic  juice  ({  I'O).  in  the  stomach  (j  166). 

yd)  Milk-coagulating  in  the  sioniach  ((  i66j,  pancreatic  joice  ({  l7o)»and  perhaps  also  in  (be 
intestinal  juice  (?) — (/*-'.  A\>te*/j\. 

[The  importance  of  fermentative  processes  has  already  t>een  rcfencd  to  in  detail  under 
'*DtgeMion."  Ferments  are  iKxties  which  excite  chemical  changes  in  other  matter  with  which 
(bey  ore  brought  into  contact.     They  are  divided  into  two  classes:— 

1)  Unorganised;  soluble  or  nonliving. 

2)  Organized,  or  living.] 

[(1)  The  Unorganized  Ferments  are  those  mentioned  in  the  following  table.  They  seem  to 
be  nilrofcnous  bodies,  although  their  exact  composttion  js  unknown,  and  [t  is  doubtful  if  they  have 
ever  been  obtaineil  perfectly  pure.  They  arc  present  in  many  secretions,  and  arc  prthinitti  within 
the  bo<]y  by  the  «iial  activity  of  the  prul<i|ila»m  of  cells.  They  are  termeil  soinhle  becaus;  tlwy  are 
soluble  in  water,  glycerin,  and  some  other  substinccs  {\  148),  while  they  can  tie  preci|>itite<t  by 
alcohol  ao;l  some  other  reagents.  They  do  not  muhipiy  during  their  activity,  nor  is  their  activity 
jxcvemcd  by  a  certain  proponion  ff  «alicylic  acid.  They  are  not  affected  by  oxygen  sui«jeaed  to 
(he  cooiprcsaio.'i  of  miny  atmo&phcres  (/'.  Btrt).  They  are  mon-txving.  Their  uthcr  properties  are 
referred  lu  above  j 
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[The  unorganized  fcrmcots  present  in  the  body,  and  their  actions  (  fK  Ittitrtt} : — 


Plulll  or  llMIIH. 


SalivA,, 


Gastric  juice. 


rancreotic 

juice. 


tntrstinst 

jutct, 


Famcai. 


I.  Ptyalin  (j  148). 


1.  Fepsun, 

2.  Milk-curdling,  .   .   . 

3.  Lactic  aciil  ferment, 

4.  FaL-spliiUug,      .    .    . 


ActioM. 


Converts  starch  chiefly  iiuo  mallow. 


1.  Diostatic  or  ainylopsin, 

2.  Trypsin, 

3.  Emulsive  (?)f    .... 

4.  Fat-splitting  or  steapsin. 
Milk-curdling,  .... 


Converts  proteidi  into  p«)tonea  in  an 

medium,  certain  byproaucts  being  I 

(i  166). 

Curdles  casein  of  milk. 

Splits  up  mUk  sugar  into  lactic  acid- 

Splits  up  fats  inlo  glycerin  and  fatty  iddL 


Converts  starch  chiefly  into  malloae. 

Changes  ptoteids  into  peptones  id  an  alknIir-^K:  _qp 

medium,  certain  byproducts  being  fumii    ■     .^ 

Emulsmes  fats.  . 

Splits  inis  into  glycerin  and  foity  acids. 
Cuniltrs  ca5wrin  of  milk. 


4 


Blood 

Cbyle 

Liver  (?),  .    .    . 

Milk.    .  .  .  . 

Most  tissues .   . 

Muscle,     .   .   . 
Urine,    .    .    .    . 

Blood 


1.  Diaitatic,  .   . 

2.  Proteolytic,    . 

3.  Invcrtin,     .    . 

4.  Milk -curdling. 


Dinstatic  ferments  . 


I  and  other  fennents. 


Fibrin-fonning  ferment. 


Does  not  form  maltose,  but  maUose  is  choag" 

into  glucose  (J  183). 
Fibrin  into  peptone  (?). 
Changea  cane-  mio  grape  sugar. 
(f  in  small  intestine). 


[(2)  The  Organized  or  Hving  fermcnis  are  represented  byyeosc  {\  235).  Other  liring  fern 
belonging  10  the  schtiomycetes,  occuniiig  in  the  intestinal  canal,  ore  referred  to  in  {  1^4.  1 
causes  fermentation  by  splitting  Lp  sugar  into  CO,  and  alcubol  {\  15(1),  but  this  lesuli  only  o<^  ^ 
so  long  ns  tlie  yeast  is  iiving.  Hence,  its  activity  is  coupled  with  the  vitality  of  the  cells  ol^^»  "•* 
yeoM.  If  yeast  be  boiled,  or  if  it  be  mi%cd  witli  cnrtjolic  or  salicybc  acid,  or  chloroform.  ^■^J^'l 
whi(^  destroy  its  activity,  it  cannot  produce  ihc  alcoholic  fermentation.  As  yet  no  one  has  tu ccl  ^™*» 
in  extracting  from  yeast  a  ifub*tancc  which  will  excite  ihc  alcoholic  fermentation.  All  the  orgMM^^"^"*^ 
ferments  giow  and  multiply  iluring  their  activity  at  the  expense  of  ilie  lubstanccs  io  vhich  ^*J^ 
occur.     Thus  the  alcohohc  fermentation  depends  upon  the  "life"  of  the  ycost.     'Ihey  are  1  ^"    *" 

be  killed  by  oxygen  subjected  to  the  conipreuiun  of  many  atmospheres  (/*.  Bert),    Hut  u  is  imp 
to  note  thai   Hoppe-Seyler  has  cxiracted  from  dta-i  yeast  [killed  by  ether)  an  unorganucd  : 
which  can  change  cane  sugar  into  grape  sugar.] 

10.  Haemoglobin,  the  coloring  matter  uf  blood,  which,  in  addition  to  C,  li,  O,  N,  andS»^ 
tainBi>c>M,  may  be  taken  vrith  the  albuminoids  ({  ii).     [Htemocyanin  ({  32)-] 

(3)  Glucosides  containing  Nitrogen. 

In  addition  to  chondrtn,  the  following  glycosides  coni:)ining  nitrt^en,  when  subjected  to  ^i^^^T^^^ 
lytic  processes,  may  combine  with  water,  and  form  sugar  and  other  substances: — 

C«rebrin  (?  322)  =  Cj,,H„oNj02i  {Geoghfgan).  fforcus  has  shown  that  ccrebrin  as  orig*^ — ^oiiiy 
prcfiart-d  by  W.  Milller  is  a  mixture  of  three  bodies,  viz.,  cercluin,  hofnocercbhn,  ancr^*  •**• 
ccphnlin.] 

Protagon — C  66.29,  II  10.69,  N  2.39,  P  1,068,  per  cent — occurs  in  ner\«,  and  contains        J"^ 
phorus(i|  322). 

Chitin,  3(CuH„N,0,a),  is  a  glucosidc  containing  nitrogen,  and  occurs  in  the  catancoos  cov-^^^ 
of  arthro^wda,  and  also  in  their  intestine  and  trachea; ;  it  is  soluble  in  oonceutroted  ocidi^   ^Z- 
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hydrochlnric  or  nitric  acU\,  bat  insohible  ia  other  reagents.  According  to  Sandwtck.  chitm  w  an 
smjn  derivative  of  a  carbohydrate  with  ibc  (;eneral  formula  "(C.^Hj^O,,).  The  hyalin  of  worms  it 
cloMrly  related  to  cbitin.  (Solanin,  Amygdalm  ({  303),  and  sahcin,  etc..  arc  glucosides  of  the  vege- 
table kingdom.) 

(4)  Coloring  Mattcra  containing  Nitrogen. 

Their  conititation  n  unknown,  and  they  occur  only  in  antmnla.  They  are  in  all  proboliility 
derivative*  of  hicmofjlohin.  They  are  (l)  hsematin  (|  iS,  A),  tnyobKmatin  (}  3j3,  f  392,  a), 
hiatohsmatin  (j|  103.  IV),  and'  hzmatoidtn  l{20).  (2)  Bile  pigmenla  (|  177.  3).  (3) 
Urine  pigments  (eitcept  Indican).  (4)  Melanin— Off,.  H,,  N,^.  O^^^orthe  black  pigment, 
which  occurs  [lartly  tii  epithelium  (choroid,  relinn,  iria,  and  in  the  deep  layers  of  epidermis  in 
colored  races)  and  partly  in  conneclivc-ti»ue  corpuscles  (Lamina  fusca  of  the  chon.>i<l).  [Turacin 
occur*  in  the  red  fcathert  of  Corythaix  Ituffun!  or  riantain  I-Uter.  Its  aith  contains  nearly  6  per 
cent,  of  copper  (CAur^-A).    The  reddish  ipou  or  pans  of  feathen  bam  with  a  green  flame.] 

II.  Organic  Acids  free  from  Nitrogen. 

[\)  The  fatty  scids,  wiih  the  TonnulB  C„H,i^,0{On),  occur  in  the  body  partly  free  and  partly 
in  conibinaiicm.  (Vce  volalile  fiilty  actds  occur  m  decomposing  cutaneous  KCreliuru  (sweat).  In 
combination,  acetic  acid  and  caproic  actd  occur  a»  amido  compounds  in  glycin  (^=  amido  acetic 
acid)  and  Icucin  (1=  amido-caproic  acid).  More  especially  do  they  occur  unticid  with  glycenn  10 
form  ncatral  fala.  from  which  the  fatly  acid  is  again  !>et  free  l>y  pancreatic  digestion  (^  170,  III). 

(2)  The  acids  of  the  acrylic  acid  series,  with  the  formula  Calf,  ,0|  HO),  are  repre»enied  In  the 
body  by  one  acid  oleic  acid,  which  in  combination  with  glycerin  yields  the  neutral  fat  olein. 

ajl.  PATS.  — (l\  Neutral  fats  occur  very  abundantly  m  animals,  but  they  also  occur  in  all  plants; 
in  the  bttcr  more  evpccially  in  the  seeds  (nuts,  almonds,  cocoanut,  poppy),  more  rarely  in  the  peri- 
carp  (olive)  or  in  the  root.  They  are  obtained  by  (ircuurc,  melting,  or  by  extracting  them  with 
ether  or  twilling  alcnhol.  They  f^.  ^.,  instearin,  Cj-jllujO,}  contain  much  less  O  than  the  oirbo- 
hydrateft,  such  as  sugar  and  itarch  ;  they  give  a  greasy  spot  on  pa[>er,  and  when  shaken  with  colloid 
»uh«ances.  such  aa  albumin,  they  yield  an  emulsion.  When  treated  with  superheated  •itenm  or 
wKh  certain  ferments  (p.  301),  tbey  take  up  water  and  yield  glycerin  and  fatty  acids,  artd  if 
the  latter  be  volatile  ihey  have  a  rancid  odor.  Treated  with  cauMic  alkalies  they  also  take  up 
water,  and  are  dec<)tnposcd  into  glycerin  and  fatty  acids;  the  fatty  acid  unites  with  the  alkali  and 
form«  .1  soap,  while  glycerin  is  set  free.     The  soap  solution  dimolvcs  fats. 

Glycerin  i*  a  iriatomic  alcohol,  C,Hj(OH),,  and  unites  with  (I)  the  following  mooobasic  /a/ty 
aeids  ^lIkisc  occurring  in  the  body  are  [jrinted  taitalics; : — 


Aciili. 


1.  F«r$Hi<, 

2.  jlcttit,     .    . 

3.  Prefiiimu,  . 

4.  Smtyrir^  .    . 
risnbutyric, 

5.  I'liitruxme, 

6.  CaptoiCf 


.c,if,o, 

.  <;h„o, 


Acid*. 

7.  ^Enanthylic,    . 

8.  Caprylii, 

9.  Pelargonic,  . 

10.  Capru,    .    .    . 

11.  J-aurotttaru, 
13.  Myri^ity  .  . 
13.  /'ii/mific,.    . 


c„  ;„o, 

C,.H„0, 
C«H„0, 


AcifU. 
[Marganc.     .    .  C,tH„0, 
is  a  mixture  of 
13  and   14.3 

14.  Sttatit^  ....  C,,H„0, 

15.  Arachinic,  .    .    .  C^H^O, 

16.  Hylnic,  ....  C^HjjO, 

17.  Ccrutinic,    .   .    .  C^Hi^Q, 


The  acids  rorra  a  homologous  seiies  with  the  fonnala  C,ll|».,0(OH).  With  every  CH,  added 
their  boiling  point  riftes  19**.  Those  containing  most  carbon  are  solid,  and  non-volatile;  those  con- 
taining less  C  (up  to  and  including  to)  are  fluid  like  oil,  have  a  burning  acid  taste,  and  a  ranctd 
odor.  The  earber  mcml>ers  of  the  series  may  be  obtained  bv  nxiriation  from  the  later,  by  CH, 
being  removed,  whil^  t'O,  and  11,0  are  formed  ;  thus.  Wtyric  acid  is  olnained  from  propionic  acid. 
Noa.  13  artd  14  are  found  in  human  and  animal  fat,  less  abundant  nnd  mr-reinconUantare  13,  11,  6, 
6, 10,  4.  S')me  occur  in  sweat  {\  387)  and  in  milk  (\  231).  Many  of  them  are  developed  during 
the  decomposition  of  alliumin  and  gelatin.  Most  of  the  above  (except  15  to  17)  occur  in  the  con- 
tents  of  the  large  inlesiine  \\  1S5  \. 

(2^  Glycerin  al^o  unites  with  the  monobasic  oleic  acid,  which  also  forms  a  series,  wbnsc 
general  formula  is  CKll,».^OtOH^,  and  they  all  contain  3l{  less  than  the  corresponding  members 
of  the  fa'iy  acid  series.  The  cnrrtsponding  fatty  acids  can  be  oU»ined  fr»tm  the  oleic  acid  scries 
and  vict  rersA.  Oleic  acid  (olein  elainic  acid).  ^'dH^O,,  is  the  only  ot>e  found  in  the  or^'anism  ; 
united  with  glycerin,  it  firmi  the  fhiid  fat,  oletn  The  fat  nf  newdiom  children  contains  more 
glycetidc  of  palmitic  and  stearic  acid  than  that  of  adults,  which  contains  more  glyceridc  of  oleic 
acid.  Oleic  acid  nUi  occur*  tinilrd  with  dlialirft  (in  soaps)  and  (like  some  fatty  acids)  in  the 
lecithins  [^  33).  I  f  lecithin  be  acted  on  with  barium  hydrate,  we  olHain  insoluble  stearic,  or  oIeic» 
or  palmitic  acids  and  barium  oleate,  together  with  dissolved  neurin  ({  333.  b)  and  baric  glycerin 
phosphate.  It  appears  as  if  there  were  sevrrat  leciihins,  of  which  the  ttHist  abundant  are  the  one 
whh  stearic  add  and  that  with  palmitin  +  oleic  acid  radicle  {DhtkoMi^r).  Lecithin  occurs  in  the 
blood  corpuscles  [\  33),  semen  and  nerves,  while  neurin  is  conttanlly  present  in  fungi. 
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The  neutral  fats  [palmitin,  ^earin  (holh  solid),  Rtid  olein  (fluid)],  the  glfcerides  of  falty  icids, 
and  of  oleic  acid,  arc  triple  ethers  of  triatoniic  alcohol  glycerin.  With  the  ncuiial  fais  nmy  be  auo 
cialed  glycerin  phosphoric  acid,  an  acid  glyecnn  etiier.  funDcd  l^y  the  union  of  glycerin  and 
phosphoric  ocid,  uilh  ihe  git'ing  oil  of  a  molecule  of  water  (CjlIilHJj) ;  it  is  a  dccompo&ilton  pro- 
duct of  lecithin  (^  23). 

(3)  Tlie  glycolic  acids  (acids  of  the  lactic  acid  series)  have  Ihe  formula  C,Hje-,0(OH\. 
They  arc  formed  by  oxidation  from  the  fatty  acid  series  by  substituting  OH  (hydroxyl)  for  one  alont 
of  11  of  the  faiiy  acids.  Conversely,  fatty  acids  may  be  obtained  from  the  glycolic  aciJs.  The  fol- 
lowing acids  of  this  wries  occur  in  the  b^dy  : — 

(d)  Carbonic  Acid  foxy  formic  ncid},  CO(OH),;  in  thix  form,  howerer,  it  oaly  makes  nils. 
Free  carbonic  acid  or  carl'oa  dioxide  is  an  anhydride  of  the  same  ^=  CO,. 

{S)  Olycolic  Acid  loxy-acetic  acid),  CjH,O(0H),j,  docs  not  occur  free  in  the  \tnAy.  One  of  its 
compounds,  glycin  ||>lycocol1,  amido-acetic  acid,  or  gelatin  sugar),  occurs  a«  a  conjugate  acid,  via., 
as  glycocolic  ncid  in  the  bile  {^  177,  2),  and  as  hippuric  acid  io  the  urine  (J  360}.  Glycin  exiits  in 
complex  cnmhinatian  in  the  gelatin. 

(r)  Lactic  Acid  (oxy-propionic  acid)  C,H|0(OII),,  occur  in  the  body  in  two  inomeric  forms — 
I.  The  fMi'/rV/fw^/oc/rV  .7*vV,  which  occurs  in  Iwn  modifications— as  the  right  rototory  ;';ri(?A?f/#V 
tfrM/{poraIactic),  a  metabolic  product  of  muscle;  and  as  the  ordinary  optically  inactive  pro«iact  of 
"lactic  fcrmenlation,'*  which  occurs  in  gastric  juice,  in  loor  milk  (sanerkmnt,  acid  cumml>er),  and 
can  he  ohtained  by  fenncTiiniion  from  &ugir  {\  184).  a.  The  isjmer,  rt^yfene-l,ictic  odd,  occurs  in 
the  watery  extract  of  muscles  {\  293). 

{d\  Leucic  Acid  (oxy  caproic  add),  CfH,,Oj,  does  not  occur  as  such,  hut  only  in  the  form  of 
one  of  iu  derivatives,  leucin  (amidocaproic  acid),  a^  a  product  of  the  metaboUsm  in  many  lissties, 
and  is  formed  during  pancreatic  digettinn  (j  170,  T I).  Leucic  acid  may  be  prejiared  (romlencin. 
and  glycolic  acjtl  from  givcin.by  the  action  nf  niirnus  acid. 

{4)  Acids  of  the  Oxalic  Acid  or  Succinic  Acid  Series,  having  the  formula  CaH,,MO,(OH)^ 
arc  bi'bafic  acids,  which  are  formed  a.'«  completely  oxidized  products  by  the  oxidation  of  utty  acids 
and  glycolic  acid,  water  being  removed.  It  is  important  to  note  their  origin  from  subMonces  rich  in 
carlxjn,  r.^..  f-its.  cnriioh  yd  rates,  and  proleid*. 

(a)  Oxalic  Acid,  C./.>.^(OH),,  arises  from  the  oxidation  of  glycol,  glycin,  cellulose,  sugar,  starch, 
glycerin,  and  many  vegciohle  acids —  it  occurs  in  the  urine  as  calcium  oxalate  (H  260). 

f^)  Succinic  Acid,  C\lf,C).(tlll)j,  has  been  found  in  small  amount  in  aniiiuil  solids  and  Ruid«; 
spleen,  tivc-r.  thymus,  thyroid;  in  the  (1uid<;  of  echinococcu.«.  hydrocephalus,  anrl  hydrocele,  and 
more  at>undantly  io  dc^'s  urine  after  fatty  and  flesh  food ;  in  rabbit's  urine  after  feeding  with  yellow 
tumipK      It  K  alsn  firmed  in  small  amount  during  alcoliolic  fcrm'-'nlatiun  (^  (50). 

(5)  Cholalic  Acid  in  the  bile  {\  177)  and  in  the  intestine  ($  182). 

(6)  Aromatic  Acids  contain  the  radicle  of  benzol.  Benzoic  acid  (^phenyl-formic  acid) 
occurs  lu  urine  united  with  glycerin,  as  hippuric  add  (J  260), 


III.  Alcohols. 
Alcohols  ore  bodies  which  originate  from  carbohydrates,  in  which  the  radical  hydroKyI  (HO)  it 
5u1»tituted  for  one  or  more  atoms  of  H.  TJicy  may  be  regarded  as  water,  Jj  -  0,  in  which  the  half 

of  Ihe  II  is  replaced  by  a  CK  compound.  Thu«,  C,H,  (ethyl  hydrogen)  passes  into  ^u'  >  O 
(elhylic  alcohol).  r   H    1 

(a|     Cholesterin,      ^\\^  \  ^>  '^  °  *"^^  monatomic  alcohol,  and  occon  in  blood,  yelk,  brain, 

bile  {\  177, 4),  and  generally  in  vegetable  cells,  and  it  is  the  only  solid  monalomic  alcohol  in  the 
body.  I  OH 

{b)  Glycerin,  C,1I^  \  01 1.  i«  a  triatomic  alcohoi    It  oocun  in  neutral  bts united  with  fatly  actdt 

(oil 

and  oleic  acid ;  it  is  formed  by  the  splilling  up  of  neutral  fats  during  pancreatic  d^estion  [\  170^ 
111),  and  during  the  alcoholic  fcrmenlalion  {^  tS^)- 

(<•}  Phenol    (^=  phenylic  acid,  carl»olic  acid,  oxybenzol)  (J  184,  III), 

(d)   Pyrokatechin  ^^  dioxyl)€n;or)  (§  252). 

{<■)  The  Sugars  arc  closely  related  to  the  alcohols,  and  they  may  l;e  regarded  ax  polyatnmic 
alcohols.  Thrir  constitution  is  unknown.  Together  with  a  series  of  ctoMly  related  bodies  they 
fiinn  the  great  group  of  the  carbohydrates,  fomc  of  which  occur  in  i\\t  aninukl  body,  while  others 
sre  widely  d  sinbaled  in  the  vegetable  kingdom. 

353.  THE  CARBOHYDRATES.— Occur  in  planbt  and  animals,  and  received  their  nnme, 
liecau^  in  addition  xn  C  (at  leaM  6  atcrtn>),  they  contain  II  and  ( >,  in  the  prupunion  in  which  these 
occur  in  water  They  arc  all  snlid.  chemically  ir.ditTerent.  and  without  odnr.  They  have  either  ■ 
sweet  laMe  t^ugar«],or  can  lie  readily  changed  into  sugars  by  ihe  action  of  dilute  aads;  tbey  rotate 
Ihe  ray  of  polarized  light  cither  to  the  right  or  left ;  as  far  as  their  constitution  is  concerned,  they 
may  be  regarded  as  fitty  bodies,  as  bex-atomic  alcohols,  in  which  3H  are  waniii>g. 
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They  are  divided  into  the  following  (^mupft; — 

I.  Division.  — Glucoses  ((\n,.0,) — (i)  Grape  sugar  (glucose,  dextrase.  or  dtabpiic  rogar) 
occun  ill  mtnuie  quuuiitics  in  the  blood,  chyle,  muscle,  liver  i?).  urine,  and  io  lart<e  amount  in  the 
unne  in  diabetes  mclliius  (Jj  175).  It  i?  furmed  liy  the  action  of  diutalic  fcrnirnli  upon  uther 
cartuhydraies.  during  digestion.  In  the  vegetable  kingdom,  it  is  extensively  dioiriUuicd  in  the 
«weel  juices  of  many  fruits  and  flowers  (and  ihui  it  ^cts  into  honcy|.  It  is  formed  from  cane  >u^ar. 
mallose,  dextrin,  |>lycogen,  and  March,  by  Imiiing  «filh  dlliile  acids.  It  cryslAllizes  in  wsny  masses 
with  one  molecule  uf  water  of  cryMalliiaiiun ;  unites  with  l)asc>.  aallii,  acids,  and  alcuholt,  but  is 
easily  decomposed  t^y  bases;  it  reduces  many  metallic  oxides  (i  149I.  Fresh  solutions  have  a 
rotabory  power  of  -f-  io6<'.  [ty  fermentation  with  ycii.t  ii  5.|)liu  up  into  alcotiul  end  CO,  (jl  150); 
with  decompoung  prolcids  it  splits  into  3  molecales  of  lactic  acid  ({[  1S4,  I) ;  the  lactic  acid  splits 
up  andcr  ttic  same  conditions  in  alkaline  solutions  into  butyric  acid,  CO,,  and  II.  Kor  (he  quall- 
laiive  and  (juantiialivc  cMimaiion  of  glucnse.  sec  ^  I49  and  {  150.  In  alcoholic  solutio*.  it  forms 
very  insoluble  compounds  with  chalk,  barium,  and  potassium,  and  it  also  forms  a  crystalline  com- 
pound with  cominun  salt  (KMimntion,  i  150I. 

(3)  GsUctose,  olxatned  by  boiling  milk  sugar  (lactose)  with  dilute  mineral  acids;  it  cryMallizes 
readily,  i»  very  fcTinenlable,  and  gives  all  the  rcaciious  of  glucose.  When  oxidi/cd  willi  nitric  acid 
il  becomes  iran<)formcd  into  mucic  acid.     Its  specific  rotatory  power  ^=  -\-  88.08°. 

(3)  Luievulose  ( lefi-fruii-.  invert-,  or  mucin  sugar)  occun  as  a  colorless  synip  in  tlie  acid  juices 
of  Mote  fruits  and  in  hooey ;  is  nnn-crystallijiable,  and  insoluble  in  alcohol ;  specific  talaii>ry  power 
=  — 136*.  It  is  formed  normally  in  the  intestine  {{  183),  and  occurs  rarely  as  a  pattiological 
product  in  urine. 

II.  Division. — This  contains  carbohydrates  with  (he  formula  C|,H^O„.  and  its  members  may 
lie  rct>ardcd  at  anhydrides  of  the  lir^  division— I.  Milk  sugar  ur  lactose  occurs  only  trt  milk, 
cry«ulli2e«  in  cakes  (with  i  molecule  of  water)  from  the  syrupy  concentrated  whey;  it  rotates 
polariM*!  light  to  (he  right  =  +  59.3,  and  is  much  le^s  soluble  in  water  and  alcohol  than  grape 
sagxr.  Wlicn  bailed  with  dilute  mineral  aCids  it  passes  into  galactose,  and  can  be  directly  trans- 
forn>ed  into  lactic  aci<l  only  by  fermentation;  the  galactose,  however,  is  capable  of  undergo-ng  the 
alcohoUc  fermentation  with  veast  (Koumiss  preparation,  {  2J2).  Kor  its  quantitative  estimation 
((  3311.     Rare  in  urine  (^  267). 


3.  Maltose  (C„llj,0,, 


II3O  {O'SuUtvan)  has  1  molecule  of  water  Icss  than  grape  sugar 


(Cf,lf,,0|,).  is  formed  during  the  action  of  a  diastattc  ferment,  such  as  saliva  upon  starth  \\  148); 
is  soluble  in  alcohol,  right  rotatory  power  <=  -{-  150^;  it  is  crystalline,  while  its  reducing  power  is 
only  (wo-thlrds  that  of  dextrose.  ['l*he  ratio  of  the  reducing  power  of  maltose  to  that  of  glucose  is 
100  10  66.] 

(3.  Saccbaroae  (cane  sugar^  occurs  in  sugar  cane  and  some  plants,  it  does  not  reduce  a  solution 
of  copper,  is  msolublc  in  alcohol,  is  right -rotatory,  and  not  capable  of  fermentation.  When  lK>iled 
with  dilute  acids,  it  becomes  changed  into  a  mixture  of  easily  fcrmenlaMe  glucn«e  (righl-rotalory) 
and  laevulose  (invert  sugar,  }  l8j,  5,  and  {  1S4,  1,6),  which  ferments  with  dttficuliy  and  is  left- 
rolnlory  ({  1S3).     When  oxidised  with  nitric  acid,  it  passes  into  glucic  acid  iml  oxalic  acid.) 

[4.  Mclitosc,  from  Fucalyptus  manna;  Melextose,  from  I^rch  manna;  Trehalose  (Mycow), 
from  Krgot:   all  are  right -rotatory,  and  do  not  reduce  alkaline  cupric  solutions.) 

III.  Division. — This  contains  carbohydrates,  with  the  formula,  CgHmO|.  which  may  be  regarded 
as  anhydndes  of  the  second  division. 

1.  Glycogen,  with  a  dextro-mtatory  pK>wer  of  311°,  does  not  reduce  cupHc  oxide.  It  occurs  in 
the  liver  (J  174I,  muscles,  many  embryonic  tissues,  the  embryonic  area  of  the  chick  {hfi/z),  in 
normal  and  pathological  epithelium;  i;i  diabetic  persons  it  is  widely  distributed;  brain,  pancreas, 
and  canilagc;  and  in  the  spleen,  pancreas,  kidney,  ovum,  brain,  and  blood,  together  with  a  stnsll 
amount  of  glucose  [Pavy).  It  also  occurs  in  the  oyster  and  some  of  the  mollusks  |  A»/>),  and 
indeed  in  all  li»ues  and  classes  of  the  animal  kingdom. 

2.  Dextrin  was  discovered  by  IJmpricht  in  the  muscles  of  the  horse.  Il  is  right 'rotatory  ^  -\- 
138'*,  soluble  in  water,  and  forms  a  very  sticky  solution,  from  which  il  \\  precip)iate<l  by  alcohol  or 
acetic  acid :  it  is  tinged  slightly  red  with  iodine.  It  is  formed  in  roasted  starch  (hence  il  occurs  in 
loxe  quantity  in  the  crust  of  bread — see  Bread,  j|  234),  by  diluie  acids,  and  in  the  body  liy  the 
aaiori  of  ferments  {i,  14S}.  It  is  formed  from  cellulose  by  the  anion  of  dilute  sulphuric  acid.  It 
occurs  in  beer,  and  is  found  in  the  juices  of  most  plants. 

3.  Amylum  or  Starch  occurs  in  the  "  mealy  "  parts  of  many  plants,  is  formed  within  vegetable 
cells,  and  con>LMs  of  concentric  layers  with  an  eccentric  nucleus  (Fig.  239).  The  diameter  and 
characters  of  starch  graiiu  vary  greatly  with  ihe  plant  from  which  they  are  derived.  At  72**  C  il 
swells  up  in  wairr  and  forms  a  mucilage :  in  Ihe  cold,  iodine  colors  it  blue.  Sinrch  grains  always 
contain  more  or  less  cellulose  and  a  substance,  erythrogranulose,  v  hich  is  cutoied  red  with  iodine 
()  148^  It  and  ^/frtftc'*  ire  transformed  inln  dcvin»vr  by  crrlain  digcMivc  fernicnii  in  llie  saliva, 
|iancreatic,  and  Intestinal  juices,  and  aTiittcially  by  bulling  with  dilute  sulphanc  acirl. 

(4.  Gum,  Cjgll^O^.  occurs  in  vegetable  juices  (especially  in  acacix  and  mimo^T^,  also  in  the 
salivary  glands  mucous  tivsue,  tung»,  and  unne;  is  partly  soluble  in  water  (arabio),  piaaly  swells 
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up  like  mucin  (banorin).  Alcohol  prccipiutc*  it.  It  is  rermentible*  and  when  boiled  with  dilate 
acids  yicMb  b  reducing  sugar.) 

(5.  Inulin.  a  crj-stalline  powder  occurring  in  the  root  of  chicory,  daodelion,  and  ^ctmlly  in  the 
balbsof  ihe  linMia;  it  i<t  not  colured  liluc  by  iodine.) 

(6.  Lichenin  occurs  in  the  imercellular  subsiance  of  loeUnd  moss  (Cciraria  islandica)  and  algur; 
Is  tranffurmvd  ittto  ^lucusc  by  dilute  sulphuric  acid.) 

17.  Paramylutn  occurs  in  the  fonn  of  f^nules  reseoiUing  starch,  in  the  inrtisoria.  Euglena 
viridifc.) 

(N.  Cellulose  occura  in  the  cell  valls  of  all  plants  (in  the  exo-slcelcton  of  anhropoda,  and  the 
skin  of  5nakc$] :  soluble  only  in  ainmonio-cupric  oxide  ;  rendered  blue  by  sulphuric  acid  and  iodine 
lioilcd  with  dilute  sulphuric  acid,  it  yields  dextrin  and  clucoi»c.     L'onccntratcd  nitric  acid  inii«ed 


a,  Wnt  IndiRB  utowiooI  :  t,  Tiihid  arrowroM ;  4,  PoCato  »tarch. 

with  sulphuric  acid  changes  it  (collon)  into  nllro-cellulose  (gun  cotton),  C;,H,lNO,l,0j.  whidi 
dissolves  ill  a  mixture  of  ctber  ana  alcohol  and  forms  collodion.} 

(9.  Tunicin  i»  &  substance  resembling  cellulose,  and  occurs  in  the  integument  of  the  Tunicaia  or 
Ascidinn^.) 

IV.  Division. — This  coniains  the  carbohyiJ rates  which  do  not  ferment. 

I.  Inosit  (phasco-rtMinnit,  niusclc  5U;:ar)  occurs  in  muscle  {Severer),  lunp,  liver,  spleen,  kidney, 
bniD  nf  ox,  human  kidney;  palholocicalty  in  urtne  and  the  fluid  of  echinococcus.  In  the  vegetable 
kingdom,  in  Iwans  (Icgumiimsa:),  and  the  juice  of  the  grape.  It  is  an  isomer  of  grape  sugar; 
opiically  it  is  inactive,  crystallr7.es  in  wans  with  2  molecules  of  water,  in  long  monoclinic  crystals; 
it  has  a  sweet  lasle,  is  insoluble  in  water,  docs  no*  cive  Trommcr'-i  reaction,  is  capable  of  umicrKoin'; 
only  ibe  sarcolactic  acid  fermentation.  (Nearly  allied  arc  Sorbin,  Iroiii  sorbic  acid — Scyllit,  from 
the  iniesimcs  of  the  hag  lish  and  skate— and  Eukalyn,  arising  from  the  fermenuiiun  of  racliiuse.) 


CH. 


N. 


IV.  Derivatives  of  Ammonia  and  their  Compoiinda. 
The  ammonia  derivatives  ire  i^biainod  from  the  pmieids,  and  are  decomposition  products  of 
tlieir  met.il)nli!«m. 

(1)  Amines,  /./.  compound  ammnnias  which  Can  be  obtained  from  ammonia  (Nil,),  or  from 
ammonium  hydroxide  [NHi  —  OH),  by  replacing  one  or  all  the  atoms  of  H  by  groups  of  cart>o- 
hydrates  (alcohol  radicals).  The  amine  derived  from  ant  molecule  of  ammonia  is  called  mon- 
■mine.     We  aie  only  ucquainted  with 

CH,] 
Metbylamine  and  Tri-Mcthylaroine.  CH, 

CH,  j  CH, 

as  decampouiian  products  of  cholin  (neurin)  and  of  kreaitn.     Neurin  occurs  in  lecithin  in  a  veiy 
comfilex  conilnnation  (•'ee  Lecithin,  p.  429,  and  ilw  i|  2j). 

(2)  Amides,  /.  r.,  dcrivauvcs  of  acids,  which  have  cxchanj;ed  the  hydroxy!  (HO)  of  the  acids 
for  NH,.  Urea,  CO(NH,),,  the  bi-amid  of  CO^  is  the  chief  end  product  of  the  mct.ilKili»m  of  tbe 
nhrDgenous  constiiuerts  ot  our  bodies  (see  l/rim,  ^  256).  Carbon  dioxide  coolauung  water  "^ 
CO^OH),,  where  tM.ih  OH  arc  replaced  by  NH,— thus  we  get  CO(NH^),.  urea. 

(3)  Amido  acids,  i-  e  ,  nitrogrnou.f  com|xiutid<t,  which  show  [larily  the  character  of  an  acid  and 
panly  that  of  a  weak  base,  in  which  the  atoms  of  H  of  the  acid  radical  are  replace<l  by  NH,.  or  by 
the  ^ulKiiluied  ammoiiin  gn>up9. 

(tt)  Olycin  (or  amido-acelic  acid,  glycocoll,  gebtin  sugjr,  §  177,  a)  is  formed  by  boiling  gelalin 
with  dilute  ftulphuric  acid.  It  has  a  sweet  loMc  (|>elalin  sugar),  behaves  as  a  weak  acid,  but  also 
unites  with  acids  at  an  amine  base.  It  occurs  as  glycin  -f-  benzoic  acid  «=  hippuric  acid  in  urine 
(I  260);   and  also  a«  glycin -|- cbolalic  acid  ^  glycochohc  acid  in  bile  (J  177)>     (^)  l-eacin 
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— (I  i7o)^anii(lo<aproic  acid,     (r)  Serin — (  ^?  ftmido- lactic  acid)  oUained  rrotn  tilk  gelatin. 
{(/)  Aspartic  acid— (amido-iuccinic  acid) ;  and  {/)  Glutamic  acid,  uUained  by  the  splitting  up  ot 

rolcidfi  15  170}.  '  ithoramido  adds  are — (y")  Cystin  ^ramiilo-laciicacid,  in  which  O  isixplaccd  by 
(I  268).  (i)  Taurin— iS  177),  ainidO'ethyl-!iut|thonic  acid,  occurs  (excejit  in  certain  glauds) 
chii^jr  in  combination  with  cholalic  acid,  as  taurocholic  acid  in  l>ile.  Tyroain  (pa^ahy(]ro-oxy{>he^>'^ 
amido-propionic  acid),  an  amido  acid  of  unknown  constitution,  occurs  along  with  icucin  during  pan- 
creatic digestion  (J  170),  a  a  decompoNtion  product  of  proteida,  and  occurs  plentifully  in  tlw  urine  ia 
acute  yellow  atrophy  of  the  liver  ($  269). 

Tu  the  amido  acidi  are  related — (>i)  Kreatin  in  muscle,  brain,  blood,  urine,  regarded  as  methyl- 
uramidn^acetic  add  (C^II^N^t.),).  It  has  ticen  prepared  arlittcially-  When  biiiled  with  baryta 
water,  it  lakes  up  H^O,  and  splits  iulo  urea — and  {6)  Sarkoain  (C,IItN(.>„).  tucthyl  nntido-occtic 
acid.  When  liciilcd  with  watrr,  healed  with  strong  acids,  in  the  presence  of  putrefying  ^uhklances, 
kreatin  give^  ofT  water,  and  is  changol  into  kreatinin  (C^HfN,0).  This  strong  base  can  be 
rcchangcd  by  alkalies  into  kreatin. 

U>  Ammonia  Derivatives  of  Unknown  Conatitution. — Uric  acid  ({  25S);  allantoin  ({  260), 
b  formed  by  the  oxidation  uT  uric  acid  by  means  uf  |K4assium  jierinanganate ;  cyanuric  acid  in 
dog's  urine ;  inoainic  acid  in  muscle ;  guanin  in  traces  in  the  liver  and  pancreas,  in  gunno,  the 
eactements  of  spiders,  in  the  skin  of  atnphitjia  and  rejriiles.  in  the  silver  sheen  of  many  lishes  {A. 
Jiwald  nnJ  A'ruimh*rg)  y\  283) :  1>t  ojiidatinn  it  pelds  urea;  hypoxanthin  or  aarkin  iiccurs  along 
with  xanthin  in  ntany  organs  an  J  in  urine.  KoskI  preparetl  hypoxanihin  Irom  nucldn  by  prolonged 
boitittg  of  the  latter.  It  may  l)c  obtained  from  fibrin  by  putrefaction,  by  gastric  and  pancreatic 
digestion,  aitd  hy  dilute  adds  {SahmoH,  //.  A'ranj/,  CAittenJfn)  \  xanthin  is  [>rrpared  by  oxidation 
frooi  hyfioxanthin.  It  occurs  very  rarely  in  the  form  of  a  urinary  calculus.  Paraxantbin  in  urine 
and  a  .Mmilar  body  camin  in  ileshiS  233)-  [Adenin  (CjH.Njl,  discorrrrd  by  Kowel  in  the 
paocrca*.  yeast,  ai>d  tea  leaves,  has  also  been  isolated  from  the  splcefi,  lymphatic  glands,  and  kidney ; 
It  appears  (o  be  present  in  alt  highly  cellular  nnimal  and  vrgclnble  tissues,  Like  the  allied  bases — 
xanthin  and  gnanin,  it  is  a  derivative  of  the  nuclcin  of  the  nuclei.] 

Aromatic  Substances. 
I.  Monaiomic  phenols— ^«i)  Phenol  i  liydroxyl  of  benzol)  in  the  intestine  [\  tS4).  fhenyl 
sulphonic  acid  in  urine  (I  262).  {(•)  Kresol,  in  the  form  of  prthokrtiol  and  /rir/r^r/jo^  united 
with  sulpbonic  acid,  occur  in  urine  (j  263).  a.  Diatomic  pfacnols — (a)  pyrokatechln  united 
with  «ulpbonic  acid  in  urine  ( 2  262).  3.  Aromatic  oxyacids — i^a)  Hydrp/aritcumahc  aciJ ;  {b) 
Pafaoxyphntylacetic  acid  in  urine  (|  262).  4.  Indol  and  skalol  in  tl»e  intestine  ({  1S4),  con- 
)oined  with  sulphonic  add  in  urine  ({  262). 

333.  HISTORICAL. — .'\ccording  to  Ari^otte,  the  organUin  requires  food  for  three  purposes — 
(or  growth,  for  the  production  of  heat,  and  to  compensate  for  the  loss  of  the  bodily  excreta.  The 
formation  of  heat  takes  place  in  the  heart  by  a  proccts  of  concoction,  the  heat  so  formed  being  dis- 
tributed to  all  parts  brthel)ody  by  means  of  the  blood,  while  respiration  is  regarded  as  an  act  whereby 
Ibe  blood  is  cooled.  Galen  accc[Xedtlii»  view  in  a  somewbol  modilied  form  ;  according  to  him,  the 
metabolic  processes  may  be  compared  to  the  processes  going  on  in  a  lamp ;  the  blfjod  represents  the 
oil;  the  heirt,  the  wick  :  the  lutigs,  the  fanning  apparatus.  According  to  the  view  of  the  iatro- 
chemical  school  yvan  Ifelmonl\y  the  metat>olic  processes  of  the  body  are  fermentations,  whereby  the 
food  b  mixed  with  the  juices  of  the  body.  Since  the  middle  of  the  seventeenth  century  (Boyir),  the 
knowledge  of  the  mctal>u]ic  pruccitscs  has  folk>wed  the  development  of  chemistry.  A.  V.  lialler 
regarded  heat  as  due  to  chemical  processes — the  food  continually  supplying  the  waste  which  is  ex- 
creted from  the  body.  After  the  discovery  of  oxygen  (1774.  by  Friestley  and  .Scheele),  Lavoisier 
fonnuloted  the  theory  o{  combustion  in  the  lungs,  whereby  cartionic  acid  and  water  were  fonned. 
Mitscherlich  compared  the  decomposition  procc«>cs  in  the  hviug  lx)dy  with  putrefactive  javccsses. 
Mogrndie  vtas  the  tirst  to  emphasise  the  difference  between  nitrogenous  and  non -nitrogenous  foods, 
and  be  shewed  that  the  latter  alone  were  not  able  to  support  life.  Even  gelatin  alone  is  not  sufTi- 
Ctent  (or  this  purpose.  The  yreitest  advance  in  the  theory  of  nutrition  was  made  by  J.  V.  Liebig. 
wbo  laid  the  foundation  of  our  present  knowledge  of  this  subject,  .\ccording  to  [.iel^g,  foods  may 
be  divide*!  into  two  classes,  viz.,  the  '*  plastic,"  suitable  for  the  construction  of  the  organism,  nitd 
the  *'  respiratory"  for  the  maintenance  of  the  temperature ;  lo  the  former  class  he  referred  the  a1bu> 
minatcs  or  protcids,  to  the  latter,  the  nL>n-nitrogcnou<t  cart  k>Ii  yd  rates  an<l  fats  (p.  403).  Among 
recent  obaeners,  the  Munich  School,  as  represented  by  v  nischofT,  v.  Pettenkofer,  and  v.  Voit,  has 
done  most  lo  give  us  an  exact  knowIeJge  of  tbi^  departuieut  of  physiology. 
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M«]iiiehi&n  corpuscles,  uict  the  itrix  |o  the  mcflnllary  rays.    The  lioundary  nmc  ii  dBrlcer,  and 

often   purplish  in  color.     It  u  siriated  wiih  clear  and  red  lines  ahcrnat'iDg  with  opaque  ones,  the 

(bnner  tfrini;  Mood  vcMcls  and  the  Utter  urmifcrous  tuimlcs.     The  papillary   lonc   i*   nearly  white 

ftad  uniformly  Mriatcd,  the  stri^:  converging  to 

the  mpex   of  tlie  pyramid.     'Ilie    medulla  is  Kic.  241. 

touch  denser  and  leas  friable  than  the  cortex,  _    ^ 

owing  to  the  presence  of  a  large  amount  of  ^  ''^ 

connrctive  tiuiie   I>etwcen   Ihc   tutxiles.     The  '~ 

bandies  of  straight  tube*  of  tlie  medulla  may 

be  traced  at  rrirular  intervals  running  outward 

into  the  cortex,  consiiiuiing  medullary  rays, 

which  l>ecnme  tmaller  as  they  pas.^  ouiwArd  in 

the  cortical  /one.  K)  thai  ihey  are  conical  and 

form  the  pyramids  of  Ferrein   (Kig.   241, 

PF).     The  pnnron  of  Ihc  ccalex  Ijing  between 

the  medullir>'  rayn  is  known  at  the  labyrinth. 

frOfn    the     coniplicaled     arrani;cment     of    its 

tnhates.  ] 

[Size,  Weight. — The  adult  kidney  is 
about  II  centimetres  (4.4  incbci)  in  Icof^lh.  5 
centimetres  iz  inches)  wide,  and  j  centimetres 
(1  inch)  in  thickness.  It  weighs  in  the  male 
113.5  10  170  grms.  \4  to  6  ot.),  in  the  female 
113. 5  to  156  Rrm*.  ^4  to  5)4  oz.V  The  widch 
of  the  cortex  is  usually  5  to  6  millimetres  (|  to 
\  inch).] 

I.  The  uriniferous  tubules  all  rise  within 
the  labyrinth  of  the  cortex  hy  means  of  a 
globutar  enlar^ctnciil,  2oo  to  300  u  \_i\^  to 
y^s  Inch]  in  diameter,  called  Bowman's 
capsule  (,Fi|;&.  242,  243).  Aftrr  pumiinf;  a 
complicated  course,  altering  their  direction, 
diameter,  and  Mructure,  and  being  joined  by 
other  tuhules,  they  ultimately  form  targe  collect- 
ing tuV>es,  which  terminate  by  iniiiuti-  a[M:rlures, 
vtMbIc  with  the  aid  of  a  hand  leas,  on  the 
apices  of  the  papili.e  projecting  into  the  caliccs 
of  the  kidney.  r.ach  urinnry  lubutc  i^  crmi- 
poscd  of  a  homcf  cncous  roembrana  propria, 
lined  by  epithelial  cells,  so  as  to  leave  a  luincri 
for  the  paMogeof  the  urine  from  the  Malpighian 
corpuscles  to  the  pelvis  of  the  kidney.  The  diameter  and  direction  of  the  tubules  vary,  and  the 
eptlhelium  differs  in  its  characters  at  different  parts  of  the  tabe,  while  (be  lumen  also  undergoes 
alterations  in  its  diameter. 

Course  and  Structure  of  the  Tubules. — In  the  labyrinth  of  the  cortex,  tubiilcf  ari-ic  in  the 
sphenciil  cnlar^jcmtiii  known  as  Bowman's  capsule  (Hg.  242,  1).  which  invests  (in  the  manner 
presently  to  be  described)  the  lufl  uf  capiiUry  bloo<l  vcsacIs  called  a  glomerulus  or  Malpighioa 
corpuscle.  Uy  means  of  a  short  and  narrow  neck  (2)  the  capsule  l>cccfntcs  continuous  with  a  con- 
voluted lulwle.  X  in  Kig.  243.  This  tubule  is  of  considerable  length,  forming  many  windings  in 
Ihc  cortex  ( Fig.  242,  3) ;  the  first  part  of  it  is  45  ^  wide,  conMiluiiug  the  proximal  or  fir^t  convo- 
luted tubule.  It  becomes  continuous  with  a  spiral  tubule  of  ^hachowa  (41,  which  lic^  in  a 
medntlary  ray  where  it  pursues  a  slightly  Avavy  or  spiral  course.  On  the  boundary  line  between  the 
cortical  and  boundary  zone,  the  spiral  tubule  suddenly  l«cnmcs  smaller  and  passes  into  the  descend- 
ing portion  of  Henle's  loop  (5),  which  u  14  u  in  breadth,  and  is  continued  downward  through 
the  boundary  7one  into  the  mcilulU.  where  tt  forms  tlie  narrow  loop  of  Henle  (6),  which  runs 
tackuard  in  the  ntedutlary  jiart  to  the  boumiar}-  xone.  Here  it  becomes  wider  (20-3^,fi),  and  as  il 
continues  its  undulating  course,  it  enters  a  meitullary  ray,  where  it  constitutes  the  ascending 
looped  tube  (7),  which  becomes  narrower  in  the  cortex.  I.eaving  the  medullary  ray  again,  it 
passes  into  the  labyrinth,  where  it  forms  a  lube  with  irregular  angular  onilines— the  irregular 
tubule  <io),  which  is  continuous  with  (Fig.  24}.  n,  »)  the  second  or  distal  convoluted  tubule 
(11),  which  rckcmblei  the  proximal  lubulr  of  the  same  name.  Its  diameter  is  40  ^.  A  fthort, 
narrow,  mavy  junctional  or  curved  collecting  tubule  {121  connects  the  latter  with  one  of  the 
Straight  collecting  tubes  (13I  of  a  medullary  ray.  As  the  collecting  tubule  proceeds  through 
eb*  boundary  icmc.  it  receiver  numerous  junctional  tubes,  aitd  when  it  reaches  the  houndaiy  n>ne«  U 
fonns  one  of  the  collecting  tubes  l^Kig.  243,  (^),  which  miiic  with  one  another  at  acute  angles  to 
ibrm  the  larger  straight  excretory  tubes  or  dacts  of  Bellini  (15).  which  open  on  the  summit  of 
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Ihe  Malpighian  pyramids  into  a.  calyx  of  ilie  pcUw  of  the  kidney.  In  ihc  cortex  ihe  collecting 
luhules  are  45  ft  jit  {li&meier.  but  where  they  have  formed  an  excretory-  tube  [<)),  their  diameter  u 
200  to  300  fi;  24  to  80  of  these  tul)es  open  on  the  apex  of  each  of  the  iz  to  15  Malpighian  pyra- 
mids. In  Ihe  lowest  and  bruade^t  part,  the  mcnibrana  propria  is  urengihened  by  the  presence  of  a 
thick  supporting  framework  of  connective  tissue. 

Structure  of  the  Tubules. — [Relow  the  neck,  the  tubttlei  arc  lined  everywhere  by  a  sjogle 
layer  of  nucleated  epithelium.]     Bowman's  capsule,  which  is  about  j^^  inch  in  diameter  (Viz*- 
244,  II),  consists  of  a  homogeneous  Uucment  membrane  lined   internally  by  a  single  ccmtinuoufti 
layer  of  flallcnetl  cells   it).     According  to    Kolh,   the   basctncnl    mcnobranc   itself  ii  composed  oT 
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Diacnun  of  the  coufse  of  two  uriBtferoiu  tubule*  {fCTtim  tiWAW/cKSif AA). 

endothelial  cells.  [In  the  ftclus  the  lining  cells  arc  more  polyhedral.]  Within  the  capsule  Ho  the 
glomerulus  or  tofi  of  blood  rewels.  The  cells  lining  the  capsule  are  reflected  otct  and  between  the 
lobules  of  which  the  glomerulus  consists  The  glomerulus  may  not  completely  Bll  the  capsule^  10 
that,  according  lo  the  activity  of  the  kidney,  there  may  t>c  n  larger  or  smaller  space  between  the 
glomerulus  and  ihc  cap-sule  into  which  the  filtered  urine  passes,  llie  neck  is  lined  by  cubical  cells. 
These  cells,  in  some  animals,  e.  i.'.,  the  rabbit,  sheep,  mouse,  and  frog,  are  ciliated. 

The  proxinnal  convoluted  tubule  is  lined  by  characteristic  epithelium.     The  cells,  which  an 
short  or  polyhedral,  coauia  a  turbid  or  cloody  protoplasm  (Fig.  244,  lit,  i  and  2),  wliich  not 
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unfrequently  contains  oil  globules,  and  ibey  fonn  a  single  layer.  Each  cell  consiils  of  two  poits; 
the  inner,  containing  ihe  spherical  nuclear,  is  neit  (he  lumen,  and  granular  (III,  2,  f),  while  the 
outei  [wrt,  next  tlie  meml'rana  propria,  appears  fibrilUted.  or  "  redded,"  from  the  prewttce  of  roils 
or  fihriU  placed  vertically  to  the  LiaKiiicat  membraoc  (tig.  245).  These  appear  like  the  hain  of  a 
brufh  pressed  upon  a  plale  of  glnu 
(III,  2).  The  cells  are  not  easily 
wparaied  from  each  other,  a*  neigh- 
boring cells  interlock  by  means  of 
the  branched  ridge&  on  their  sur- 
&CCS  { 1 1  i,  I ) — ( i/fitifnMain,  Sih'j- 
rkovm).  The  lamen  '\s  well  dc- 
lined,  nit  its  size  secm»  to  depend 
upon  the  state  of  imbibition  of  the 
cells  bounding  it. 

The  spiral  tubule  has  similar 
epithelium  and  a  corresponding 
lumen,  ahhough  the  epithelium 
become*  lower  and  wmewhat  al- 
tered in  its  chiiraaeis  at  the  lower 
pari  of  the  tube. 

The  descending  limb  of  Hen- 
le*8  loop,  and  the  loop  itself 
with  a  relatively  wide  lumen,  are 
bounded  by  clear,  Hattened,  epi- 
ibelial  cells,  with  a  bulging  nucleus 
(IV,  S);  the  cells  lying  on  one 
side  of  the  luLc  l>cing  so  placed 
that  (he  tnilging  part  of  the  Intdies 
of  the  cells  is  opposite  the  thin 
part  of  the  celU  on  the  o|i|>OMlc 
side  of  the  tube.  [Tliese  tubes 
might  be  mistaken  for  blood  capd- 
lanes,  but  in  addition  to  their  S(|ua- 
mous  lining,  (hey  have  a  basement 
membrane,  which  capillaries  have 
not]  In  the  ascending  limb, 
Ihe  lumen  is  reUtivety  wide,  while 
its  epiihetium  agrees  generally  with 
that  ill  the  convoluted  tubule,  ex- 
cepting that  the  "rods"  are  shorter. 
Sometimes  the  cells  arc  arranged 
io  an  ''  imbricate"  manner. 

In  the  irre^lar  tubule,  which 
has  a  very  kinall  lumen,  Ihe  poly- 
heitral  cells  lining  it  contain  oval 
nuclei,  and  are  shorter  than  those 
of  the  convoluted  tubules.  The 
cells,  again,  are  very  irregular  in 
siee,  whde  iheir  "rodded"  char- 
acter is  much  coarser  and  mofe 
defined  (Fig.  246). 

The  distal  coDvoluted  tubule 
clo&cly  rcsemblctt  in  its  «lructurc 
the  proximal  convoJuted  tubule, 
and  is  lined  by  similar  cells.  The 
cnrt'fJ  ca/tfttingt  or  junctional 
tubule,  ahhough  narrow,  bai  a 
relatively  wide  lumen,  as  it  is 
ttned  hj  clear,  somewhat  ttatiened 
oelU. 

The  collecting  tubes  have  a 
dbtinct  lumen,  and  are  lined  by 
(Itar,  somewhat  irregular,  cubical 
celN  (tig.  244.  V),  which  in  the  larger  eicreti'ry  Inhcs  are  distinctly  columnar  (VI),  The  base* 
meni  membrane  is  said  to  be  ati«ent  in  the  lamer  tubes.  ^  K  lein  describes  a  thin,  delicate,  naclealed, 
oeBtro-lttbular  membrane  lining  the  ittr£ice  or  the  epjtheliam  next  the  lumen.] 


I,  BfaKxl  vMMb  and  urialfarowtubulMof  lb*  kidney  {•«inMucreRimatic): 
A,  cap)lUrie»of  ihccortci,  B,  of  ih«  BcdulU  ;  «,  Interlobular  xrMry; 
I,  raa  uRcroia  ;  ■,  vai  cfTercm:  r,  t,  va»  ncUi,  c,  vena  rvctB  :  V,  r, 
inUr-tobuUr  vcIb  -  S,  origin  ofa  veaa  (tellaU:  r.  i',  Howman'*  CApmls 
■ad  aloaeniliM ;  a,  X ,  convoluted  tubuks :  /.  t,  Mcnlc**  loop :  n,  n, 
JaMOonal  pteee ;  •,  9,  coltoctisg  utat :  O.  eactwtory  tube. 
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IL  The  Blood  Vessels. — The  renal  artery  (Fig.  250)  divides  into  four  or  five  branches,  which 
pass  into  ihc  kidiic)-  al  the  hilum.  These  branches,  surrounded  by  connective  tissue  conttnuoni  with 
that  cf  the  capsule,  cominoe  (o  dtWde,  and  pass  between  the  pApillx,  lo  reach  the  Iams  of  the 
pyraniids  on  the  limits  iietwcen  the  cortical  and  1>oundary  zones,  wliere  they  form  incomplete  arches. 
From  these  hori»Dntal  triinl<5,  the  interglobular  arteries  (Fig.  343. 1?)  run  vertically  and  singly  into 
ibc  cortex,  between  each  two  medullar^'  rays,  and  in  their  course  ihcy  give  off  00  all  sides  (he  short, 
undivided  vasa  afTcrentia  ( i ),  each  of  which  enters  a  Malpighian  capsule  at  the  oppoKite  pole  from 
which  the  urinary  lubulc  is  given  off.  Within  the  capsule,  each  aft'erent  artery  breaks  up  into  capilla- 
ries arranged  in  lobules  and  supported  by  connective  tissue,  the  whole  forming  a  tufi  of  capillary  blood 

•  Fn;.  244. 
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II,  Rowmiin"?  capiulc  niu)  slomeruliis.  a,  va»  afferent  ;  r,  vxt  cffsron^:  r.  capillary  network  uf  ihe  corlcx;  *.  en- 
dolhclium  ol  ih«  ca[wiile;  A,  orijtln  of  a  convoluted  tubule.  1 1 1 ,  "  rodded  "  celU  from  k  convoliiivd  tubule — 
3,  seen  from  ihc  aide,  with  /■,  inner  j^nmubr  «oin; ;  i,  fmni  lUc  nuriiicr.  IV,  cell  liBinj;  Henlc's  looped  tubule, 
V,  uUs  (if  a  collecting  (ulic.    VI,  section  of  kii  eiccrelory  tube. 

vessels,  or  a  gtomerulus.  Kach  j^lomerutua  is  covered  on  its  surface,  directed  toward  Ihew-all  of  the 
capsule  by  a  layer  of  tlai,nocteflTC(l,  epithelial  cells  (He-  229,  II),  which  also  dip  down  between  the 
capillaries.  A  vein,  the  vas  eHcrens  {2),  which  is  always  smaller  than  the  afferent  arteriole,  proceeds 
from  the  centre  of  the  glomentlus.  and  leaves  the  capsule  close  to  the  point  at  which  the  afferent  vessel 
enters  it  (Fig.  244.  II).  In  thdr  structure  an<l  iltstiii>uiion  all  the  efferent  vessels  resemble  arteries,  as 
they  divide  into  branches  to  form  a  dense,  narmw-meshed  capillary  network  (Fig,  243,  A,  and 
Hg.  244, 11,^),  which  ramifies  over  and  l>ctwecn  the  convoluicti  lubujcs.  The  meshes  are  elongated 
around   the   Itilmlcs  of  the  medullary  rays,  ant^l  more   jiolyyonal  around   the  convoluted   tubules 
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Convoioted  tubule  (Hftcr  ammoniuia  cliromatc)  fthowlng 
"rodded"  cpiiheliuni. 


fiMt^ 


Kpithdium  ri    in  Irregular  tubule  ol   tba 
kidney  of  a  dog. 


(Hg.  243).  Some  of  the  lowest  efferent  vessels  splic  up  into  vasa  recta,  which  nm  toward  the 
medulla.  Tlie  inlcrlobutar  arteries  become  smaller  as  Ihcy  pass  toward  the  surface  of  the  kidney, 
and  some  of  their  terminal  capillaries,  communicate  with  the  capillaries  of  the  external  capsule 
itself.  Venous  trunks  pracee<i  from  the  capillary  network,  to  terminate  in  the  inter-lobular  vems 
(V^),  which  begin  close  under  ihe  capsule  liy  venous  radicals  arranged  in  a  stellate  manner  (eonsd-- 
luting  the  stcll;ilie  Verheynii,  or  vena  stellalse),  and  accompany  the  corresponding  artery  to  th^ 
limit  Ijelwccn  the  ctvrtcx  and  Iwundary  /one.  where  they  communicate  with  the  large  venous  trunks 
in  that  situation. 

The  blood  vessels  of  the  medulla  arise  from  the  vasa  recta  (Fig.  243,  r).  which  Iwgin  on  the 
limit  of  the  cortex  and  medulla,  either  as  single,  direct,  muscular  branches  [r)  of  the  large  aaeriaf 
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tranki,  or  from  those  efferent  votsels  (#)  which  Ue  next  to  the  medulla.  The  tsller  arc  soul  to  be 
devoid  of  muscle.  According  to  HaKhke,  a.  few  vua  recta  are  formed  by  the  union  of  the  copil- 
lariesof  the  medullar^'  rays.  All  the  vomi  recta  enter  tlie  boundary  layer,  where  they  split  up  into 
a  leash  or  prncil  of  small  arteriole*,  whkh  pass  between  the  straight  iuIaiIcs  toward  the  pclvt»,  and 
form  in  tlirtr  courses  n  capilUry  network  with  L-longalcd  meshes.  From  these  capillaries  there  arise 
venous  raiiicle?,  which,  lu  they  procvcd  toward  the  limit  between  the  cortex  and  medulln,  form  the 
venae  rtcist  (e),  and  open  into  ttir-  concave  tide  of  the  venous  trunks  in  (his  region.  At  the  apex 
of  the  papilla:,  the  capillaries  ot  the  mcduUa  form  conuectiuns  with  ihe  ro&ctte-likc  capillaries  sur- 
rounding the  excretory  dacts  (at  1). 

[The  ciiculation  tlux>Dgh  tne  vasa  recta  is  most  important.  The  cortical  system  of  blood  vcssdii 
communicates  with  the  medullary,  but  ns  most  of  the  vasa  recta  ore  derived  from  the  some  veswt  as 
the  interlul]ular  arteries,  it  ii  evident  that  they  may  form  a  side  stream  through  which  much  of  the 
blood  may  pa»*  wilhout  traversing  the  vessel*  of  the  cortex.  Very  probably  the  "short  cut"  is  use- 
ful in  coni^estions  of  the  kidney.  The  amount  nf  dislentian  of  these  vessels  also  will  influence 
the  sue  of  the  tubules  tyiiK  between  them.  There  are  two  otlier  channels  by  which  blood 
can  paM  through  the  renal  aiteriea  without  traversing  the  glomeruli  ( i )  The  anastomosev 
between  the  terminal  twigs  of  the  leoal  artery  and  the  sulicamular  venous  plexus;  (2)  small 
broDches  given  oflT,  either!))'  the  interlobular  arteries  or  by  the  anercnt  vessels  before  entering  the 
glomeruli  ^^fMM/on).] 

The  blood  vessels  of  the  external  capsule  are  derived  fMutly  from  the  terminal  twi(;s  of 
the  interlobular  arteries,  partly  from  bratKhcsof  the  wiprarenal,  phrenic,  and  lumL^ar  arteries,  which 
anastomose  with  each  other.  The  capillar)'  network  \\»s  simple  meshes.  'J'he  venous  radicles  posd 
portly  into  the  venx  stellaix,  and  partly  into  the  vdni  of  the  same  name  a.<i  the  ancriet.  The  con- 
nection of  the  area  of  the  renal  artery  with  the  other  arteries  of  the  capsule  explain*;  why,  after 
li^ure  of  the  renal  artery  within  the  kidney,  the  blood  still  circulates  in  the  external  capsule  (C 
Lu,hvig^  Af.  f/errmaHtf);  in  fact,  these  blood  ves»ek  still  supply  (he  kidney  with  a  small  amount 
of  blood,  which  may  suffice  to  permit  a  slight  secretion  of  urine  to  take  place  {LiUfn,  Pautytuki). 

III.  The  lymphatics  form  a  wide-meshed  plexus  m  the  capsule  of  the  kidne)',  while  under  it 
they  form  large  spaces  I  iitiJrnhain).  In  the  parenchyma  of  the  kidney,  the  lymphatics  are  said  to 
be  represented  It)'  large  stil«  devoid  of  a  wall  in  the  tissues,  and  are  mare  numermu  around  the 
cooTotuted  than  the  straight  tubules.  The  slits  pass  to  the  surface  of  the  kidn<n>',  and  cKpand  under 
the  capsule.  When  the  lymphmjcs  are  greatly  distended,  they  tend  to  compress,  the  urinifcrous 
tubule*  ami  the  blooii  vessels  {C.  Lud-wig ami  Zaxvitryl-itt  ),  According  to  Kyndowsky,  the  urini- 
fcroua  tubules  arc  surrounded  by  tiue  lymphatics  with  an  endothelial  lining,  and  they  even  [wnetrate 
into  the  copsvle  of  Iktwnian  along  with  the  vas  aflfetens.  [The  targe  btf}od  ve&!>cls  are  also  sur* 
routtded  by  lymphatics].  I-arge 
lymphatics,  provided  with  valves, 
pass  out  of  the  kidney's  at  the  hilum, 
while  others  emerge  through  the  capr- 
sole;  Itoth  sets  are  connected  with 
the  lymph  spaces  of  the  capMile  of 
the  kidney  {A.  Budgt). 

IV.  The  nerves  form  small 
trunks  {irovided  with  ganglia,  and 
accompany  the  blood  ve«sels.  [They 
are  derived  from  the  renal  j^exus 
and  the  lesser  splanchnic  ner^-e.] 
They  contain  mcdiill.ited  and  non- 
medullated  hbres.  ami  \\w  latltr  have 
been  traced  by  W.  Kniuse  as  lar  as 
Ibe  apices  of  the  paptlln:.  Their 
mode  of  termination  is  unknown. 
Pkytitffguaify,  we  ore  certain  that 
th^  contain  both  tw^oMo/i^and  ten- 
J9ry  Abrci:  perhaps  Uiere  may  be 
alsovoio-dilstorand  secretory  filires. 

V.  The  connective  tissue,  or 
interlobular  stninm,  f<irms  in  the 
papiltor,  especially  at  their  apices, 
ftbmtu,  concentric  layers  of  consid- 
erable thickness  between  the  excre- 
tory tulnilcs  (lip.  247).  Further 
outward,  the  fibrillar  chat:)Cter  l»c- 
fnmts  /e>s  distinct,  whik- at  rhe  same 

(iuie  hranched  connective  tissue  corpuscles  occor  in  greater  nambers.  Tn  the  concx.  the  inter- 
^\\iti  strtuna  constsu  almost  entirely  of  branched  eorpuKles,  which  anastomose  with  each  other. 
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TrantverM  Mctif^)  of  apex  of  Malplgbuui  pyramid.    <),  targa  cettccting 
tubo  :  t,  i.  d,  tubuks  of  Hcnle ;  /,/,  blood  viit>ilL(rics. 


440 


THE   URINE. 


[There  is  idso  a  small  quantity  of  delicate  fibrous  tissue  around  Bowman's  capinle,  and  along  Ihe 
course  of  the  arteries.  The  connective  tissue  dftcn  ]iUys  an  important  r<Me  in  pathotogiciil  condt* 
lions  of  the  kidney,  as  interstitial  nephritis.]  The  outer  layers  of  the  capsule  of  the  kidney  arftij 
composed  of  dense  bundles  of  libruus  ti.Hsue,  while  the  deeper  layers  are  more  loose,  and  send 
processes  into  the  cortical  layers.  The  capsule  is  easily  stripped  off.  None  of  the  secretory  sub- 
stance is  removed  with  it.  Under  the  capsule  in  the  human  kidney,  there  is  a  thin  plexus  of  non- 
striped  muscular  fibres.  At  the  hilutn  it  becomes  continuous  with  the  outer  Bbrous  coat  of  the 
dilated  upper  end  of  the  ureter.  Smooth  muscular  hbres  also  occur  in  a  sphincler-like  arrangement 
round  the  npex  of  each  papilla,  while  others  proceed  from  the  pelvis  between  the  pyramids  along 
the  blood  vessels  {Jardtt).  The  fat  surrounding  the  kidney  is  united  to  the  latter  partly  by  blood 
vessels  and  partly  by  bands  of  connective  tissue.  [The  subcapsular  layer  of  the  cortex,  and  a  thin 
layer  next  the  boundary  z<ine  (Fi^.  243,  c;,  u,),  are  devoid  of  Mnlpighinn  corpuscle?.] 

[Development  of  a  Malpigbian  Capsule. — The  u]>per  end  of  the  urinary  tubule  is  dilated 
ana  closed,  and  into  it  there  grows  a  luft  of  blood  vessels  (a)  pu.shing  one  layer  of  the  lube  before 
it  (i),  hence  the  capillaries  become  invested  by  it,  just  as  an  organ  is  surrounded  by  a  serous  sac,  so 
that  one  layer — the  rcflecte*!  one  [^b) — of  the  tubule  is  closely  applied  to  the  blood  vessels,  while 
Ihe  other  [c)  Ucs  loosely  over  it  with  a  space  between  the  two  (Fig.  248).] 

355.  THE  URINE,— Physical  Characters.— A  knowledge  of  the  com- 
position of  this  sucrciiun  is  of  the  greattist  value  to  the  physician  and  surgeon. 

1.  The  quantity  of  urine  passed  by  an  adult  man  in  twenty-four  htjurs  » 
between  1000  and  1500  cubic  centimetres,  or  about  50  ozs.,  and  in  the  female 
900  to  1200  c.c.  The  minimum  is  secreted  between  2  to  4  a.  m.,  and  the  maxi- 
mum between  2  to  4  p.  m.  {fVetgc/in'). 

The  amount  is  diminished  by  profuse  sweating,  diarrhnu,  thirst,  non- nitrogenous  food,  diminu- 
tion of  the  general  blood  pressure,  after  sevi^re  hemorrhage,  and  in  some  diseases  of  the  kidneys. 
The  minimum,  which  may  )<  noinial.  is  400  to  500  c.c.  It  is  increased  by  increase  of  the  general 
blood  pressure,  or  of  the  pressure  within  the  area  of  the  renal  artery,  by  copious  drinking,  contrac- 
tion of  the  cutaneous  vessels  through  the  action  of  cold,  the  passage  of  a  large  amount  of  soluble 
subfilances  (urea,  salts,  and  sugar)  into  the  urine,  a  large  amount  of  nitrogfflDus  food,  as  well  as  b 
various  drugs,  such  as  digitalU,  alcohol,  squills.  After  taking  fluids  charged  with  CO,,  the  amoun 
uf  urine  is  increased  during  the  fuUowiug  hours  (Quiniie). 

The  secretion  is  influenced  directly  by  the  nervous  system,  as  in  the  sudden  polyuria  following 
nervous  excitement,  such  as  hysteria  [when  the  person  usually  passes  a  lai^e  amount  of  very  pale- 
colored  urine]  ;  after  an  epileptic  attack,  and  also  alter  pleasureable  excitement  {Bentkr),  We  may 
have  polyuria  unaccompanied  by  the  presence  of  sugar  in  the  urine,  which  follows  iujury  to  a  cer. 
lain  part  of  the  floor  of  the  fourth  ventricle  {Ci.  BrrnarJ).  The  urine  is  measured  in  tall  gradu- 
ated cylindrical  vessels  (Fig.  249).  [In  estimating  the  quantity  of  urine  passed,  the  patient  must, 
of  course,  be  directed  always  to  empty  his  bladder  at  a  particular  hour,  and  collect  the  urine  | 
during  the  next  twenty- four  hourt.] 

2.  The  Specific  gravity  varies,  as  a  mean,  between  1015  and  1025;  the  nnini- 
mum,  after  copious  draughts  of  water,  may  be  1002;  while  the  maximum,  after 
profuse  perspiration  and  great  thirst,  may  be  1040.  The  mean  specific  gravity  is 
about  loao.  In  newiy-born  children,  the  specific  gravity  falls  very  considerably 
during  the  first  three  days,  which  is  due  to  the  amount  of  food  taken  {Martin  and 
Rnge).  [The  specific  gravity  of  the  urine  in  infants  is  about  1003  to  1006.]  A 
healthy  adult  excretes  about  70  grrns.  [2^4  oz.]  daily  of  solids  by  the  urine,  or 
about  I  grm.  of  solids  per  1  kilo,  of  body  weight. 

The  specific  gravity  is  estimated  l)y  means  of  a  urinometcr  (Fig.  250),  the  urine  being  at  the 
temperature  of  16''  C.  [The  urinometer,  when  placed  in  distilled  water,  ought  to  float  at  the 
mark  0°  or  zero,  which  is  conventionally  ftpoken  of  as  ifxxi.  Place  the  urine  to  be  tested  in  a  tall 
cylindrical  glass,  of  such  width  that  the  urinometer,  when  placed  in  it,  may  Hoat  freely  and  not 
touch  the  .sides.  Take  care  that  no  air  bubbles  adhere  to  the  instrument.  When  read  ng  off  the 
mark  on  the  stem,  raise  the  vessel  to  the  eye  and  bring  the  eye  on  a  level  with  the  surface  of  the 
water,  noting  the  numl>cr  which  corresponds  to  this.  This  rule  is  adopted  bccauK  the  water  riics 
on  the  stem  in  virtue  of  capillarity.  It  \-i  essetitial  that  a  sample  of  the  mixed  urine  of  the  twenty- 
four  hours  be  used  for  ascertaining  the  mean  specific  gravity.] 

Christison'a  Formula- — To  estimate  the  amount  of  solids  in  the  urine.  This  may  be  done 
approximately  by  meatu  of  the  formula  of  Trapp  or  Hacser,  or,  as  it  is  called  in  this  country, 
**  Christison's  formula,"  vi^.,  •'  Multiply  the  two  lost  figures  of  a  spcciBc  gravity  expressed  in  lour 
figures  by  3.33"  i^CArittiwn  and  //aesfr)tOT  by  2  {7ra/j>),0T  2.2  {Lot^istk)^    This  give*  the 
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of  solids  in  every  looo  parts.     [Suppose  a  person  passes  t200  cc.  urine  in  twenty -four 
ind  (he  specific  gravity  b  I022,  then 

22  X  ^-33  =  51-26  gnns.  id  IOOd  c.c 

:rtain  the  amount  in  1200  cc.  

51.36  X  »200 
1000:  1200::  51.26:  X  = i^^^ =  61.51.  irrms.] 

ct  Estimation  of  Solids. — Plice  15  cc.  nf  urine  in  a  cap<)ule  of  known  weight,  and  evapo- 
over  a  water  bath,  aftcrtvard  completely  dry  the  residue  in  an  a.ir  bath  at  100*^  C,  and  then 
over  concentrated  sulp^iuric  acid.  Durio);  tne  process  a  small  amount  of  urea  in  decomposed, 
the  value  obuiDe<l  is  slightly  too  small.  Of  coarse  the  specitic  gravity  varies  with  the  Amaunt 
er  b  the  urine.     The  most  eancentrateJ  {h\^tsx  specific  gnvity)  urioe  is  the  morning  urine 


Fic.  348. 


FiC.  350. 


J-\ 


opncat  of  a  iflotncnilui  and  Milpighiao  capsule,    a,  caplIUry: 
t,  wceral ;  e,  paricul  layer  of  capsule. 

Fig.  249. 


I •• 


OnAl«d  cylinder  and  flask  ht  meararing  the  amounl  of  uHdc. 


UiiBOfacter. 


IB  DOtia),  especially  after  being  retained  in'the  blac!dcr,  r^..  in  prolonge«l  sleep  a  certain 
nt  of  ^er  b  absorbed,  so  thai  the  orine  becomes  more  concentrated.  The  mo^t  dilute  urine 
retcd  aer  copious  drinking  (Urioa  potus).  Under  pathological  conditions,  as  in  diabetes 
ns  ({  15).  the  unne  is,  at  the  same  time,  very  copious  (as  much  as  10,000  cc],  and  very  cod- 
aed,  «Ue  the  specific  gravity  varies  from  1030  to  1060  [due  to  the  presence  nf  a  large  amouDl 
\pt  SDgiJ.  Id  fever  the  urine  is  concent  rated,  and  small  in  amount.  In  polyuria,  due  to  cer- 
kcrrotti  t^nditions,  the  urine  ia  vety  dilute  and  copiotu,  while  the  speci^a gravity  may  be  as  low 
ai. 

The  olor  of  the  urine  depends  on  the  coloring  matters  present  in  it,  and 
s  greair,  but  the  diflerences  in  color  are  due  chiefly  to  variations  in  the  amount 
ater.     lormolly  it  has  a  pale  straw  color,  but  if  it  contains  more  water  than 
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usual  it  has  a  very  pale  tint,  and  in  certain  cases  (as  in  the  sudden  polyuria  occut- 
ring  after  an  attack  of  hyRteria)  it  may  l»e  as  clear  as  water.  Concentrated  urine,  as 
after  meals,  or  the  first  urine  jxtssed  in  the  morning,  has  a  darker  color;  it  is  a  Uari 
yellow  or  brownish  red  j  while  it  Is  usually  dark  colored  in  fever. 

Fi-clnl  uriue,  and  also  the  urine  first  passed  nf^cr  birth,  are  as  clear  and  colorless  as  water.  Tie 
admixture  of  various  sululanccs  witli  the  urine  alters  its  color.  When  mixed  wilh  blood,  accomlttg 
to  the  degree  of  decomposition  of  ilie  h.-irmoglobin,  the  urine  is  red  or  dark  brownish  red  [more  f't- 
qaenily  it  is  jmoly],  especially  if  the  blood  comes  from  the  kidiiej-s  and  the  urine  is  acid.  WIen 
mixed  with  bile  pigmentB,  it  is  of  a  deep  yellowuh  brown,  with  an  intense  yellow  froth;  sema 
taken  iriicrnally  makes  it  intensely  red,  rhubarb  brownish  yellow,  and  carbolic  acid  black.  Unoe 
undergoing  the  ammoniacai  fermeniatian  may  present  a  dirty  bluish  appearance,  owing  to  the  form- 
tion  of  iudigo.  The  color  of  urine  is  estimated  by  Neubauer  and  Vogel  by  means  of  aa  empiiL£al 
"  color  scale." 

Urine,  but  especially  ammoniacai  urine,  exhibits  fluorescence,  which  disappears  on  the  adduon 
of  an  acid,  and  reapjwars  after  the  addition  of  du  alkuli. 

Normal  urine,  after  standing  for  several  hours,  deposits  a  fine  cloud  of  vesical  mucus  flike  leli> 
cate  cotton  wool].  The  froth  of  Dormal  urine  is  while,  and  disappears  pretty  rapidly,  wliue  llul  on 
an  albuminous  urine  perisls  much  lunger.  The  urine  not  unfreijucntly  comaiDx  some  epithelial 
cells  from  the  bladder  and  tirethra. 
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4.  Consistence. — Nonnal  urine,  like  water,  is  a  freely  mobile  fluid. 

Large  quantities  of  sugar,  albumin  or  mucus  make  it  less  mobile;  while  the  so-caled  chylous 
urine  of  warm  climates  may  be  tike  a  white  jelly. 

5.  The  taste  Is  a  saline  bitter;  the  odor  is  characteristic  and  aromaib. 

Ammoniacai  urine  has  (he  odor  of  ammonia.  Turpentine  taken  internally  gives  ri»  to  ihe  odor 
of  violets  copaiba  and  cubebs  a  strongly  aromatic,  and  a&parai^us  an  unplca&ani  ode.  Valerian, 
assafcetida,  and  caMoreum  [but  not  camphor]  also  produce  a  characteristic  odor.  [Th  odor  of  dia- 
betic urine  is  described  as  "sweeL"J 

6.  The  reaction  of  normal  urine  is  acid,  owing  to  the  presence  c  acid  salts, 
chiefly  acid  sodic  phosphate,  which  seems  tn  lie  derived  from  Ijasitsodic  phos- 
phate, owing  10  the  uric  acid,  hippuric  acid,  sulphuric  acid,  and  C%  taking  to 
themselves  |>art  of  the  soda,  so  that  the  jjhosphoric  acid  forms  an  acid&alt.  After 
a  diet  of  f]^,  acid  poutssic  phosphate  is  the  cause  of  die  acidity.     Tbt  the  urine 
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contains  no  free  actd  is  proved  by  the  Gict  that  it  gives  no  precipitate  with  sodic 
hyposulphite  {v.  Vcii^  Hupperi). 

The  acid  reaction  is  increased  after  the  use  of 

acids,  /-^.,  hydrochloric  anrl  phosphoric,  also  by 

ammnniacal  salts,  which  are  changed  within  the 

body  into  nilric  acid;  lastly. after  pTolongcd  muv 

calar   exenion.     The  morning   urine  is  strongly 

acid. 

The  urine  becomes  leas  scid  or  alkaline — 

(I)  By  the  use  of  caustic  alkalies,  alkaline  carbon- 
ates, or  alkaline  salts  of  the  vc(;ctablc  acids  the 

last  being  oxidiicd  within  the  Iwdy  into  cart>on- 

ales,     (2)  Ity  the  prew-nce  of  calcic,  or  magnesic 

carbonate.    (^3}  Ryadmixtare  with  alkaline  hlood, 

or  pus.   (4)  By  rcroovitig  the  gastric  juice  through 

a  ga&tric  fistula  (p.  391 ,  Afuly) ;  further,  from  unc 

to  three  hours   ofter  a  me.il.     [The  reaction  of 

uritte  passed  during  digestion  may  be  neutral,  or 

even  alkaline.     This  tsduc  either  In  the  forranlion 

of  acid  in  the  slotnach  \Ben<e  J^tus  |,  or  to  a  tixcd 

alkali  derived  from  the  ba&ic  alkaline  phosphates 

taken    with    the    food    i^W.  Roberts).^     \l\  The 

urine  is  rarely  alkaline  in  anrtmata,  owing  to  a  defi- 
ciency of  phos)>hunc  ond  sulphuric  acids.     [(6) 

The   nature  of  the  f0o<i — vegetable  food   makes 

it  alkaline.     (7)  By  profuse   sweating.     (8)  By 

afaamption  of  alkaline  traofudations  (blood,  se- 

rmni] 

[Method. — The  reoction  of  urine  is  tested  l>y 

means  of  litmus  paper.     Normal  urine  tunis  blue 

litmus  paper  red,  and  doei  not  alTect  red  litmus. 

An  alkaline  urine  makes  re<l  litmus  pa[:>er  blue. 

white  a  neutral  urine  does  not  alter  cither  blue  or 

red  litmus  paper.]     Sometimes  x'iuUt  litmus  paper 

is  tiscd,  which  liccomc.i  red  in  acid,  and  blue  in 

alkaline  urine. 

Eatimation  of  the   Acidity. — This  is  done 

by   determining    the    .imount    of    caustic    soda 

necessary  to  [uoducc  a  neutral  reaction  in   100 

cc.  of  urine.     A  soda  sclutioa,  containing  0.00  ^  1 

grm.  of  soda  in  each  c.c.  ts  used;  t  c.c.  of  ihiv 

lolution   exactly   neatralizes  0,0063   grm.   o\.iti 

tcid.     To   the    100   cc.   of  urine    in   a    beaker  *a^  -  ^*^' ^ 

soda  solution   is   added,  drop  by  drop,    from     i 

graduated  burette  ( Kig.  251),  nntil  violet  lilmu- -  - — 

paper  become*  neither  red  nor  blue.    The  number 

of  cc.  of  soda  solution  is  now  read  off  im  the 

burette,  and  as  each  c.c.  corresponds  to  0,0063  IH™-  oxalic  acid,  we  can  easily  calculate  the  amount 

of  oxalic  acid  which  is  e(|uivalent  to  the  degree  of  acidity  in  100  c.c.  of  urine.     So  that  the  degree 

of  acidity  of  the  urine  is  expressed  In*  the  equivalent  anfount  of  oxalic  actd,  which  is  completely 

neutralized  by  the  same  amount  of  cauaic  soda- 
Urine  of  Mammals. —The  urine  of  carnivora  is  pale,  passing  into  a  golden  yellow ;  its  sp«cirtc 

gravity  is  hiyb,  and  iu  rcractioo  strongly  ncid.     The  urine  of  faerbivora  is  alkaline;   it  shows  a  pre- 

cipitate  of  eoithy  carlx^natcs  thence,  it  etTcrvesces  on  the  addition  of  an  acid),  and  of  basic  earthy 

photpholes.     During  hunger,  the  urine  presents  the  character  of  that  of  carnivora,  as  the  animal  in 

this  case  practicaliy  lives  upon  its  own  flesh  and  tissues. 

256.  I.  THE  ORGANIC  CONSTITUENTS  OF  URINE.— Urea. 

COi  NH.)„  the  diamiilc  of  CO;,  or  tarljamid,  is  the  chief  end  pKHJtK  t  nf  the 
oxidation  of  the  nitrogenous  constituents  of  the  body.  Its  conii>ositiun  is  coin- 
]>aratively  simple:  1  carbonic  arid  -f  2  ammonia  —  i  water.  Il  crystallines  in 
silky  fotir-'iidcd  prisms  with  obliqtic  ends  (rhombic  system),  without  water  of 
cr}'!iUlli2ation  (Fig.  352,  1),  if  it  cr)'Mtal)izcs  rapidly  it  forms  delicate  white  needles. 
It  has  no  action  on  litmus,  is  odorless,  and  has  a  weak,  biner,  cooling  taste,  like 
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salt[)etTe;  is  readily  soluble  in  u-ater  and  alcohol,  Init  insoluble  in  ether.  Itiian 
i.wmcr  of  aininuniuin  cyanale.  from  which  it  may  l>c  prepared  by  eva|)nrition, 
whereby  the  atoms  rearrange  themselves  {^IVchkr,  1828).  It  can  be  prcfarcd  ani- 
ficially  in  many  other  ways. 

Decomposiiion.^U'hen  hented  above  120*,  ii  gives  off  ammonia  vnpor,  while  a  jjlawr  mwurf 
biuret  nnd  cyanic  acid  is  left.  Wlieu  urine  undergoes  the  alkaline  fenncntition  {^  2031,11  wtjffl 
urea  i<>  treated  with  strong  mineral  acld^.  or  boiled  with  the  hydrates  of  the  alkalies, or  aupcrbmal 
Willi  water  (240*^  C),  it  takes  op  two  molecules  of  water  and  produces  ammonium  carhomle,  lht>- 

When  brought  into  relation  with  ntirnus  acid,  ii  splits  op  into  water,  CO^,  and  N.  'HMtvotMl 
decomposuioris  are  made  (lie  basts  of  methods  for  the  tjnaoiitative  csiimation  of  urea  [\  2S7}. 

Quantity. — In  normal  urine,  urea  occurs  to  the  extent  of  2.5  to  3.2  percent. 
An  adult  man  excretes  daily  from  30  to  40  gmis.  [500  grains,  or  a  little  over  r  0/.]; 
women  less,  children  relatively  more  j  owing  to  the  relatively  greater  metabolism 
in  children,  the  unit  weight  of  body  produces  more  urea  than  the  unit  weight  of  in 

Fig.  252. 


^ 


1,  *,  PrUouof  purcurea;  3,  rhoroboIdalpUtn;  4,  hexagonal  ublets:  s,6,  irrcfuUr  icakaand  pliM 

of  urea  nitrate. 


adult,  in  the  proportion  of  1.7  :  i.  If  the  metabolism  of  the  body  is  in  a  conditiuo 
of  equilibrium  (§  236),  the  urea  excreted  contains  almost  as  much  N  as  is  taken  in 
with  the  nitrogenous  constituents  of  the  food. 

Variations  in  the  Quantity. — The  amount  of  urea  increases  when  tbc 
amount  of  proteids  in  the  food  is  increased  ;  and  aliiO  when  there  is  a  mote  np<« 
breaking  up  of  the  nitrogenous  tissues  of  the  iKxly  iUielf.  As  this  breaking  up« 
increased  by  diminution  of  O,  and  by  loss  of  blood,  so  these  conditions  also  increase 
the  urea  (§  41).  It  is  also  increased  by  drinking  large  draughts  of  water,  by  v-ahooi 
salts,  by  fret)iicnt  urination,  and  by  exposure  to  compressed  air.  In  diabetic  pa»i»i 
who  eat  very  large  quantities  of  food,  it  may  exceed  100  grms.  [over  3  or.]  i>cr  dif ! 
during  hunger  it  sinks  to  6.1  grms.  [«;o  grains]  per  day  During  inanition,  Iw 
maximum  amount  is  excreted  toward  mid-day,  and  the  minimum  in  ihe  momi"!; 
The  daily  amount  of  urea  varies  with  the  quantity  of  urine  ;  three  to  five  hourval«'' 
a  meal,  the  formation  of  urea  is  at  a  maximum,  when  it  sinks  and  reaclitf  it5 
minimum  during  the  night.  Muscular  exercise,  as  a  rule,  does  not  increaJt  it 
{v.  Voiff  Fii'k  and  IVisikenus—^  29s).  ^JUt  only  when  deficiency  of  0,  caiw^ 
dyspnoea,  occuis  at  the  same  time  {^OppeHheim). 
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Patbolo^cal. — In  acute  febrile  inflammations,  and  in  fevers  genenlly  ({  22,  3),  the  urea 
Increaxes  until  the  crisis  Is  reached,  and  afterward  it  diminishes.  After  the  fever  has  iiassed  off,  the 
amount  excreted  is  often  under  the  nonnal.  In  some  cases  of  high  fever,  although  the  amount  nf 
urea  (armed  is  incteased,  il  may  not  be  excreted  ,  there  is  a  reientum  of  the  urta,  which,  later  on,  may 
lead  to  an  increased  excretion  \  S'aunyn).  In  chronic  diseasti,  the  amount  depends  lar|;cly  ui»n  the 
slate  of  the  nutrition,  the  mctabuUsm,  and  also  upon  the  degree  of  fever  present.  Dcgeneraiire  changes 
in  I  he  liver,  /^'.,  due  lo  poisoning  with  phoAphorus,  may  be  accompanied  by  diminishetl  excretion 
of  urea  and  increased  excretion  of  ammonia  {Sttttielmann).  It  is  increased  in  man  by  morphia, 
fuucotin.  narcein,  papaverin,  codeiii,  tbebain  (/-iu^iwi),  arsenic  {GathgtHs),  compounds  of  antimony, 
and  small  doses  of  ptiosphorus  (.Bauer),  which  favor  the  dccomposilion  of  proteids,  and  by  sub> 
stance^  which  increoM  the  bile  formation  lo  the  liver  (A'  Pafon).  i^uinine,  which  "  spares"  the 
proteids,  diminishes  it. 

Occurrence. — Urea  occurs  inlheblood(i  :  lo.ocx}),  lymph,  chyle  (3  :  looo),  liver,  lymph  gbnds, 
ojileen,  lungs,  brain,  eye,  Ulc,  saliva,  amniotic  lluid.  and  pathologically  in  sweat,  ^^.,  in  cholera,  in 
the  vomit  and  sweat  of  unemic  patients,  and  in  dropsical  lluids. 

Formation. — It  is  certain  that  it  is  the  chier  end  product  of  the  tnetabolism  of 
the  proteids.  Less  oxidized  products  are  uric  acid,  guanin,  xanthin,  hypoxanthin, 
alloxan,  allantoin.  Uric  acid  administered  it^tcnially  appears  in  the  urine  as  urea; 
alloxan  and  hypoxanthin  can  be  changed  directly  into  urea.  The  urea  excretion  is 
increased  by  the  administration  of  leucin,  glycin,  aspartic  acid,  or  ammonia  salts 
{St^Au/sen,  Nftuki).  As  yci  it  has  not  licen  definitely  dcicmiincd  where  urea  is 
fonned,  but  the  liver  and,  perhaps,  the  l>-mph  glands,  are  organs  where  it  is  pro- 
duced (§  178). 

In  birda,  the  liver  forms  uric  add  from  ammonia.  The  liver  can  be  readily  excluded  from  the 
circulation  in  birds,  and  Minkowski  found  that  aflerihis  operation  the  uric  acid  was  diminished  and 
the  ammoniacal  salts  were  increased  (}  178). 

Antecedents. — l>uring  digestion,  the  proteids  are  converted  into  leucin,  tyrosin.  glycin,  ami 
aspanic  acid.  U  the  amido  acids,  glycin,  leucin,  or  aspartic  acid,  or  ammoniacal  salts,  be  given  to 
■n  animal,  the  amount  of  urea  excreted  is  increased.  As  (he  molecule  of  the  amido  acids  contains 
only  one  atom  of  N,  and  the  molecule  of  urea  contains  two  of  N,  it  is  probable  that  urea  may  be 
formed  iyntheticnlly  from  these  acids.  It  is  possible  that  the  amido  acids  meet  with  nitru^enous 
residues  in  the  juices  of  the  Indy,  e.  ^.,  carbamic  acid  or  cyanic  acid,  lite  union  of  these  may  pro- 
duce urea,  .\ccording  to  Salkowski,  feeding  with  these  substances  causes  the  breaking  up  of  the 
|xo(>cr  proteids  of  the  body  »o  as  to  provide  the  necessary  eom|>ouenls.  Schmiedcbcrg  U  of  npiiiioii 
that  urea  is  formed  in  the  body  from  ammonia  carlxmate  l>>'  the  removal  of  water;  and  v.  Schroder 
found  that,  when  fae  passed  blood  containing  ammonia  carbonate  through  a  fresh  liver,  the  urea  in 
the  blood  was  greatly  increased  Drechsel  succeeded  in  producing  urea  at  ordinary  temperatures 
by  the  rapid  alternating  oxidation  and  reduction  of  a  walery  solution  of  ammonia  carbonate.  [We 
know  thai  the  greater  part  of  the  urea  exiUi  in  the  blood,  and  that  the  renal  epithelium  removes  it 
ftum  (he  blojd.  Although  it  issurnuKd  that  some  of  (be  nitrogenous  bodies  named  above,  Euore 
e*pccially  leucin,  and  perhaps  aUo  krealin.  are  the  precursors  of  urea,  yet  we  cannot  say  detinitely 
how  or  where  the  transformation  takes  place.  Perhaps  this  is  effected  In  the  liver,  and,  it  may  bc« 
alsn  in  ihf  spleen  {\  t93)-] 

Preparation. — Lrea  mny  be  prepared  from  dog's  urine  (especially  after  a  diet  of  flesh)  by 
cvaponuing  it  to  a  s)Tupy  consistence,  cstracting  it  with  alcohol,  and  again  evaporating  the  filtrate 
to  a  sympy  consistence.  The  cn'stalt  which  separate  are  washed  with  water  to  remove  any  extract- 
ivci  that  may  tie  mixed  with  them,  and  disfolved  in  absolute  alcohol.  It  Is  then  filtered,  and  alIowe<l 
to  cr^'sulliie  slowly.  Or,  buman  urine  may  be  evaporated  to  one-sixth  of  its  volume  and  coole<l 
to  o^,  and  excess  of  strong  nitric  ncid  added,  which  precipitates  urea  nitrate  mixed  with  coloring 
matto*.  This  precipitate  is  pressed  in  blulling  psper,  then  dtutjWed  in  boiling  water  containing 
animal  charcoal,  and  filtered  while  hot.  When  it  coots,  colorless  crystals  of  urea  nitrate  seiurale 
(Fig.  3J2).  These  crysialfc  are  redissolved  in  warm  water,  and  barium  carbonate  added  until  effer- 
veseeiiM  ceases;  urea  and  barium  carltonate  are  formed.  Evaporate  In  dryness,  extract  with  alMO- 
luie  alcohol,  filter,  and  allow  evaporation  to  take  place,  when  urea  separates. 

Compounds  of  Urea. — Urea  combines  with  acids,  bases,  and  salts.  The  fol- 
lowing are  the  tufjst  im|K)rtant  combinations:  — 

I.  Urea  nitrste  (CH,N,0,  UNO,)  is  easily  soluble  in  water,  and  not  so  soluble  in  water  ooo- 
taining  nitric  acid.  It  fortoB  chancteristic  rhombic  crystals  (Fig.  252,  3,  4,  $.  6).  Sometimes  the 
(•wmaiion  of  these  crynals  is  used  to  determine  micro acopically  ihe  presence  of  urea  in  a  fluid, 
U  a  fluid  is  suspected  to  contain  minute  traces  of  urea,  it  is  concentrated  and  a  drop  of  the  lluid  is 
put  on  a  microscopic  slide.    A  thread  is  placed  in  the  Suid,  and  the  whole  is  covered  with  a  cover- 
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gloss.  A  drop  of  concentrated  nitric  acid  is  allowed  to  (low  under  the  corer-gla&s,  and  after  a  time 
Crystals  of  urea  nitrate  adhering  to  the  thread  may  be  detected  with  the  microscope. 

2.  Urea  oxalate  ^CH,NjO)j,  C,llj<\-f  H.O.is  made  by  mixing  a  concentrated  solution  of  urea 
with  oxalic  ncid.  Tne  cryuals  form  groups  of  rhombic  tables,  often  of  irregular  shape.  It  is  only 
slightly  soluble  in  cold  water,  and  siill  less  so  in  alcohol  (Fig.  253). 

3.  Urea  phosphate  {CH^N^O,  If,PO^),  forms  large,  glancing,  rhombic  crysUls,  very  canly  solu- 
ble in  water.     It  is  obtflined  by  evaporating  the  urine  of  pigs  fed  on  dough. 

4.  Sodic  chloride  -|-  urea  (CH^NjO,  NaCl  -r  H,0)  forms  rhombic,  shining  prisms,  which  are 
somctitnci  deposited  in  evaporated  human  urine. 

5.  Urea  +  mercuric  nitrate  is  obtained  as  a  white  cheesy  precipitate,  when  mercuric  nitrate 
is  added  to  a  solution  of  urea.  Liebig's  titration  method  (br  urea  depends  on  this  reaction  (|  357, 
H). 

257.    QUALITATIVE  AND    QUANTITATIVE   ESTIMATION    OF    UREA.— I. 

The  qualitative  Estimation  of  Urea. — (1)  Ii  may  bt  isoialtd  as  such.  \f  aliumittin:  present, 
add  (o  the  fluid  three  or  four  times  lis  volume  of  alcohol,  and,  after  several  hours,  filter.  Hvaporale 
the  filtmte  over  a  water  bath,  and  dissolve  the  residue  in  a  few  drops  of  water. 

(2)  The  crystals  of  urea  nitrate  may  be  iletected  microscopically  (Fig.  252). 

11.  Quantitative  Estimation. — 1 1 )  Sodic  hypobromite  decomposes  urea  into  CO,,  H^O,  artd 
N.     On  this  reaction  depends  the  Knop-IlUfncr  method  of  quantitative  estbnalion.     The  N  rises  in 
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the  Torm  of  i^mall  bubbles  in  the  mixed  fluid,  uhlle  the  CO,  is  absorbed  by  the  caustic  aoda.    [The 
reaction  is  the  following: — 

NjHjCO  -f  sNaBrO  =  sNaBr  -f-  CO,  +  aH^  +  N. 
The  nitroftcn  is  collected  and  estimated  in  a  graduated  lube,  and  the  amount  of  ttrca  calctilated  from 
the  volume  of  nitrogen.     The  uric  acid  Is  also  decomposed,  but  that  can  he  esiiniated  separately 
and  a  correclion  made.     We  may  use  tlie  apparatus  of  Kussell  and  \Vest,  or  Uupr^,  or  that  ^ 
Chartcris  (Fig.  254).] 

[Ureameter. — Make  a  solution  of  hypobromite  of  soda  by  mixing  100  grammes  Nal  lO  in  250  c  C- 
of  water,  and  adding  25  c.  c.  of  bromine.  Ii  is  belter  to  be  made  fresh,  as  it  decomposes  by  keeping. 
The  graduated  tube  is  placed  in  a  cylindrical  vessel,  filled  with  water,  and  depressed  until  the  «ero  on 
the  lubes  coincides  with  the  level  of  the  water.  Intioduce  15  c.  c.  of  the  hypobromite  solution  into  the 
pyramidal -shaped  bottle,  while  into  a  short  lest-tube  are  placed  5  c.c.  of  urine.  The  test-tube  with 
the  urine  is  inlroduccd  into  the  h>o(lIe  by  meitn.''  of  a  pair  of  forceps  in  such  a  way  that  it  docs  not 
spill.  Close  the  brittle  tightly  with  the  caoutchouc  stopper,  through  which  passes  a  glms  tube  to 
connect  it  with  the  graduated  buietle.  Incline  the  bottle  so  as  to  allow  the  urine  to  mix  with  the 
hypobromite  solutiun  when  the  gases  are  given  off,  and  pojis  into  the  collecting  tube,  which  is  gradu- 
ally raised  until  the  surfaces  of  the  liquids,  outside  and  in,  coincide.  Time  should  be  allowed  to 
permit  the  whole  apparatus  to   have  the  same   temperniure.      Read  off  the  amount  of  gas  N 
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evolved,  for  ibc  CO,  U  afaeotbed  by  (he  caiulJc  loda.  The  collecting  tube  is  osUAlly  graduated 
berorehtod,  so  that  each  division  of  Uie  lube  is  =:  0.1  per  cent,  of  urea,  or  0.44  gr.  per  fluid  oe. 
Thus,  up[K»e  that  50  ox.  of  urine  are  passed  in  twenty- four  houn,  and  iliat  t;  c.  c.  of  urine  evolve 
iS  measures  of  N.  then  0.44  ;•'  18  X  5^  =^  39^  S^-  *^^  "rea.  If,  however,  the  tube  be  graduated 
into  C.  c.,  ilicn  30.3  c.  c.  of  N  =  o.l  grm.  of  ur«a  ai  the  ordinary  lempcniture  and  pressure.] 

III.  Volumetric  Method  {Liebig\. — By  means  of  a  graduated  pipette  (Fig.  255),  40  cubic 
centitneires  of  the  urine  arc  placed  la  a  beaker;  add  20  cubic  centimetres  of  barium  mixture  lo 
precipitate  the  sulphuric  and  phosphoric  acids.  The  harium  mixture  consists  of  1  vol. 
of  a  cold  saturated  mlulion  of  barium  oitrate  and  2  vols,  of  a  cold  saturated  sotution  of 
barium  hydrate.  Filter  through  a  dry  filter,  and  take  15  cubic  centimetres  of  the 
61lrate,  zvAiih  tarreiponti  to  lo  c.  c.  of  w inf,  and  place  in  a  l>ealcer.  Allow  a  titrated 
standard  solution  of  mercuric  nitrate  lo  drop  from  a  hureile  into  the  urine  until  a 
prccipiutc  no  longer  occurs.  The  mercuric  nitrate  is  made  of  such  a  strength  that  I 
cubic  centimetre  of  ft  will  conibuie  with  10  mitligrarames  of  urea.  Test  a  drop  of  (he 
mikturc  from  time  to  time  in  a  watch  glass  or  piece  of  glass  blackened  on  its  under 
surface,  with  a  solution  of  sodic  carbonate,  which  is  called  the  indicator.  When- 
ever the  sligbtei>t  excess  of  mercuric  nitrale  Is  added,  the  mixture  slnkes  a  yrUaw  color 
with  the  so<l.-i.  The  stantlard  solution  must  be  added  drop  by  'irop  until  this  result  is 
obtaincfl.  Read  off  ihe  number  of  cubic  centimetres  of  the  standard  solution  used;  as 
each  centimetre  corresponds  to  10  milligmmmes  of  area,  multiply  by  ten,  and  the 
amount  of  urea  in  10  cubic  centimetres  of  urine  is  obtained. 

This  method  does  not  give  nuitc  accurate  results  even  in  normal  urine.  To  urine 
containing  much  phosphates  is  added  an  equal  volume  of  the  bariutn  mixture.  Ver}' 
acid  urines  may  rc()uire  several  volumei  to  be  added.  Urine  containing  albumin  or 
blood  must  be  boiled,  after  the  addition  of  n  few  drops  of  acetic  acid,  to  remove  the 
albumin.  The  M>dic  chloride  in  the  urine  also  interferes  with  the  accuracy  of  the  pro- 
cess, as  on  adding  mercuric  nitrate  to  urine,  mercuric  chloride  and  sodic  nitrate  are 
formed,  so  that  tlie  urine  does  not  combine  unlit  tbe  sodic  chloride  W  decomposed. 
When  tbe  urine  contains,  as  v,  usually  the  case,  i  to  i  ^  [ler  cent.  Nat'l,  deduct  2  c  c. 
from  the  number  of  c.  c.  of  (he  S  S.  added  to  10  c.  c  of  arine. 

Estimation  of  the  total  N  in  Uhne. — l*flllgcr  and  Bohland  recommerKi  the 
following  modification  of  the  method  of  Kjttdahl.  Five  c.c.  of  a  urine  of  medium 
Coocentratioa  are  allowed  to  flow  from  a  burette  into  Eriemneycr's  tlask,  CB|*Bbte  nf 
containing  about  300  c.c,  and  to  it  are  added  20  cc.  of  concentrated  sulphuric  ncid. 
'IIk  whole  is  boiled  until  all  ihc  water  and  gases  ore  driven  off.  The  fluid  at  first 
becomes  black  from  the  action  of  the  sulphuric  ncid,  Init  when  it  has  lieccme  of  brownish 
tmw  lessen  the  heat  of  the  Hunsen  bunicr.  AltOLit  half  an  hoar  sufhc^  to  hcol  it,  when 
the  fluid  at  last  becomes  bright  yellow.  Allow  it  lo  cool,  dilute  it  with  water  to  200  c.c, 
ami  place  the  whole  in  a  fiA<^k,  odd  80  c.c.  of  caustic  Ttoda  (S.9.  l.j),  cork  Ihe  fla-ik  as 
quickly  as  po^iblc,  and  distill  its  coutcnts.  The  distillate  must  pas«  over  into  sulphuric 
acid,  which  must  lie  titrated  beforehand.  The  quantity  of  sulphuric  acid  not  combined 
with  ammonia  must  be  estimated  by  titration  with  caustic  soda. 

Tbe  N  in  tbe  Urine  may  be  estimated  apfimxinmicly  thus.  To  10  ex.  of  the  urine 
add  Atm  a  burette  Liebig's  mercuric  nitrate  solution,  and  test  the  mixture  in  a  black 
glass  pbue  with  dry  sodic  Incarlnnale  unlit  a  yellow  speck  n-miunit.  Multiply  tlie 
nuinlicr  of  c  c.  of  the  burette  rtuid  used  by  0.04  {Pftbger  ami  Bokiand). 

358.  URIC  ACID  =  C^H.N.O,  is  the  nitrogenous  subaUnce  which,  next  to 
urea,  carries  (iff  most  of  the  N  from  the  body  ;  in  twenty-four  hours  0.5  grin.  (7 
to  10  gratn.s)  ;  during  hunger,  0.24  grin.  (4  grains)  ;  after  a  strongly  aninial  diet, 
2. It  grin.  (30  to  55  grains^  arc  excreted.  The  proportion  of  tirea  to  nric  acid  is 
45  :  I.  If  a  mammal  l)e  fed  with  tiric  acid,  part  of  it  becomes  tnore  highly  oxidized 
into  urea,  while  the  oxalic  acid  in  the  urine  is  also  increased  (§  260; ;  in  fowls, 
feeding  with  leiicin,  glycin,  or  aspartic  acid  (p.  Knirnfm),  or  ammonia  carbonate 
{S^hraetfer),  increases  the  amoimt  of  uric  acid.  When  urea  is  administered  to 
fowls,  it  is  reduuti  chiefly  to  uric  acid. 

Ilia  the  chief  citrogeneous  product  in  the  urine  of  Mrds, reptiles,  and  insects,  while  it  is  absent 
from  herbivorous  urine. 

Properties.— It  is  dibasic,  colorless,  and  crj-siallizes  in  various  forms  (Figs.  256 
^nd  257),  beliingitigto  the  rhombic  system  (1),  When  Ihe  angles  are  rounded,  the 
•whetstone  form  (  2)  is  produced,  and  if  the  long  surfaces  be  flattened,  six-sided  tables 
occur.  Not  unfrtniiicnlly  diabetic  urine  deposits  spontaneoiusly,  large,  yellow,  trans- 
parent  rosettes  (^6,  S;.     If  30  c.c.  of  HCl,  or  acetic  acid,  be  added  to  i  litre  of 
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urine,  crystals  (9)  are  deposited,  like  cayenne  pepper,  on  the  surlace  and  sida  <rf  J 
the  glass,  afttr  several  hours.     [The  HCI  decomposes  the  urates,  and  liberates  lh«| 
acid,  which  docs  not  crystallize  at  once,  owing  to  the  presence  of  the  pho^ptuuci  is ' 
the  urine.     Crystals  uf  iirlc  acid  are  usually  yellowish  in  color  from  the  pigment  of 
tiic  urine,  and  they  are  soluble  in  caustic  potash.] 

Solubility. — It  is  tmtele»s  and  odorless  \  reddens  litmus ;  is  soluble  in  lS,000  pwti  of  «U  ui 
ill  15,000  of  tKiiliog  water,  and  insoluble  in  alcohol  oint  ether.  !ioTbaczewski  prepared  it  syutielic. 
ally  by  nicliint;  logeihrr  glycin,  or.  as  it  is  also  called,  glycocin,  and  urea.  It  it  freely  lulalk  in 
alkaline  carlx-natcs,  lioratcs,  pho&ptiatcs,  lactates,  aiid  acetates,  these  salts  at  the  same  lime  renoMa{ 
a  pan  of  the  base ;  thus,  there  are  fonunl  add  urates  and  acid  salts  from  ilie  neutral  ulu.  It  ■  \ 
soluble  in  concentrated  sulphuric  acid,  from  which  it  may  be  precipitated  by  tbe  addition  of  «tiir 

Decomposition. — During  dry  diMillalion  it  decom^xises  imo  urea,  cyanuric  add,  bydrocfulc  1 
acid,  ntul  ammonium  carbonate.     Superoxide  of  lead  converts  it  into  urea,  allaniotn,  oiaJk  icil, 
and  CUj ;  while  02011c  foims  the  same  substances,  with  tlic  addition  of  alloxan.  When  ti  Isrotinrf 
by  II  in  itafu  natcetuii,  as  by  sodium   amalgam,  it   forms  xanthin  and  sarkin.      It  ift  a  less  oudind 
mctalMlic  product  than  urea,  but  it  is  by  00  means  proved  that  uric  acid  is  a  precursor  oi  un 


rr{;,^ 


^ 


Fonns  of  uric  acid,     t.  Rhombic  plxti:^:  7,  whri«(>iiic  rurm*;   3,  quadrate  fitni«  ;  4,  s.  PfolOBtcd  iaiopeia**^' 
roMtiex;  7,  pointed  bundlex;  9,  barrel  forctft  precipitated   by  adding  hydrocnIoHc  add  ttt  urfM 

Occurrence. — Uric  acid  occurs  dissolved  in  the  urine  in  the  form  ofacidj 
urates  of  soda  and  potash.     These  salts  occur  also  in  urinary  calculi,  gi^^"* 
and  in  g<)\My  deposits.     Ammonium  urate  occurs  in  very  small  quantity  in  a  dcp 
of  *'  urates,"  hut  i.s  formed  in  considerable  amount  when  urine  becoracsaron 
niacal  from  decomposition  (Fig.  261).     />«  uric  acid  occurs  in  normal  urine •>" 
in  the  very  smallest  amoimt.     It  is  sometimes  deposited  a/Ur  a  timt  (Fig.  260). 
frequently  forms  urinary  rakuli  and  gravel. 

The  urine  of  newly-born  children  contsins  much  nric  acid.  Uric  add  and  ttssj1t5  tie  increa* 
after  severe  muiicular  cxenion,  accompanied  by  perspiration,  in  Catarrhal  and  rheumatic  fernv  ■ 
such  conditions  as  are  tccompaoied  by  disturhancr  of  the  respiration  ;  in  leukjcmia  and  tnBK"^^' 
ilie  spleen,  cirrhotic  liver,  and  generally  in  cases  of  cotarrah  of  the  stomach  and  intestinal  trad."' 
lowing  the  excessive  use  of  alcohol.  [It  i>  also  increased  durir^  ague  and  fevers,  aod  p 
has  Some  relation  [r>  the  congestion  of  the  spleen  which  accompanies  these  coodllio 
diminished  alter  copious  draughts  of  water,  al^er  large  doses  of  quinine,  cofTein,  potoiMl 
common  salt,  sodic  and  liihic  carbonates,  sodic  sulphate,  inhalation  of  O,  slight  muKular  e« 
In  gout,  the  amount  excreted  in  tiK  urine  is  small.  In  chronic  tumors  of  the  spleen,  atuemia.  1 
chlorosis,  when  the  respiration  is  not  at  the  same  time  embarrassed,  it  isaJao  dimmished. 


ESTIMATION   OF    URIC   ACID. 


449 


I 


I 


Urates. — Uric  acid  forms  salts — chiefly  aad  urates — with  several  bases,  which 
dissolve  with  difficulty  in  cold  water,  but  arc  easily  soluble  in  warm  water.  Neutral 
urates  arc  changed  by  CO,  into  acid  salts.  Hydrochloric  and  acetic  acids  break  up 
the  comix>unds,  and  cr^-stals  of  uric  acid  separate. 

(1)  Acid  iodic  urate  usually  ap|)ciu%  as  a  brick-red  deposit  in  urine;  more  rarely  gray  or  white 
(Uteriliouji  dc[XiMt),  linficd  with  uroOrjthrin,  in  caiairhal  conrfjtrons  of  llir  di};c»tive  organs,  and  in 
rbcumatic  and  febrile  an'cctioiis.  Microscopically,  it  vs  com)}lctcly  aiiiorpbous,  contimtig  of  gran- 
ule*, bomrtimcs  ditjioMd  in  ^ruU]M  I.  Fl^.  2'jo,  h\ — Minicliint-^  tlic  granule;!  have  spines  im  Ihcm.  'Ilie 
corTes|iondin);  pdnsh  salt  occurs  not  unfmjueQtty  under  the  aame  conditioos,  and  presents  the  same 
characters. 

(2)  Acid  ammonium  urate  (Fig.  261.  a)  always  occurs  as  a  vcdiment  In  ammonlacal  urine, 
cither  wbb  (2),  or  mixed  with  free  uric  acid,  accompanied  by  a  triple  phosphate.  MicruM:cpicaUy,U 
i»  the  same  ast  (I).  (I)  and  (2t  art  dhtin^iihtd  hy  (ht  adimtni  dhsohiittj^  wken  tke  urine  is 
htaled.  If  a  arop  of  hydrochloric  acid  be  added  to  a  microscopic  preparuion  of  (he  sediment, 
crystals  of  uric  acid  sepainte. 

(3)  Acid  calcic  urate  occurs  sometimes  in  calculi,  and  is  a  while,  amorphous  powder,  slightly 
soluble  in  waicr.  When  heated  on  plaiinum  it  leaves  an  aah  of  calcium  cartxinatc.  Magnesium 
urate  rarely  occurs  in  urinary  calculi. 

259.  ESTIMATION  OF  URIC  ACID.— I.  Qualitative —i.  Micro- 
scopic Characters. — The  appearances  presented  by  uric  acid  and  its  salts  under 
the  niirrtftcope.  It  is  de|Xisited  from  urine  after  several  hours,  on  adding  acetic  or 
hydrochloric  acid. 

2.  Murexide  Test. — Gently  heat  a  urate  or  uric  acid  in  a  porcelain  vessel 
along  with  nitric  acid.  Decom|x>silion  takes  place  and  the  color  chan(j;es  to  yellow, 
N  and  COi  are  given  off;  urea  and  alloxan  (CiH.NjO,)  remain.  Evaix>rate  slowly 
and  allow  the  yellowish-red  slain  to  cool ;  on  adding  a  drop  of  dilute  ammonia  a 
purplUh-red  color  of  murexide  is  obtained,  it  Ixrcomes  blue  on  the  addition  of 
caustic  potash.  If  potash  or  soda  be  added  instead  of  ammonia,  a  violet  color  is 
obtained. 

3.  SchifT  's  Teat, — Dissolve  uric  acid  or  a  orate  in  a  solution  of  an  alkaline  carbonate,  and  drop 
it  u}ion  blotting -pa[icr  saturated  with  a  solution  of  tihtr  nttraU  ;  reduction  of  the  silver  takes  place 
ai  once,  and  a  black  spot  is  formed. 

4.  On  boiling  a  solution  of  uric  acid  or  a  urate  in  an  alkali,  with  Fehling's  solution  \\  I49,  2),  at 
first  white  urate  of  the  <nil>.)xide  of  copper  u  def>ositcrt,  while  later,  red  copper  suboxide  is  formed. 

II.  Quantitative  Estimation. — Add  5  cubic  centimetres  of  concentrated  HCl  to  100  c.c.  of 
urine,  and  alkiw  it  to  stand  for  forly-eighl  hours  in  the  dark,  when  (he  uric  acid  is  precipitated  like 
fine  cayenne  pepper  crystals.  All  the  uric  acid  is  not  precipiuucd  by  (he  HCI,  even  after  standing 
for  a  time.  [K.  S..  Cook  uses  tulphate  of  zinc  lo  precipitate  the  uric  acid  a:i  urate  of  line.  Caustic 
soda  is  added  to  precipitate  the  phosphates,  and  then  to  the  clear  fluid  rinc  <.ulphaie  solution,  which 

precipitates  urate  of  /ioc  !is  a  white  Rclatilious  de(K>siL] 

Pokker-Salkowski  Method — Make  200  c  c.  of  urine  sirongly  alkaline  with  sodic  cariwnate. 
and  after  an  hour  add  200  c.c.  of  a  concctiiratcd  solution  of  ammonittm  chloride,  whereby  acid  urate 
of  ammonium  is  precipitated.  After  finny-eighi  hours  tiher,  through  a  small  weighed  tihcr,  and  wash 
it  several  limes.  Mil  the  titter  wiili  dilute  HCl  and  collect  the  filtrate.  Lkt  this  until  all  (he  acid 
urate  is  dissolved,  from  the  total  filtrate  after  a  lime  alt  the  uric  acid  separates.  It  b  collected  \\\ 
the  same  filter,  washed  with  water  and  alcohol  until  the  acid  reaction  disappears,  dried  at  100^  C. 
and  weighed.     To  the  wt.-igh(  in  e(cev>  of  the  filler  add  o.oy*  grm. 

360.  KREATININ  AND  OTHER  SUBSTANCES.  — Kreatinin. 
C,H,N,0,,  is  derived  from  the  kreatin  of  mu.scle  by  the  removal  of  a  molecule  of 
water,  and  partly  from  flesh  food.  The  quantity  excreted  daily  is  0.6  to  1.3 
gramme  (S  tu  tS  grains). 

It  is  diminished  in  progressive  muscular  atrophy,  tetanus,  amt-mia,  marasmus,  chlorosis,  con- 
sumption, paralysis;  and  Is  increased  tn  typhus,  inllammation  of  the  lung;  it  is  absent  from  the 
urine  of  sucklings. 

Propenie*. — Kreatinin  is  alkaline,  ea-Mly  soluble  in  water  and  hot  alcohol.  It  forms  colorless, 
obliijue  rh'>m)iic  columns;  unilci  wilh  acids  and  ^alts,  silver  nitrate,  mercuric  chloride,  and  espe- 
cially with  tiHi-  tkloride.  Kreatinin  zinc  chloride  Hig.  357)  is  used  to  detea  its  presence. 
Wcyl's  Teat. — .\dd  to  urine  a  few  dro{i«  of  a  slightly  browniih  solution  uf  iittra-pmsstde  of  i-oda, 
and  then  weak  caustic  soda  tolntion,  producing  a  Buigundy-red  color,  which  soon  disappears. 
39 
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When  heilcd  witli  gincial  acetic  acid,  the  color  changes  lo  green,  which  afier  a  time  changes  to  Uoe 
(Sa/Jt^jvjli).  [The  blue  color — Berlin  hluc — ii  due  to  ilie  formation  of  an  iron  salt,  ferroCyuade 
uf  soUiuni,  from  the  deconipu^iiuHi  of  the  niiro-prusstde.  The  reaction  al&u  succee<l»  with  fomic 
acid — imtcad  of  (;InciaI  actaic  acid — if  some  lime  be  allowed  lo  elapse  after  Weyl's  reaction.] 

Xanthin  ^  CjIi|N\0,  occurs  only  to  the  amount  of  I  gramme  in  300  kilos.,  of  urine.  It  ti  t 
tubslaiice  intenncdiule  lietwcen  Mtrkiii  and  uric  acid.  Ciuanin  and  hyjwxatilhin  may  l>e  cbaof^ 
inlo  xanthin;  in  contact  with  waler  and  fermcr»ts  it  passes  into  otic  actd.  When  evaporated  with 
nitric  acid,  it  gives  a  yellow  stain,  which  becomes  ycllo  wish -red  on  adding  potoih.  and  violci'red  (a 
applying  more  heat.  It  is  an  amorphous,  yellowish  white  powder,  fairly  soluble  in  boiljog  water. 
It  has  idso  been  found  in  traces  in  muscles,  brain,  liver,  spleen,  pancreas  and  thyinus.  The  crysol- 
line  body  paraxanthin  (dimcihylxanlhio)  and  the  amor^ihnuK heteroxanthtn  (methyl xanthin)  occur 
in  traces  m  tlie  urine  {S/ii'i.''>non\. 

Sarkin  or  Hypoxanthin,  C^H^N.O. — As  yet  llila  .substance  ha&  been  found  only  in  the  urine  of 
leuka-mic  patients  { Jakubaseh),  and  it  bas  l>een  prepar«l  in  the  form  of  needles  or  ttattcncd  scales 
from  mu<icW,  spleen,  thymus,  brain,  bone,  liver  and  kidney.  In  normal  urine  a  body  ncu-ly  related 
to,  and  possibly  identical  with,  hypoxanthin  occMjt  {E.  Saik<y}ojki).  I{y)X)xanihin  closely  resem- 
bles xanthin,  and  can  be  changed  into  it  by  ovidaiioD.  Nascent  hydrogen,  on  the  other  band. 
reduce*  uric  acid  lo  xanthin  and  hypoxanthin.  When  evaporated  with  nitric  acid  it  gives  a  li^ 
yellow  stain,  which  becomes  deeper,  but  not  reddisbyellow,  on  adding  caustic  soda.  It  is  m«.>re 
easily  soluble  in  water  than  xanthin,  and  by  this  meant  the  two  substances  can  be  seporatcti  from  « 
each  other.     Guanin  is  insoluble  in  water. 

Fig.  257. 


Fk;.  258. 


UxaljU  nf  lloie,  »,b.  octali«Jn: 
c.  curattouiHl  fomu  :  d,  dnaih 
bcUa. 


Krotlniifiiuc  chloride,      a,  balls   with  ntdjaling  marki;    i, 
cryttAlllicd  frorxi  vmier  ;  c,  from  alooliol. 

Oxaluric  acid  (CgH^N^O,)  occura  in  vtry  tmaii  quantity  comlHncd  with  nnimonia  in  tirit=9 
Physiologically,  it  is  interesting  on  accoant  of  its  relation  lo  uric  acid.     It  is  a  white  powder  tligb'' 
soluble  in  water.     Animooia  oxaluratc  can  be  (n-epared  frum  uric  acid. 

Oxalic  Acid  (C,H,0,)  occurs,  l>ut  not  con.stantl)%  to  the  amount  of  to  \m\Z 
grammt^  daily  as  oxalate  of  Ume,  which  Is  known  by  ihe  "  envcloiw  "  shaje 
the  crj-btals  (Fig.  258);  insohil>Ic  in  acetic  acid,  and  forming  transiwi^nt  octahfdi — -^'•f- 
Morc  rarely  it  assumes  a  l)isciiit  or  .sand-glass  form.  Tlie  genetic  relation  of  oxal.^  t 
acid  to  uric  acid  is  shown  l>y  the  fact  that  dogs  fed  with  uric  acid  excrete  mut^^^*'" 
oxalate  of  lime.  Oxalic  acid  may  also  he  produced  by  the  oxidation  of  prodticr^^^ 
derived  from  the  fatly  acid  series  (p.  430). 

Oxaluria. — The  eating  of  substances  containing  oxalate  of  Ume   Irhubarb^   increased  the  c ^c^^^jr^""' 
tion     Increased  excretion  is  called  oxaluriu ;  it  is  regarded  as  n  Myii  of  retarded  tnctabtdisni  {  HfUfk^   -^       • 
and  it  may  give  rise  to  the  formnlion  of  a  calculus.     In  oxaluria  the  uric  acid  is  alsoofien  imiiJ*-'^  ^'*! 
in  amount.     Perhaps,  in  the  tirst  in^ancc,  there  is  an  increased  formation  of  uric  acid,  fr\"tu  whi^  .^auc 
oxalic  acid,  urea,  and  CO,  may  Ik  (brmed.     The  amount  of  oxalic  acid  is  increased  after  the  uw     - 
wine  and  sodic  bicarbonate. 
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Hippuric  Acid  ^  C,H»NOi  (Benzoylamidcwuretic  acid)  occurs  in  large  amount 
in  Ihe  urine  of  herbivora,  and  in  them  is  the  chief  end  product  of  the  metabolism 
of  nitrogenous  siilistances ;  in  human  urine  the  daily  quantity  is  small,  0.3  to  3.8 
grms.  (5  to  50  grains).  It  is  an  odorless  monol)asic  acid  with  a  bitter  tasle,  crys- 
tallizing in  colorless  four-sided  prisms  (Fig.  259)-  Readily  soluble  in  alcohol,  and 
soluble  in  600  parts  of  water. 

[CfTstals  of  liippuric  acid  when  heated  iu  a  icst'tubc  arc  decom[)ost^,  and  a  ^uliliniate  of  l>cnzoic 
acid  ajid  ammonic  brnujatc  condenses  on  the  upper  cool  pnrt  of  the  tube,  while  there  is  &d  odor  of 
new  hay,  and  oily  drops  remain  in  the  tube.] 

It  w  a  conjugated  acid,  and  is  formed  in  the  body  from  licnzoic  acid,  or  some 
nearly  related  chemical  body,  such  as  the  cuticiilar  substance  of  plants,  or  from  oil 
of  bitter  almonds,  cinnamic  or  chinic  acid,  which  easily  jiass  by  reduction  (chinic 
acid)  or  by  oxidation  (cinnamic  acid)  into  benzoic  acid  ;  glycin  uniting  with  it, 
with  the  formation  of  water — 


C,H,0,     -\-     C,HiNO, 

BctMoicadd      -f  Glycin 


C,H^O,    + 

Hippuric  acUl       <j- 


H,0 

W«ter. 


[Formation. — When  benzoic  acid  is  introduced  into  the  alimentary  canal  of  an 
animal  (rabbit  or  dug),  it  apj>cars  in  the  urine  as  hipjinric  acid  ;  while  nitro-benzoic 
acid  appears  as  nitro-hippuric  acid.    As 
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the  benzoic  acid  passes  through  the 
body,  it  becomes  conjugated  with  gly- 
cin or  glycocin,  chiefly  in  the  kidne^-s. 
The  hippuric  acid  in  the  urine  of  her- 
bivora is  chiefly  derived  from  some 
su1>stance  with  a  benzoic  acid  residue 
present  in  the  cuticular  coverings  of 
the  food.  Thai  hippuric  acid,  in  part 
at  least,  is  formed  in  the  kidneys 
is  shown  by  the  following  considera- 
tions: If  arteriali£ed  blood,  containing 
benzoic  acid  and  glycin,  or  even  l>en- 
roic  acid  alone,  be  jiassed  through  the 
blood  vessels  of  a  fresh,  living,  excised 
kidney,  hippuric  acid  is  found  in  the 
blood  after  it  is  jierfiised.  Kven  after 
forty-eight  hours,  if  the  kidney  be  kept 
cool,  the  synthesis  takes  place.  If  the 
kidney  I)C  kept  too  long,  the  conjuga- 
tion does  not  take  place.  If  the  fresh 
kidney  be  chopped  up,  and  kept  at  the 

temperattire  of  the  body  with  benzoic  acid  and  glycin,  hippuric  acid  is  [formed. 
Oxygen  seems  to  be  necessary  for  the  process,  for,  if  l^loud  or  serum  containing 
carbonic  oxide  he  used,  there  is  no  formation  of  hippuric  acid.] 

Accntding  to  ibii  view,  it  ti  derircd  chiefly  from  the  food  of  herhivoroits  animals,  and  hence  it  i» 

absent  fmm  the  urine  of  sucking  calves,  as  well  as  after  fecdiuf;  willi  grain  devoid  of  husk.  Bolil 
i*  also  formed  in  Ihc  body  from  the  proieid«.  In  the  dog,  the  formation  of  hippuric  acid  occur*  in 
the  kidney  iS,hmif,/titfix  «»</  Bnni;e),  and  in  the  frog  alwj  ouisidL-  the  kidney.  KUhnc  and  Ilall- 
wacha  thought  it  was  foiincd  in  ihc  liver,  and  Jaarsvcld  and  StockvLi  in  the  kidney,  liver,  and  inte»- 
tine.  The  observaiion  of  Salomon  that,  after  excision  of  the  kidnej"s  in  rabbit*,  and  injection  of 
beni/iic  acid  into  the  blood,  hipi>uric  acid  was  found  in  the  intMcIes,  blood,  and  liver,  goes  to  show 
that  it  must  \<c  formed  in  other  organs  bcriile  the  kidneys-  The  power  of  changing  benixiic  add 
Introduced  into  ihc  human  body  into  hippuric  acid,  may  even  be  abolished  in  disease  of  the  kidney. 
Under  certain  circumstances  it  seems  that  hippuric  acid,  already  fomieil,  may  l«  again  decompoacd 
In  iKe  tisHiei. 

li  ia  greatly  increased  after  eating  pears,  plunu  and  cranbenies;  in  ictenu,  lome  liver  afTecttons. 
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and  in  dia)wtes.  When  boiled  with  .Mrong  add  or  alkalies,  or  with  putrid  substances,  it  takes  up 
11,0  and  splits  into  bcncoic  acid  aod  glycin. 

Preparation. — Add  milk  of  lime  to  the  frtsk  urine  of  horses  or  cows  to  form  calcic  hippurale. 
Filter,  evaporate  the  liltrale  to  a  small  bulk,  and  precipitate  the  hrpi^uric  acid  with  exce&s  of 
hydrochloric  acid.  To  purify  the  hippuric  acid,  crj-Ntallize  it  Mvera!  times  from  a  hot  watery 
solution. 

Cyanuric  Acid.— C,jH„N,0,  +  H,0  occurs  in  the  urine  of  dogs  {J.  r.  Liekig). 

AUantoin,  CiH«N*0„  which  occurs  in  the  amniotic  fluid  of  the  cow,  is  found 
in  minuie  traces  in  normal  urine  after  flesh  food,  and  is  more  abundant  duriiig  the 
first  weeks  of  life,  and  during  pregnancy. 

Aficr  large  doses  of  tannic  acid,  the  amount  \%  increased  \Sch9iiin\  while  In  dogs  feeding  with 
unc  acid  also  increases  it  ( Saik<ncski\ , 

Properties. — It  forms  i^iliiniog  prismniic  Ciystals;  from  the  urine  of  sucking  calves  it  erystallixes 
in  transparent  prisms.  It  is  decomposed  by  ferments  into  urea,  ammonium  oxalate,  and  carbonate,  and 
anoiher  as  yet  uiikiiown  body.  Preparation— (<!)  the  urine  is  precipitated  with  bas-ic  Icid  accialc, 
the  lead  in  the  tiltrale  is  removed  by  sulphuretted  hydroycii.  and  the  lihrate  itself  is  then  evaporated 
to  a  syrup,  from  which  the  cr^-sials  separate,  afior  standing  for  several  daw.  They  arc  then  washed 
with  wnter,  and  rccn-sfallized  from  the  water  {Salii.'w.iiri). 

261.  COLORING   MATTERS  OF  THE  URINE.  ~t.  UrobiUn  is 

most  abundant   in  the  highly  colored  urine  of  fevers,  but  it  also  ocriirs  in  normal 
urine  {Jaffc).     It  is  identical  with  the  hydrobiliriibin  of  Maly  {%  117,  3,  g).     It  is 
a  derivative  of  haematin,  which  also  yields  \\\q  bile  pigments  (§  177).     It  gives  a 
red  or  reddish'Vell&w  color  to  urine,  which   becomes  yellow  on   the  addition  of  ' 
ammonia. 

[MacMiinn,  chiefly  from  spectroscopic  observations,  finds  that  two  entirely  different  substances 
have  I>cen  included  under  the  name  of  "  urobilin,"  vi^.,  that  oi  normal  and  that  of  pathological 
urine,  and  that  hydrobtlirtibin  i»  niH  identical  with  either.  The  i>athological  urobilin  seems  to  be 
closely  connected  with  stercobilin  {\  185).] 

Preparation. — Prepare  a  chloroform  extract  of  urine  containii^  urobilin — add  iodine  to  the 
extract,  and  remove  the  iodine  by  shaking  the  mixture  with  dilute  cau<itic  potash,  which  forms  potss- 
sic  iodide.  This  potash  solution  becomes  yellow  or  brownish.ycllow,  mid  exhibits  beautiful  greeu 
JlHortufnce  [Cerhardl). 

Urobilin  may  be  extracted  from  many  urines  by  ether  (Sa/lfTfjii).  When  subjected  to  the  action 
of  reducing  agcnis,  f.^.,  sodium  rtmalgam,  a  colorless  product  is  obtained,  which  on  exposure  to  the 
air  absortts  O.  and  L«comet  re-transfurmed  into  urobilin.  This  colorless  body  is  identical  with  ine 
chromogen  which  JalT<6  fmmd  in  urine. 

If  urine  is  treated  with  soda  or  potash,  the  characteristic  absorption  band  lying  between  &  and  F 
puses  nearer  to  i,  Itecomes  darker  and  inure  sharply  deliued.  According  to  IIo|>pe-Scyler,  urobilin 
IS  formed  in  urine  after  it  is  voided,  from  another  urobilin-forming  body  (Jafft^'s  chromogen)  ftb*ort>- 
ing  oxygen.  If  urine  containing  urobilin  Le  made  alkaline  with  ammonia,  and  zinc  chloride  be 
added,  it  exhibits  marked  fiuoresteMce  :  it  has  a  f:rfen  ahinimcr  by  reflected  light.  When  urobilin  is 
iiolated,  it  fluoresces  without  the  addition  of  '.inc  chloride.  In  cases  of  jaundice  {\  iSoi,  where 
Graelin's  (est  sometimes  fails  to  reveal  the  presence  of  bile  pigmrnis,  uioV>ilin  occurs  This  "  un>1)(lm> 
icterus"  yiifrhardt)  occurs  chiefly  after  the  absorption  of  large  extravasations  of  blood.  According  I 
to  Caxeneuve,  the  urc^ilin  is  increased  in  all  diietscs  where  there  is  increased  disiotcgralioa  <^  ' 
blood  corpuscles. 

2.  Urochrome  (  Thudichum\  Is  regarded  as  the  chief  coloring  matter  of  urine.  It  may  be  iso- 
lated in  the  form  of  yellow  scales,  soluble  in' water,  and  in  dilute  acids  and  alkalies.  The  water>- 
solution  oxidizes,  and  when  exposetl  to  air  becomes  red,  owing  to  the  formaiiun  of  uroeryttarin. 
When  acted  on  by  acidt,  new  decomposition  jiroducts  are  formed,  t-g.,  uromelanin.  t'roerythrin 
gives  the  red  color  to  deposits  of  urates  W  25S'|. 

3.  A  brown  pigment  containing  iron  is  carried  down  with  uric  acid,  which  is  precipitated 
on  the  addition  of  hydrochloric  acid  ($358).  Hy  repeatedly  adding  sodic  urate  to  the  urine, 
aod  precipitating  the  uric  add  by  hydrochloric  acid,  a  considerable  amount  may  be  obtained 
yKunkel). 

4.  Urioe  boiled  with  HCl  yields  a  garnet-red  crystalline  p^tment,  urorubln,  to  ether. 

In  cases  of  melanotic  tumors,  there  has  been  occa:«ionally  observed  urine,  which  Iweomes  dark, 
owing  to  melanin  (2  250,  4),  or  10  a  coloring  matter  conlaming  iron  [A'unkft). 

a6a.  INDIGO.  PHENOL.  KRESOL.  PYROKATECHIN,  AND 
SKATOL  FORMING  SUBSTANCES.  —  i.  Indican  [t\H,NSO,J.  or 
indigo-forming  substance  (S^hunck)^  is  derived  from  indal,  C,HtN,  the  basis  of 
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iodigo,  which  is  formed  in  the  intestine  by  the  pancreatic  digestion  of  proteids 
(S  170,  11),  but  it  also  arises  as  a  puirefartive  product  (§184,  6).  Indol,  when 
united  with  the  radical  of  sulphuric  acid,  HSO„  and  combined  with  |X)tassium, 
forms  the  so-called  indigo^en  or  indkan  of  urine  (Brirger,  Bauuiann).  This  sub- 
stance (C»H,NSO,K  =  ]K)iassium  indoxyl-tiulphatc)  forms  white  glancing  tablets  and 
plates ;  readily  soluble  in  water,  and  less  so  in  alcohol.  By  oxidation  ic  forms  indigo- 
blue;  2  indican  +  O,  =  C,«H„N,0,  (indigo  blue) -f  zHKSO,  (acid  potass  ic  sul- 
phate). It  is  more  abundant  m  the  urine  in  the  tropics  and  it  is  alisent  from  the 
urine  of  the  newly  bom  {Senator). 

Tests. — [  1 )  Add  to  40  drops  of  urine  3  to  4  ex.  of  strong  fuming  b>-drochloric  acid,  and  3  to  3 
drop«  of  nitric  acitl.  Boil,  a  I'ioiet  reJ  color  (wuh  the  depOMlion  of  Inie  cryslalline  indigo  btut 
(rhombic)  and  indigD  red  attest  its  presence.  I*utrefaction  causes  a  similar  decomposition  in  indicon ; 
hoKc,  wc  not  unfr«iuaiily  ohsci^c  a  bluish-red  pellicle  of  micioscopic  cry>uU  uf  imligo  blue,  or  even 
a  precipitate  ufihc  ^uut;.  (2)  Mix  in  a  beaker  c<|ual  <]uaiilities  \ii  urine  antl  hydroch  lot  ic  ncid,  end 
add  two  drops  of  solution  of  chlorinated  lime;  the  mixture  at  hr;4  becomes  clear,  then  blue  i  Jtiffi). 
Add  chlorofonn,  and  !«hakc  the  mixture  vigorously  for  some  time;  the  chlocx>ibfm  ili^sulvcs  the  ulue 
coloring  matter,  which  is  obtained  at  a  deposit,  when  the  cliloroform  evaponttes  {Senator,  Sa/AirwsH). 
(5|  Heat  to  70^  one  part  of  urine  with  two  parts  of  nitric  acid,  and  shake  up  with  chloroform;  the 
chiofoAinn  dissolves  the  indii^o  which  i»  fonned,  assnimcs  a  violet  color,  and  gives  an  abMirptioo  Iwnd 
between  C  and  I),  slightly  nearer  D  {//oftfvSryUr).  Quantity. — Jafiifc  found  in  1500  c.c.  of  normal 
hutnan  urine  4.5  In  I9.5  milligrammes  of  indigo;  hon«']>utine  contains  2\  tvmcs  as  much.  The  sub- 
cutaneous injection  of  indol  inaeases  the  imlican  in  the  urirve  (J/iffi)-  K.  Ludwig  obtained  indican 
liy  heating  lucmatin  or  urt^tlin  with  a  caustic  alkali  and  zinc  dust.  It  has  also  been  found  in  the 
sweat  \Bnio\. 

Pathological. — The  inrlicao  in  the  urine  is  increased  when  much  indol  Is  formed  in  the  intestine 
(2  172.  II}.  e.f^.,  in  typhus,  lead  colic,  trichinosis,  catarrh,  and  hemorrhage  of  the  Momacli,  cholera, 
carcinoma  of  the  liver  and  stomach ;  obstnietioo  of  the  bowel  or  tteus,  periionitis,  and  diseases  of  the 
small  intcMine. 

2.  Phenol,  C^H^O  (carbolic  acid,  §  ^sa),  was  discovered  by  Stadeler  in  human 
urine  (more  abundant  in  horse's  urine).  It  does  not  occur  as  carbolic  acid,  but 
in  combination  with  a  substance  from  which  it  is  separated  by  distillation  with 
dilute  mineral  arids.  The  "phenol-forming  substance"  is,  according  to  liaii- 
mann,  **  phenolsulphonic  acid"  (C,H^O,SO,H},  which  in  urine  is  united  with 
potash. 

Phenol  is  derived  from  the  decom{K>»ilion  of  proteids  by  paitcrealic  digestion  ({  172,  II),  and  also 
horn  putreCaaion  {\  184,  6).  the  mother  substance  being  lyrosin.  Hence  the  lormation  of  |>l)enul- 
•ulpfaooic  acid  is  analogoas  to  the  formation  of  indican. 

If  in  the  employment  of  cartwUc  acid  it  be  at»orbed,  the  phenolsulphonic  acid  become*  Ki^^^tly 
increased  in  amount,  w  that  sulphuric  acid  must  hr  unite<l  wilh  it ;  hence,  alkaline  Kulphntes  are 
decomposed  in  the  bo<ly,!iO  that  the  latter  may  lie  al>sent  frum  the  urine  {Baumattn).  Living  mu-i^le 
or  liver,  when  dige<rteil  in  a  stream  of  air  for  so-crol  hours  wilh  blood  lo  which  phenol  nml  <«odic  ml- 
phatc  ore  added,  yields  phcnoUulphoiuc  acid ;  while,  under  the  some  circumidanccs,  pyrokatcchin  forms 
Clher»ulphnnic  acid. 

C&rbolurla. — When  cartiollc  add  it  nsed  exiemally  or  Jniemally.  and  it  is  absorbed,  it  causes 
a  i/<n^,  dark  eolertd  urine,  due  to  the  oxidation  of  phenol  into  bydrochinon  (ortliobioxyben^ul 
^C^H^,),  which  for  the  mod   part   appears  in  the  urine  as  ethersulphonic  acid  {Haumann  and 

3.  Parakresol  (hydroxyltohiol,  C,H,0),  with  its  isomere  ortho-  and  meta- 
kresol  (the  bttcr  in  traces),  is  more  abundant  in  urine  {Baumann,  Preussc),  It 
also  occurs  in  combination  with  sulphonic  acid. 

Test  for  phenol  (and  also  krcsol) :  Distill  15a  c.c.  urine  with  dilute  salphtvic  acid.  The  distil- 
late gives  a  Irown  crystalline  deposit  of  tribmnopbenol  with  broroinc  water,  as  welt  as  a  red  cc^or 
with  Millon's  reagent. 

Hydroxybenxol  (|>>-rokaiechin,  hydrochitton)  is  obtained  from  urine,  when  it  b  heated  for  a  long 
lime  with  b)(lri>cMur)c  acid. 

Resorcio,  which  ts  an  isomer  of  bydrochinoa,  when  administered  internally,  also  appean  Id 
the  mine  as  eihersul phonic  acid.     Toluol  and  oaphthalin  behave  similarly.     Ucaiol  is  oxidized  to 
|iheiwl. 
&        4.  Pyrokatcchin  =^  C«H«0,  (metadihydroxylbenzol),    is  formed  along  with 
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hydrochinon  from  phenol,  and  is  an  fsomer  of  the  former.  It  behaves  like  indol 
and  phenol,  for  when  united  with  sulphonic  acid,  it  yields  ihe  pyrokatcchin-forming 
substance.  Small  quantities  sometimes  occur  in  human  urine;  it  is  more  abun- 
dant in  the  urine  of  children  ;  it  becomes  darker  when  the  urine  putrefies. 

5.  Skatol,  which  is  crystalline,  and  is  formed  during  putrefaction  in  the  intes> 
tine,  also  appears  in  the  urine  as  a  compound  of  sulphonic  acid  (§  252).  On 
feeding  a  dog  with  skatol,  Brieger  found  much  polassic  skatol-oxysulphatc. 

Test. — Skatol  compounds  arc  recogniied  by  adding  dilute  nitric  acid,  which  causei  a  violet  color, 
or  fuming  nitric  acid,  which  precijntates  red  flahes  [A'rnfH).  Its  quatitily  is  regulated  by  (he  same 
conditions  as  indicnn. 

The  aromatic  oxyacids.  bydroparacumaric  acid,  and  paraoxyphenylacetlc  acid  (the 
former  a  putrefactire  product  of  flesh,  ihc  latter  oluained  by  E.  and  H.  Salknwski  from  putrid  olbu- 
min]  occur  in  the  urine  [Saumann,  \  252).  Shake  the  urine  treated  with  a  mineral  acid  with  ether. 
evaporate  the  tatter,  and  dis.solvc  (he  residue  in  water.  If  aromatic  nxyacids  are  present,  ihey  give 
a  red  color  with  Milieu's  reagent. 

Baumann  gives  the  following  !(erie5  of  bodies,  which  are  formed  from  tyrosin  by  decomposition 
and  oxidation;  most  of  the  substances  are  formed  both  during  the  decnm^xvsition  of  alljumin,  and 
also  in  the  inteitine,  whence  ihey  pass  into  the  urine  ;  Tyrosin,  C,H,iN(lj-)~  H,^==CjJi«Oj  (hydro- 
paracumaric  acid)  -f-  NH,.  C^Hu*  ),=  C'j,Hy,0  (paraeihylphenol,  not  yet  proved)  4-  CC5,.  ^H»0 
-}-0,=  CjillBOj(paraoxyiihenyIaceticacid)  +  ll,0.  C;H.O,=  C,H.O|parakresol)  +  CCV  CjH.O 
-j-Oj=C,HjOj  (paraoKv  ben  zoic  acid,  not  yet  proved)  ^- H,0.     C^HgO  ^CgHgO  phenol  -t-  CO_. 

Potassiuro  sulphocyanide,  derived  from  the  saliva,  also  occurs  in  urine.  .After  ncidulation 
with  hydrochloric  acid,  its  presence  may  W  detected  by  the  ferric  chloride  lest  ({  146 — CseheiJ/en 
and  J.  Munk\.     (.>nc  litre  of  human  urine  contain?  0.02  to  008  gramme  combined  with  an  alkali. 

Succinic  Acid  (C^H/JJ  occurs  chiefly  after  a  diet  of  flesh  and  fai,  and  almost  disappears  after 
a  vegetable  diet.  It  is  a  decomposition  product  of  asparagin,  and  occurs  in  considerable  amount  in 
the  urine  after  eating  asparagus.  It  is  also  a  product  of  the  alcoholic  fermentation  {%  150)1  and  as 
it  passes  out  of  the  body  unchanged,  it  occurs  in  the  urine  of  those  who  imbibe  spirituous  licjuors. 
It  ;<as5es  unchanged  into  the  urine  {Neubauer). 

Lactic  acid  (CjH^OO  i»  a  constant  constituent  of  urine-  fXber  observers  have  found  ferment- 
able  lactic  acid  in  diabclic  urine ;  sarcolacttc  acid  ofter  poUoning  with  phosphorus  and  in  trichinosis. 
Occasiotully  traces  of  volatile  fatty  acids  are  present.  Some  animal  gum  occurs  in  urine  (p. 
431),  and  Bechamp's  "  nephrorymose  "  consists  for  the  most  part  of  gum  {Landwehr).  This 
substance  is  precipitated  hum  unne  by  adding  tu  it  three  times  its  volume  of  90  per  cent.  alcofaoL 
It  is  not  a  simple  body,  but  a(  60°  t<i  70^  C.  it  transforms  starch  into  sugar  {v.VinlschgauV 

Ferments. — Traces  of  diastatic,  peptic,  and  rennet  ferment  have  bieen  found,  espedally  in 
urine  of  high  specific  gravity.     Trj-jsin  is  said  not  to  occur  normally  {^Leo). 

Traces  of  sugar  {BrGtke.  Bencf  Jonet).xo  ilie  amount  of  0.05  to  cot  per  cent.,  occur  in  nonnol 
urine.  After  the  ingestion  of  milk-,  cane  ,  or  grape  sugar,  (50  grms.)  these  varieties  of  sugar  appear 
in  small  quantity  in  the  urine  (IVorm-AfUilfr — \  267.7). 

Kryptophanic  acid  (C|lIyNO^),  according  to  lliudichum,  occurs  as  a  free  acid  in  urine,  but 
I^ndwehr  regards  it  as  an  animal  gum. 

Aceion  (CjlI^O')  is  formed  when  tiotinal  urine  is  uxidi/ed  with  jx>ta&sic  bictkromate  and  sulphuric 
acid,  and  it  is  formed  from  a  reducing  sulistancc  (wcscnt  in  normal  urine  (apparently  derived  from 
the  gm{>e  sugar  of  the  blo<Hl).  Acetnn  occurs  in  traces  a.s  a  normal  urinar>'  constituent,  which  ts 
increased  during  increased  decomposition  of  the  tissues,  e./;.,  carcinoma,  inanition.  It  has  also  been 
found  In  the  blood  in  fever  {v.  Ja^itch).  Lieben's  Test. — Acidiilme  half  a  litre  of  urine  with 
IICI  and  dlslill;  when  treated  with  tincture  of  iodine  and  utuniunia  there  is  a  turbtdity  due  to 
iodoform. 

II.  THE  INORGANIC  CONSTITUENTS  OF  THE  URINE.— 

The  inorganic  tunstituents  are  either  ukcn  into  the  body  as  such  uuh  (he  food 
and  pass  off  unchanged  in  the  urine,  or  they  are  formed  in  ihe  body,  owing  to  the 
sulphur  and  phosphorus  of  ihe  food  being  oxidized  and  the  products  uniting  with 
bases  to  form  salts.  The  quantity  of  salts  excreted  daily  in  the  urine  is  9  to  25 
grammes  f'^  to  ^  oz.]. 

1.  Sodic  chloride — to  the  amount  of  12  (10  to  13)  grammes  [tSo  grains] 
— is  excreted  daily.  It  is  increased,  after  a  meal,  by  mtisctilar  exercise,  drinking 
of  water,  and  generally,  when  the  quantity  of  urine  is  increased,  by  the  free  use  of 
large  quantities  of  common  salt,  but  by  potash  salts  also;  it  is  diminished  under 
the  opposite  conditions. 

In  diseaBC  It  is  greatly  dimittished ;  in  pneumonia  and  other  inflammations  accompanied  liy 
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^Hriom,  in  coatinued  diarrhtca  and  profiue  sweating,  constantly  in  albuminuria  and  in  dropso.  [In 
cam  of  [Mirumciiiia,  todic  chloride  nuiy  oi  a  certain  fttoge  almost  disappear  (mm  the  urine,  and  it  16  a 
good  Mgn  *hCTi  the  chlorides  l>effin  to  reappear.]  In  other  chrome  diseases,  the  anioiini  of  NaCl 
excreted  nitu  nearly  parAllel  witTi  the  amount  of  urine  pa&^ed.  In  conditions  of  excitement  ibe 
amount  of  5odic  cblonde  it  diminLnhed,  and  pntas6ic  chloride  increased;  in  conditions  of  depreaoo 
the  reverse  is  the  case  {Zeu/ur). 

Tesl. — Add  lo  llic  urinr  nitric  acid  and  then  nitrate  oT  ulver  solution,  which  gives  a  while  cordy 
precipitate  of  chloride  of  silver.  In  albuminous  urine  the  albumin  must  first  be  removed.  il/rVr**- 
tiopUally  look  for  the  step-like  forms  of  common  salt,  and  also  for  the  oyttals  of  todic  chloride  and 
urea  {\  256.4). 

3.  Phosphoric  acid  occurs  in  urine  as  acid  sodic  phosphate  anrl  acid 
calcic  and  magncsic  phosphates  to  the  amount  uf  aliuut  2  grammes  daily 
[30  grains]  ;  it  is  more  abundant  after  an  animal  than  after  a  vegetable  diet.  The 
amount  increases  after  a  midday  meal  until  evening,  and  falls  during  the  night 
until  next  day  at  noon,  [t  is  partly  derived  from  the  alkaline  and  earthy  phos- 
phates of  the  food,  and  partly  as  a  decomposition  product  of  lecithin  and  nuclein. 
As  phosphorus  is  an  important  constituent  of  the  nervous  system,  the  relative 
increase  of  phosphoric  acid  is  due  to  increased  metabolism  of  the  nervous  sub- 
stance. 

Pathological. — -In  Uscvs^  the  increased  excretion  of  jxitassic  phosphate  \&  due  lo  a  coniiumption  of 
blood  and  muvle  {^\  330.  3.)  It  is  also  increased  in  inllammalion  of  the  lirain,  tioflcning  of  the 
bones,  diaWtc-i,  luid  oxalurin :  nfter  the  odm in i^t ration  of  lactic  acid,  morpluu,  chloral,  or  cblorofonn. 
It  i*  diminished  during  prqipiancy,  nwin^  to  thf:  formation  of  the  firtal  bones;  also  after  the  use  of 
ether  Biid  alcohol,  and  in  indamnmlion  of  the  kidney. 

[Teats. — To  urine  add  nitric  acid  and  stdution  of  ominouiura  molybdatc  and  boil,  a  canary  yellow 
precipitate  of  ammonium  phosphMmolybrlate  indicates  the  presence  ^i  phosphoric  acid.  Or,  add  half 
Its  volume  uf  caustic  potash  to  orine,  luid  lK>iL  'ilie  earthy  phosphates  are  precipitated,  but  not  the 
alkaline  phosphates] 

Earthy  phosphates  are  precipitated  by  heat  in  some  pathological  urines. 
This  precipitate  is  distinguished  from  albumin,  which  is  also  precipitated  by  heat, 
by  being  soluble  in  nitric  acid,  which  precipitated  albumin  is  not.  [The  earthy 
phospliates  are  not  precipitated  until  near  the  boiling  point.] 

Quantitative. — The  amount  oi  phosphoric  add  is  estimated  by  titration  with  a  Uamdard  xoluHen 
of  uranium  aerUUt ;  ferrOiyaHide  of  potassium  l>cing  the  indicator.  The  indicator  gives  a  brownish 
red  color  when  there  is  on  excess  of  ftce  uranium  acetate. 

In  uldtlir>n  to  ph't^phoric  acid,  phoxpboros  occurs  in  an  incompletely  osidized  ibrm  in  the  urine, 
'•S-*  glycerinphosphoric  acid  (J  251,  2),  which  occurs  to  the  amount  of  15  milligrammes  in  a  litre 
of  uriiK;  it  vs  increased  in  nervous  d^seaae»  and  after  chlotofurm  narcosiis. 

3.  Sulphuric  acid  occurs  in  the  urine,  the  greater  part  in  combination  with 
the  aikaiifs,  and  the  remainder  united  with  indol,  skatoi,  and  pyrokatechin,  in  the 
form  of  aromatic  ethersulphonic  compounds,  the  ratio  being  1  ;  0.1045.  ^'^  condi- 
tions which  favor  the  formation  of  indol,  skatol,  or  pyrokaiechin,  increase  the 
amount  of  combined  sulphuric  acid,  The  total  daily  amount  of  sulphuric  acid 
is  3,5  to  3.5  grammes  [37  to  52  grains].  It  is  increased  by  the  administration  of 
sulphur  {Krause).  The  sulphuric  acid  is  chiefly  derived  from  the  decumposltion 
of  proteids.  and  hence  its  amount  runs  parallel  with  the  amount  of  urea  excreted. 
The  amount  of  alkaline  sulphates  in  the  food  is,  as  a  rule,  very  small. 

An  increased  excretion  of  sulphuric  nctd  in  fevers  indicates  an  increased  metalwlism  of  the  ti^nia 
of  the  body.  In  renal  intlammation  ii  has  been  observed  to  be  diminished, and  in  ec^em^  it  b  greatly 
increased.  Feeding;  with  taurin  (which  contains  sulphur),  in  (he  case  of  raltbits  (tnit  not  in  camivora 
or  manf,  increases  the  sulphuric  ncid  in  the  urine  {^SatkfftvtkiY  Accordinf;  to  2flUer,  a  copious  lecre- 
lion  of  bile  leuens  the  refaiive  amount  oi  sulphuric  .-icid  in  the  urine. 

Test. — Hahum  chloride  gives  a  copious  while  heavy  [irrcipitate  of  barium  sulphate,  insoluble  in 
nitric  acid. 

In  addition  to  nilphufic  acid,  sulphur  U)  occu's  in  an  incompletely  oxidiicd  form  in  the  urine 
(uXauium  sulphocjonide,  cystin,  and  sulpnur-I'caring  compounds  derived  from  the  Ijile)  {A'uH^ei,  v. 
tloit-'l  177,  (>).  Ififosulphuroui  acid,  as  nn  alk.iline  uU,  u  an  aftuormal  constituent  in  typhus; 
and  so  is  Milpburcttcii  bydrcgen,  which  is  recognised  Ify  the  blackening  of  a  piece  of  paper  moist* 
ened  with  lead  acetate  and  aamonia,  held  over  the  urine. 
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4.  Excessively  minute  traces  of  silicic  acid  and  nitric  acid  derived  from  drinW 
ing  water  liavo  been  found  in  urme.     Organic  acit/s,  r.g.,  citric  and  tartaric,  whc 
taken  inlernally,  increase  the  amount  of  (ardonates  in  the  urine.     The  urine  \n.v_ 
effervesce  on  the  addition  of  an  acid. 

The  sodium  in  the  urine  is  chiefly  combined  with  chlorine,  but  a  small  part  0  ^^ 
it  is  united  with  phosphoric  and  uric  acids;  potassium  (which  is  al>out  \i  of  ihu-^  *c 
sodiumj  is  chiefly  combined  with  chlorine.  In  fevers,  more  jxitash  is  excreted  lhaTKr-«Tv 
soda,  and  during  convalescence,  the  reverse  is  the  case ;  calcium  and  magncsiuTn^cr~sk 
exist  in  normal  acid  urine  as  chlorides  or  acid  phosphates.  If  the  urine  '\s  neutral, .^^  Jl, 
neutral  calcium  phosphate  and  magnesium  phosphate  are  precipitated.  Kbstein  found  Ki^d 
the  latter  in  alkaline  urine,  as  large,  clear,  four-sided  prisms,  in  diseases  of  the  stomach.  ^  ^. 
If  the  urine  is  alkaline,  calcium  carbonate  (Fig.  281)  and  tribasic  calcic  |*hosphatc::3»fce 

are  depositetl  a.s  such,  while  the  magnesium  is  precipitated  in  the  form  of  ammonio ^^ 

magnesium  phosphate,  or  triple  phosphate.     Tlie  calcium  is  derivwl  from  the  food,^    J, 
and  depends  upon  the  amount  of  lime  salts  absorbed  from  the  intestine.     Frei 
ammonia  is  said  to  occur  (0.72  gramme,  or  7  grains  daily)  in  ixrrfectly  fresh  urin 
i^Ndubaufr^  Briicke)^  and  the  amount  is  greater  with  an  animal  than  with  a  vegetab 
diet  {Coranda).     The  amount  of  fixed  ammonia  is  increased  by  the  administralioi 
of  mineral  acids  (  Jfo//rr,  SchmUiicberg,  Ga/kgens).     Iron  (1    to  11  miUigraniim 
per  litre)  is  never  absent.     There  is  a  trace   of  hydric  peroxide  [Schondria 
which   is  detected  by  its  decolorising  indigo  solution  on  the  addition  of  itoc- 
sulphate. 

Gases. — 24.4  c.c.  uF  gas  was  olxaincd  from  one  litre  of  urine — 100  volumei  of  the  cues  pafnp^^^=)i 
out  consisted  of  65,40  vol.  CO,,  J. 74  <>,  13.86  N.  .Afier  severe  muscular  action,  the  amoaaC  of  CCIU3 
may  be  doubled;   di^^cstion  also  increases  it,  copious  drinking  diminiihei  it. 

363.  FERMENTATIONS   OF   URINE.  — Acid    Fermentation. 

When  |)erfectly  fresh  urine  is  set  aside,  it  gradually  becomes  more  acid  from  day 
day.  This  is  called  the  **  acid  fermentation."  It  seems  to  be  due  to  the  devi 
opment  of  special  fungi  (Fig.   260,  a),  and  the  proceis  is  accompanied  by 
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Depcnil  in  "acid  fermcntaiion "  of  urine,    a,  funcuc;  i, 
anorphoiu  Mtdiunt  umte:  r, uric  acid:  </,  calcium  ox- 


DeprMil  in  amnuMilaoU  tiriiw  (alkaline  fi 
a,  acid  ammonium  urate  ;  i,  amtlMali 
phosphate;  c,  liacwrtuai  una. 


deposition  o(  urU  acid  ((),  acid  s^tUum  urafe^  in  amorphous  grains  (i^),  and  caUiu^ —    — ■ 
ffxa/a/c  (d).     According  to  Scherer  the  fungus  and  the  mucus  from  the  bladdo*^*' 
decompose  part  of  the  urinary  pigment  into  lactic  and  acetic  acids.     The  latter  set  -t^*^^ 
free  uric  acid  from  neutral  sodium  urate,  so  that  free  uric  acid  and  sodium  urai» ^*^'"*'' 
must  be  fonwed.     Butyric  znd  formic  acids  have  been  found  as  abnormal  decotnpc^*^^ 
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sition  products  of  other  urinary  constituents.  When  the  acid  rermentation  begins, 
the  urine  absorlis  oxygen  [Pasteur).  According  to  Brilcke,  it  is  ihe  lactic  acid, 
formed  from  the  minute  traces  of  sugar  present  in  urine,  \vhich  causes  ihe  acidity. 
According  to  Rohmann,  who  recognizes  the  acid  ferinentatitjn  as  an  exceptional 
phenomenon,  the  acids  are  formed  from  the  decomposition  of  sugar,  and  from 
alcohol  which  may  be  present  accidentally.  While  the  urine  is  still  acid,  it  becomes 
turbid  and  contains  nitrous  acid,  whose  source  is  entirely  unknown.  According  to 
V.  Voit  and  Hofmann.  phosphoric  acid  and  a  basic  salt  are  formed  from  acid  sodium 
phosphate,  whereby  |jart  of  the  uric  acid  is  displaced  from  sodium  urate,  thus  causing 
the  formation  of  an  acid  urate. 

Alkaline  Fermentation. — When  urine  is  ex|>osed  for  a  still  longer  time,  more 
especially  in  a  w»nn  place,  it  becomes  neutral  and  ultinutely  ammonincal,  t.e,, 
it  undergoes  the  alkaline  fermentation  (Fig.  261 ). 

'J"his  condition  is  accomiianied  by  the  formation  of  the  micrococcus  urese 
(Fig.  262)  {PasUur,  Cohn)  and  Bacteriimi  ure:e  (Fig.  261),  which  causes  the  urea 
to  take  up  water  and  decomfiose  into  CO,  and  ammonia. 

Urea  [CC)(HN,|,  -f-  2(Hi())  =  ammonium  carbonate  [(NH/),CO,]. 

The  property  of  decomptBtng  urea  ticlonys  to  many  different  kinds  of  bacteria,  including  even  the 
sarctna  uf  the  lungs — whose  fferTDs  seem  to  l>c  univerMlly  (liffuHcd  in  the  air.  These  organiBini  pro- 
dace  a  soluble  ferment  {Musmim),  which,  however,  only  passes  from  the  body  of  the  cells  into 
the  fluid  after  the  cell  or  organism  has  been  killed  by  alcohol  {Lea). 

'ITic  presence  of  ammonia  causes  the  urine  to  liecome  turbid,  and  those  substances 
which  are  insoluble  in  an  alkaline  urine  are  precijiiiaicd — earthy  phosphates, 
consisting  of  the  amorphous  calcic  phosphate,  acid  ammonium  urate  (Fig. 
261,  a),  in  the  form  of  small,  dark  granules  covered  with  spines;  and,  lastly,  the 
targe,  clear,  knife-rest  or  "  cutTin  lid  "  formof  ammonio-magnesic  phosphate, 
or  triple  phosphate  (Fig.  282).  [The  last  sul^stance  docs  not  exist  as  such  in 
normal  urine,  but  it  is  formed  when  ammonia  is  set  free  by  the  decomposition  of 
urea,  the  ammonia  uniting  with  the  magnesium  phosphate.  p,^^  ^^^ 

Its  presence,  therefore,  always  inditates  amnioriiaial  fer- 
mentation of  the  urine.]    In  rasesof  catarrh  or  Inflam- 
mation  of  the  bladder,  this  decomposition  may  take  #  ^ 
place  within  the  bladder,  when  the  urine  always  contaitis  \Jjfv 
pus  cells  (Fig.   267  J  and    detached    epithelium.     When    plvoO" /^Tiw -Mt'SJ 
much  pns  is  present,  the  urine  conlains  albumin.     Am-  ^       ^'' 

moniacal  urine  forms  white  fumes  of  ammonium  chloride,  Mi«o€»eeu«  ure«. 

when  a  glass  rod  dipped  in  hydrochloric  acid  is  brought  near  it.  [When  ammonia 
is  added   to  normal  urine,    triple   phosphate   is   precipitated   in  a  feathery  form 

(Fig-  283)-] 

[SiKniftcance  of  Triple  Phosphate.— If  urine  Ik  alkaline  when  it  is  passed,  and  the  alkalinity 
be  due  to  h  volaii/e  aliali,  iv.,  to  NIf,,  then  decnm^wution  of  the  urine  has  taken  place,  and  this 
kind  of  unne  is  a  ^ure  st(,'n  that  there  is  disease  of  the  gcnito-urinary  mucous  meinbraiie-] 

364.  ALBUMIN  IN  URINE  OR  ALBUMINURIA.— Serum  albu- 
min is  the  most  imiK>rtant  abnormal  constituent  in  urine  which  engages  the 
attention  of  the  ph\"siciaii.  It  occurs  in  blood  (§  32),  and  its  characters  are 
dcscril>ed  in  §  249. 

Causes  of  Albuminuria. — i.  .Serum  allmmin  may  appear  in  urine  without  any  apparent  ana- 
tomical or  structural  change  of  the  renal  tissues.  Thiscoodilion  has  been  called  by  v.  Itamliergcr 
"  HtrmtUffgrnoui  albuminuria^  It  occurs  but  rmrely,  however,  sod  sometimes  in  healthy  individ- 
uals when  there  is  an  excess  of  albumin  in  the  blood  plasma  (a^'.,  after  suppression  of  the  secretion 
of  milk),  and  after  loo  free  use  of  albuminous  food.  2.  .As  a  result  of  iturtaud  htoo</ firtsmrt  in 
the  renal  TcaaeU,  a^'-.  sfler  copioa^  drinkinf*.  It  nuy  l>e  temporary,  or  it  may  be  persiiient,  as  in 
cases  of  coneeslioD  fbltowinij  heart  Jistast,  empbywina.  climruc  pleuritic  cffuMontt,  infiltrnlirms  of  the 
lungs  and  after  compreAiUon  of  the  chest,  causing  congestion  in  the  pulmonary  arcuil,  which  extends 
even  into  the  lenal  veins,  etc.  3.  Afltr  section  or  parmlysis  of  the-  jmiomotnr  mfrtvi  of  the  kidneys. 
wlndi  caoses  great  cnngeslion  of  these  organs.  The  albuminuria,  which  accompanies  intense  nml 
loi^-continued  abdominal  pain,  is  brought  about  owing  to  a  rcdcx  paralysis  of  the  renal  tcsmU. 


^ 


458 


TESTS   FOR   ALBUMIN    IN   URINE. 


4.  After  violent  muMnilar  exercbe.  [Senator  fonnd  tbat  forced  marches  in  youn^  recruits  were  very 
frequently  followed  by  the  appearance  of  a]bun\in  in  the  urine,  which  persisted  for  Kvcrol  days.]  drm- 
7'u!sivf  disorders,  e^,,  epilepsy,  the  spasm-s  of  dysimira  after  strychnin  poifioning,  in  shock  of  ibc 
liniin,  npoplexy,  spinal  paralygs,  and  violent  emotioas;  the  excessive  use  of  tnorjihia,  which,  pcrhapet, 
acts  on  the  vasnmotor  centr».  5.  It  may  accompany  raaiiy  acute  felirile  diseases,  c.;'..  the  exontbc- 
mntn  (scarlet  fcvcri,  typhus,  pneumonia,  and  p}'4cmia.  In  these  cases,  it  may  L»c  due  to  the  iucmue 
of  l(-jnpemlurr  paralyzing  the-  ve&st^X^,  Init  more  probably  the  Kccrclory  apparatvu  of  the  kidne)'  is  so 
changed  1,^^.,  cloudy  swelling;  of  the  renal  epithelium)  that  the  flUmmln  can  pass  through  the  renal 
membrane.  6.  Certain  de};eneniUun&  and  inHammotions  of  the  kidneys  at  .tcveral  nf  their  stago. 
7.  Inl^ammatinn  nr  ;«uppur8tion  in  the  ureter  or  urinary' passages.  8.  Certain  chemical  substances  J 
which  irritate  the  renal  parciichynio.  e.f^.,  cootharides,  carbolic  ncid.  9.  Ilic  complete  withdrawal  of] 
common  «iaU  fmm  the  fiKid.  The  albumin  di*a]j]xws  whni  the  common  snll  t>  given  again.  10.  The 
epithelium  may  he  in  such  a  condition  that  it  fanni>i  rflain  the  albumin  wilktn  the  veisehy  due  lo 
ini[KTfect  nounshnieni  and  functional  weakness  of  the  excretory  clemenu.  This  includes  the  albu- 
minuria of  ischx-min,  and  that  af^er  hemorrhage,  in  nna:mia,  scorbutus,  icteriu,  dial>etcs.  [Grainger 
Sicrwart  in\A».  that  albuniinorift  i&  more  common  among  presuniahly  healthy  people  thao  was  fonserljr 
supposed.] 

[Besides  being  derived  from  the  secreting  parenchyma  of  the  kidney,  albtimin  may  be  present 
owing  to  admixture  with  the  .sccretinn.s  from  any  part  uf  the  urinary  tract,  including  the  vagina  and 
nterus  in  the  female.  In  some  cases  the  transudniion  of  albumin  is  favored  by  changes  in  the 
capillary  walls,  the  albumin  being  forced  through  by  the  intra- vascular  pics^urc.  Sometimes  albu- 
minuria occurs  during  the  course  of  severe  typhoid  fever,  and  in  acute  fevers  generally,  where  the 
temperature  _is  persistently  above  40"  C.  (104"  V.).  The  high  temperature  alters  the  filtering 
membrane  and  permits  the  filtration  of  albumin.] 

[  Physiological  Albuminuria. — This  term  has  been  applied  10  that  condition  of  the  urine,  where 
traces  of  albumin  are  found  in  individuals  apparently  in  [Hrrfect  health.  Johnson  and  l*avy  cite 
such  cases,  while  Fosuer  asserts  that  all  urine — even  healttiy  unne — contains  traces  of  protcids,  whose 
presence  is  ascertained  after  concentrating  the  urine.  It  is  safe  to  assume  that  normal  urine  should 
give  no  reaction  with  the  usual  teats  for  albtimin.  T'osner  precipitated  the  urine  with  alcohol,  washed 
the  precipitate,  di&solved  it  in  acetic  acid,  and  tested  it  with  the  fcrrocyanide  test  for  albumin.  He 
finds  that  minute  traces  of  protcid  arc  detected  by  the  folloi^ing  modification  of  the  biuret  lest : 
Make  the  urine  alkaline,  and  by  the  *'  contact  method  "  bring  a  layer  of  very  dilute  cupric  sulphate 
over  it  \  when  the  two  fluids  touch,  a  reddish -violet  ring  is  obtained.] 

TIk-  tests  for  albumin  in  urine  (dei)end  upon  the  facts  that  it  is  coagulated 
by  heat  in  neutral  or  acid  solutions,  and  it  is  precipitated  by  various  i^agcnis. 

[(1)  Keller's  Teat, — Place  10  c.c.  of  ihe  urine  in  a  test-glass,  and  pour  in  pure  colorless  UNO, 
so  as  to  run  down  the  side  of  the  glass,  forming  a  layer  lieneath  the  urine.  A  while  zone  of  coagu- 
lated albumin  indicates  Ihe  presence  of  albumin.  In  this  test  it  is  important  to  wait  a  certain  time 
for  Ihe  development  of  Ihe  reaction.  In  urines  of  high  specific  gravity,  a  haziness  due  to  a ciU  urates 
may  lie  formetl  above  where  the  two  fluids  meet,  but  its  upper  edge  is  not  circumscribed.  The  acid 
decomposes  the  neutral  urates  and  forms  a  more  insoluble  acid  salL  Tliis  cloud  of  acid  urates  is 
readily  dissolved  by  heat,  while  the  albumin  is  not;  the  latter  is  always  a  sharply-ilc6ne<l  rone 
between  the  two  fluids.  In  very  concentrated  urine  (rare),  nitric  acid  may  gradually  precipiisie^=^ 
cryilalUne  urea  niuatc.  In  patients  taking  copftiba,  nitric  acid,  by  acting  on  the  resin,  causes  a^^ 
slight  milkiness.] 

[(2)  Boiling  and  Nitric  Acid.— Tlace  10  c.c.  of  urine  in  a  test-tube  and  boil.  If  albumin  t>^cz 
present  in  small  quantity,  a  faint  hazines:>,  which  may  be  delected  in  a  proper  light,  will  be  produce c^ 
Add  10  to  12  drops  of  HNO..  If  the  lurl>idily  disappears  it  is  due  to  phosphates,  while  if  Skv.^ 
remain  it  is  due  to  albumin.  If  albumin  be  present  in  large  quantity,  &  copious  whitish  coogalutn  ^ 
obtained.  Precautiona. — {a)  In  all  coses,  if  the  urine  be  turbid,  filter  it  before  applying  any  \^  "^ 
(/)  Ilmv  to  boil. — Boil  the  upper  strata  of  the  liquid,  and  take  care,  if  any  coagulum  Iw  fornix  •  * 
thai  it  does  not  adhere  to  the  side  of  the  lube,  else  the  tube  is  liable  to  break.  \e)  In  perfom^K. 
this  test  with  a  ««///<?/ solution,  note  when  the  precipitate  falls,  for  albumin  is  precipitated  about 
C„  phosphates  not  till  about  the  boiling  point.  ((/)  Amount  of  AHti — If  Ion  little  (2  or  3  drcrr 
UNO,  be  added,  or  too  much  ( 30  or  40  dr<->ps'),  we  may  fail  to  detect  albumin,  although  it  is  prci 

(3)  Fcrrocyanide  Test. — By  the  addition  of  acetic  acid  and  potatiium  ferroryanide.  [If 
min  be  present,  a  white  flocculent  precipitate  separates  in  the  cold.  Dr.  Fa\7  has  introd 
pellets,  consisting  of  a  mixture  of  citric  acid  and  sodic  ferrocyaivide.  All  that  is  required  is  to 
a  pellet  to  the  susi>ectcd  urine.  Oliver's  papers. — Dr.  Oliver  uses  papers,  one  saturated  with 
acid  and  another  with  fcrrocyanide  of  potassium.  The  two  papers  are  added  to  the  clear  fil' 
urine.  Other  preci|>itants  of  albumin,  such  as  small  pieces  of  paper  impregnated  with  poti 
mercuric  iodide,  arc  used  by  Oliver.] 

{4)  Boiling  Acid  Urine. — If  tnc  urine  be  alkaline,  although  albumin  may  lie  present,  it 
precipitated  by  heal  alone.     \Vc  require  to  add  acetic  acid  until  a  slightly  acid  reaction  is  otxs 
Boiling  may  give  a  precipitate  of  earthy  phosphates  in  an  alkaline  urine,  owing  perhaps  to  th. 
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being  driven  off.  This  precipitate  might  he  mistaken  for  ftlbomlo,  but  on  adding  acetic  or  nitric 
acIO,  tlic  earthy  prtcipitaie  Is  dissolved,  while  the  precipitate  of  albumin  is  not  dissoTvetL  In  testing 
fur  albumin,  always  use  dear  urine.     If  it  is  turbid,  tilter  it. 

[(5)  Metaphosphoric  acid  Ls  dissolved  in  water  just  before  it  it  to  be  used  and  added  to  clear 
urine  (  Hin,itnlan^\.  Grahnm  poinled  oat  that  metaphosphoric  acid  precipilAted  albumin.  A  30per 
cent,  solution  of  the  ordinary  glacial  phosphoric  acid  is  a  good  test  for  albumin,  but  it  also  precipi- 
tates peptones.  It,  however,  changes  into  ordinary  phosphoric  acid  by  keeping,  and  then  it  no 
lonser  precipitates  albumin.] 

[(6)  Sodic  Sulphate  and  Acetic  Acid.— Acidulate  lo  c.c.  of  urine  with  acetic  acid,  and  add 
<L^  of  ttK  volume  of  n  concentrate)  .wluliou  of  sulphate  of  soda  or  magnc:iia.  Oti  beating,  if  albumin 
DC  present,  a  distinct  cloudiness  is  o)>tnined.] 

[(7)  In  picric  acid,  acconling  to  Dr.  Johnson,  we  have  a  more  delicate  test  for  minute  traces  of 
allnimin  than  cither  heat  or  nitric  acid,  or  than  both  these  tests  cotnliined.  It  '\s  tu«^  cither  in  the 
iunn  of  cr>'staU  or  powder,  or  w  n  saturated  aqucoas  solnti'on.  Take  a  four-inch  coUitnn  of  urine  in 
a  test-tube,  hold  the  tube  iu  a  slanting  direction,  and  pour  an  inch  of  tlie  |Hcric  ncdl  solution  on  the 
surfoce  of  the  orioe,  where  in  consequence  of  its  low  speciSc  gravity  ( 1005)  it  mixes  only  with  the 
upper  layer  of  the  urine.  It  coagulates  any  albumin  prcsenL  The  pred[)itale  occurs  at  once,  and  is 
increased  by  bent,  while  the  urate  of  sorla.  which  is  Mimetimcs  precipitated,  is  soluble  on  heating.] 

(^Dr.  Roberts  regards  any  test  for  albumin  which  re<juires  strong  acidulation  with  an  or^^anit  acid, 
citnc,  acetic,  or  lactic,  as  tinsati<<factot^-,  since  it  {>r(^i|)ilalcs  mucin.  For  K\\\s  reason  be  rejects  the 
lungstate,  mercuric  iodide,  and  potassic  ferrocyanide  tests.  I>r.  Roberts  regards  the  heat  lest,  with 
the  addition  of  a  small  dctinitc  'luiutlity  of  occUc  acid,  as  the  best  test  for  the  detection  of  small 
quanlilin  of  allmniin  1  • 

I.  Quantitative  Estimation  of  Albumin. — 100  c.c.  of  urine  arc  boiled  In  a  capsule,  Mmic  acetic 
acid  being  ullimairly  added,  wlicrt-by  the  nlbumin  is  prccipitateij  in  llokei.  The  prcciiNtatc  is  collected 
en  a  weighnl,  dried  f  I  lO°),  ash- free  litler,  and  repeatedly  washed  with  hot  water,  then 
with  atcobut,  and  drinl  in  an  air  bath  at  110".  The  weight  of  the  tilter  U  deducted, 
and  finally  the  dried  tilter  with  the  albumin  \s  humect  in  a  weighed  platinum  capsule, 
and  the  weight  of  the  ash  also  deducted.  [This  method  b  not  avaiuble  for  the  busy 
practitioner  on  account  of  the  lime  tt  takes.  Practically,  it  is  sufficient  to  compare  (rofn 
day  to  day  the  proportion  that  the  precipitated  albumin  bcar%  to  the  bulk  of  the  urine 
teted.  A  graduated  IuIk  may  be  u^ed,  mi  that  after  the  prepipii.ite  has  subsided, 
the  physician  may  sec  what  proportion  of  the  M-hole  the  precipitate  occupies.] 

Esbach's  Albumimeter  ( i'ig.  263). — A  glav,  cylinder  U  fdUtl  w iib  the  urine  up 
to  the  mark  U.  mwl  iu  K  with  the  iirecipitant  (30  citric  acid,  10  picric  acid,  970  water). 
The  vessel  is  corked  and  then  shaken.  After  twenty  fimr  hours  the  coagulated  altm- 
mJn  subsides,  when  the  gmduatioii  on  the  tube  indicate*  the  number  of  grm^.  of 
albumin  \fVt  1000  c.c.  of  urine.     Very  albuminous  urine  must  be  previously  diluted. 

I.  Globulin  occurs  only  in  a1lmniiiK)U'<  urine,  and  is  fre(|ucntly  prcHrnt.  Its 
presence  i«  aKerloined  by  adding  powdered  magnesium  sulphate  in  excess  to  the 
nrtne;  when  it  is  prcMmt  it  is  precipialed  (}  32).  'llie  more  globulin  ihtre  is  in  the 
presence  of  albumin,  the  more  difncuk  it  U  to  precipitate  it.  [Sometimes,  when  an 
alUinunoas  urine  is  dropped  into  a  Urge  c>-lindcr  of  water,  each  drop  as  it  Mnk»  is 
followed  by  a  milky  train,  and  when  a  sufficient  numl>er  of  drops  has  been  added,  the 
water  becomes  opalescent,  the  opoIesccDce  disappearing  on  adding  an  acid.  'Ilie 
globulin  is  kept  in  solution  by  common  »B]t  and  other  neutral  salt^.but  when  these  arc 
largely  diluted,  the  gkibuHn  is  precipitated  {Rel*tni\.'\ 

3.  Peptone  occupy  in  some  specimens  of  athuminnus  urine,  but  also  in  iion- 
albumtnou^  urine.  Maixner  found  it  constantly  in  the  urine  in  all  coses  whoe  suppu- 
ration is  present,  and  even  in  plittit»is,  conMltuting  pyogenic  peptonuria.  I'qitonc 
occurs  in  pus,  and  the  peptonuria  in  the»e  ca.seA  i*.  a  >ign  of  the  l)rrnking  up  of  the 
pu«  celU  {/hfmeisttr).  Also  when  many  leucocytes  ore  broken  up  in  the  blood 
(hematogenic).  It  occurs  in  cases  where  there  i»  great  disintegration  of  altruminous 
tiMues,  f.g..  in  cancer.  It  is  frequently  found  after  childbirth.  Ammonium  sulphate 
pnctptaala  all  pro(ei<ls  cicept  [>eplaues  (p.  294^ 

Test. — Separate  the  albumin  by  boiling  and  the  addition  of  acetic  acid.  Treat  the 
fihraic  with  three  volumes  of  alcohol ;  this  precipitates  the  peptone,  which,  whcu 
dissolved  in  water,  gives  the  characteristic  rcactiofi<>  for  peptone  {\  i66,  I). 

i.  Propeptone.  or  Hemlalbumose,  occurs  very  rarely  /.  ^.,  in  osteomalacia  and 
intestinal  tubercukMis  {Bnttt  Jones\.  The  luine  is  treated  to  saturation  with  NaCl 
arwl  a  large  quantity  of  acetic  acid  addcil.  and  filterrd  while  hot,  to  separate  the  albumin  and 
globulin.  In  ibr  cold  rdirnie  |iropqitone  forms  a  lurbtdiiy,  which  is  redissolvcit  by  heat.  The 
|irecipii;tie  thrown  down  by  HCl  ami  HNO^  is  <otuble  t^  heat  {Auhm^).  The  precipiuie  ii 
tH>late<l  by  filtration,  ami  di-»s4i)ved  in  a  little  warm  water,  when  it  give*  with  HNO,  a  ydlow  re- 
action ;   Ulcc  p«r|)tr>ne  the  solution  gives  the  biuret  reaction  (p.  293). 

5.  EC'S  albumin  appeora  in  Uie  urine  when  much  egg  albumin  ts  taken  in  the  food,  and  also 
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when  ir  is  injected  into  the  hlood  vcucU  (|  192,  4).  According  to  Semtnola,  the  Klbutnin  present 
ID  the  urine  in  Brigtu's  disease  hu  undergone  a  moleculnr  change  (similar  to  egg  albumin),  And 
hence  il  Is  excreted, 

6.  Mucus  is  present  in  InrgpamoMnt,  ei;|>eciBlly  in  catarrh  of  the  bladder.  It  contains  numeron* 
mucus  cor[)u»cles,  whith  urescurct-ly  disUngui-ihablc  from  pus  corpuscles.  They  contain  albumin,  so 
that  urine  containing  much  miicn>^  i.<>  alUiminous  :  mucin  i.s  not  precipitated  by  hent,  liul  acetic  acid 
givei  a  flocculent  precipitate  in  clear  urine.  [Minute  traces  of  mucin  occur  normaUy  in  urine.  If 
clear,  norm.-il  urine  be  set  aside  for  a  sborl  lime,  a  f1(M;culcnt  ha/inc.<is,  like  a  cloud  of  cotton  wool,  a. 
seen  flculing  in  the  urine.  This  h  mucuii  eniaiigling  a  few  fpithelial  cells  from  the  pernio  urinary 
tracL  Mucin  Reaction. — According  to  \V.  Kobtrts,  the  addition  of  a  coticmtralcd  Mlution  of 
citric  acid  to  urinr.  as  iti  IIella''s  test  ({  2tV4,  a),  where  tlic  two  fluids  meet,  caus»an  opalescent  zone 
gradually  to  be  formed  alxive  the  layer  of  acid.  J 

265.  BLOOD  IN  URINE(HJEMATURIA)— HEMOGLOBINURIA— I.  Source  of 
the  Blood. —  ( I )  In  hsematurja.  ihe  binoti  may  come  froin  any  part  nf  the  iirinnrj'  app3ratu:<i,  I. 
Ill  bcuiurrbage  frumihc  kidney,  the  .iinuuni  of  bl'X^d  is  usually  smnll  oiid  well  mixed  with  the  urine. 
The  presence  of  "  blood  cylimlcrs,"  lung  microscopic  bkxjd  conguin,  cas.ts  of  the  iinnifcT0U5  tubules, 
washed  out  of  ihcm  by  the  urine,  is  cbaraclcristic  when  they  are  found  in  the  urine  (Fig.  275).  The 
urine  usually  haa  a  smoky  a|>pearance.  [The  uriue  slowly  disetolves  out  tlie  coloring  matter,  the 
stroma  of  the  corpuscles  after  a  lime  licing  deposited  as  a  brownish  sediment.    The  smoky  hue  occurs 
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only  in  acid  urine ;  if  the  urine  becomes  alkaline,  the  hue  becomes  brighter  red.]  The  blood  corpnscles 
sliow  peculiar  changes  of  form  [they  become  crenated]  (Kig.  264).  and  exhibit  evidence  of  divi- 
!^on,  due  to  the  action  of  urea  on  them  (|  5).  L^rge  congula  are  never  found  in  urine  mixed  with 
blood  derived  from  the  Icidncy.     a.  In  hemorrhage  from  (he  ureter,  we  occnsionolly  find  worm-like 

masses  of  clotted  blood,  coats  of  the  canal  of  the  ureter.  3.  The 
relatively  largest  coagula  occur  in  hemorrhage  from  the  bladder. 
In  all  ca.scs  where  blood  is  present,  wc  must  examine  microscopically 
fur  the  blood  corpuscles,  and  it  may  \>c  for  coagula  of  fibrin.  In 
acid  urine.  I^lood  corpuscles,  but  never  arranged  in  rouleaux,  may  l»e 
found  alter  two  tn  three  days.  The  blood  corpuscles  i»elile  as  a  red 
sediment  at  the  tiottom.  If  the  hem^irrhage  is  copious  many  retain 
Ihcir  oiiginul  shape,  but  if  the  urine  is  very  conccnttaictl.  they  may 
become  crenated. 
^^"i^*^  ~9^       \Mieo  there  is  a  small  and  slow  hemorrhage  from  ruptured  small 
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^^    capillaries,  the  red  blood  corpuscles  are  of  unet^ual  siic,  many  1^  to 
V      • ;  the  M?e  of  normal,  while  the  pigment  has  become  iTOwnish-vcllow 
<4    (Fig.  265). 
jjJV  If  a  hi-morrliage  i>f  this  kind  Iw  accompanied  by  catarrhal  in- 

*  flammation  of  the  bladder,  there  is  found  between  the  ted, 

numerous  shriveled  lcucrx:vtes  {Fig.  265),  which  in    freshlv  passed 
^'S:.!;S»'::nhc"hmlTwi.hr    "rme  often  exhibit  lively  amarlK.^d  movements.     If  the  "urine  be 
iBcrout    lyrapb   corptucln,  and    alkaline,  as  it  usually  is,  crybtahi  of  triple  phosiihatc  also  occur. 
ctyttal«oftnplepho>pluw,  y  350.         If  the  remainii  of  the  red  blood  corpuscles  become   very  pale, 
their  presence  may  be  frequently  ascertained  by  adding  iodine  in  a 
solution  of  KI  I  Fig.  265).     Blood  is  constantly  present  in  the  urine  during  menstruation. 

II.  Hsemoglobinuria  is  {(uite  distinct   from  hjematuria.     It  depends  upon  the   eKcrction  of 
haemoglobin  as  such   through  the  kidneys,  and  it  is  produced  when  bivmoglobin  occurs  free 
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ritbm  the  blood  vesseU.  as  in  cases  where  the  colored  blood  corpasdes  have  been  dismlved  inside 
blood  vcftsels  (hnrinocytoly&u).  It  occtirs  when  foreign  hlood  is  trarutfiucd.  r ,^.,  when  lamb's 
!  is  traiufuMd  into  man.  The  forrign  biood  coqviLscles  arc  riiswlvcd  in  the  hlood  of  the  rtrcipi- 
t,  «nd  the  hxrooglobin  appears  in  the  urine  [^  I02'i.  In  mldiiion,  niicroscupic  *' cylinders,"  or 
'  casts,**  consisting  of  a  globulin-like  body  tinged  yellow  witlt  hemoglobin,  may  !i^e^vi6C  lie  found 
,  the  urine.  It  also  occurs  iu  cases  of  severe  bunis  (3  lo,  3) :  after  decomposition  of  the  hlootl  in 
a'UL.  scoHiutDii,  purpura,  severe  typhus,  after  respiring  arseniuretted  hydrogen,  and  after  the 
of  aiobenzol,  naphthol,  pyrogallic  acid,  [>oins.sic  chlorate,  chloral,  phosphorus,  or  carbolic 
into  the  circulation.  [The  injection  of  laky  blood,  water,  ether,  glycerin  {^Uautt),  or  toluy- 
nJtamin  [^/anaisirM),  also  causes  ii,  and  in  such  cases  Afanassiew  asserts  that  the  Hb  passes  out 
hrou^h  the  glomeruli,  while  brown  degeneration  products  of  the  red  blood  corpuscles,  which  are 
isAolval  by  thcK  agents,  were  found  in  the  convoluted  tubules.']  The^^e  substances  dissolve  the  red 
corpuscles.  Sometimts  it  occnrs  periodically  from  causes  and  conditions  as  yet  but  little 
nder^tofMJ,  ^.  <'.,  the  applicatinii  of  culd  to  the;  >Vin, 

Tests  for  Blood  in  Urine.— 1.   ITie  color  of  bloody  urine  shovs  ever)'  tint,  from  a  faint  red 
I  a  dark  blackish-brown,  according  to  the  amount  of  blnod  pre.sent.     The  urine  is  often  turbid. 
2.  Urine  coniainii^  blood  or  btood  pigment  contains  albuniin. 

Fic.  268. 
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3.   Heller's  Blood  Test. — Add  to  urine  half  its  vnluracof  solution  of  cnu.<itic  [wtash,  and  hent 
Ijcotly.     Tlie  eanhy  phosphates  are  precipilatird,  and  ihey  carry  the   h-tmniin  with  them^  falling  as 
et  red  flnccuU.     [This  is  not  a  rclialilc  test.] 
Haemin  Test. — Tlie  colored  earthy  phosphates  may  be  collected  on  a  Biter,  and  from  them 
I  nwy  be  prepared  as  directe<l  in  j  19- 

5.  A1ri6q*i  Test. — Add  to  urine,  freshly  prepared  tincture  of  guaiacum  and  osonixed  ether :  a 
iblae  color  indicates  the  presence  of  blood  ($  37). 

6.  Spectroscope  (sec  \  14).  Fig.  268  shows  the  arraiigemcnt  of  the  apparatus.  The  mine  is 
Iplaced  in  a  plass  ves-sel,  IJ,  with  parallel  sides,  1  centimetre  apart  [hasmatinometer).  Light 
rfrodi  a  lamp,  K.  passes  through   the  fluid.     The  lamp,  K,  illumiiiales  the  scale  which  is  seen  by  the 

'  ot»«erver  thrnugh  ihc  lelcscoiM*.  A.  (di  Freah  urine  containing  blood  gives  the  spectrum  of 
1  oxyhjemoglobin  (Pig.  17).  [f>)  When  bloody  urine  isexpu-ed  fur  same  time,  especially  in  a  wann 
I  place,  it  Ixxumc^  more  jrij/,  and  assumes  a  dark,  Imm-nish  black  color.  The  h."eraoglobin  becomes 
tchikngcd  into  met  haemoglobin  {\  15).  It  is  precipitated  by  lead  acetate,  which  does  not  prccipi> 
i  tatc  oayltiunoglobin  ;  the  spectrum  of  metharmc^lobin  rcscinble.'i  that  of  bxmalin  in  an  acid  solution 
ii  >5*  I*^*  I?)'  Itie  spectra  may  be  combined,  (c)  The  microscopic  investigation  mtist  oever 
t  omitted.     The  shape  of  the  corpuscles  may  vary  considerably  (Ki^s.  264  to  266J. 
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266.  BILE  IN  URmE(CHOLURIA).— The  physwlojipcal  conditions  which  CAUftf  the  bile 
constiluciils  to  appear  in  the  unne  arc  mentioned  in  part  at  j|  iSo. 

Hatmatogenic,  or  Anhq>atogotjic  Icterus  {Quin^kf),  occurs  when  Inliraliin  (|  20)  is  formed  from 
extmvasaierd  [>lao<i  )>>'  ihc  aciion  of  tbir  coiuiective-t issue  corjnisclcs,  so  tliat  bile  pi|^eats,  in  additioa 
to  colorinH  the  tissuia,  pass  into  the  urine. 

I.  Bile  Pigments. — Their  presence  is  ascertained  by  Qmelin-Hcintz's  test.  Green  (Uiliver- 
din)  is  the  cboractcristic  hue  in  the  pl&^  of  colors  obtained  with  this  test,  which  is  fully  dcflcrilicd  in 

it  177. 

ModiBcBtions  of  the  Test. — 1.  If  icteric  urine  be  filtered  tlu-ou^h  fiUeruigor  blotting  paper,  a 
droji  of  nitric  acid  cnnlniiiing  nitroiLs  acid,  wlicn  applied  to  the  inner  surface  of  the  spread-out  filter, 
gives  a  yellowish-colored  rinf^  {f^oienhaiM).  2.  In  order  that  the  reoction  may  not  take  place  too 
rajudly,  nddtt  concentrated  scduliori  of  sodic  nitrate,  and  tlien  *lowly  pour  in  sul]>buric  acid  (//^rj<-<k/). 
3.  On  shaking  50  c.c.  of  icteric  urine  wnb  10  c.c.  of  chloroform,  the  bilirubin  is  dissolved  by  the 
latter.  On  adding  bromide  water,  a  beautiful  noK  of  colors  is  oblaioed  {Afaiy).  If  the  chloroform 
extract  lie  treated  with  ozonized  turpentine  and  dilute  caustic  potash,  a  green  color, due  to  biliverdin, 
occurs  in  the  watery  fluid  [  Gerhardt). 

In  sli];ht  degrees  of  jaundice,  urobilin  alone  may  he  found  (<i{  261,  i)  [^Quineke), 

In  t>en>i5tent  high  fever,  the  urine  contains  especially  biliprasin  {/lufpert).  If  it  contains  cbole- 
telin  nlnne,  add  to  the  urine  M>nie  hydrochloric  acid,  and  examine  it  wilh  the  spectroscope,  which 
gives  a  pale  absoriJtion  band  Ixnwecn  ^and  K  ($  177,  3,/). 

Hsematoidin. — Sometimes  cr^Mat-s  of  /{.ematoiiitH  (<;  20,  Fig.  I4)  appear  in  the  urine,  e^ipcciallj 
when  blood  corpuscles  are  dissolved  within  the  blood  stream;  occasionally  in  scarlet  fever  and 
t>-phu$,  and  sunictimes  in  cases  of  periotlic  hxmuglabiuuTia.  'Hie  breaking  up  of  utd  blood  cints  in 
the  urinary  passages,  as  in  pyonephrosis  {Ebstein),  ur  the  div^Iution  of  nccroltc  area%  [I/o/mann 
ami  VUzmann)  produces  them,  and  similar  crystals  occur  in  analogous  cases  in  the  sputum  \\  13S). 
In  jnundlcc  due  tucortgU!>lioii  \\  iHo),  the  ideiilicitl  crystalline  suhsUnce,  bilirubin,  is  found. 

II.  Bile  acids  occur  in  largest  amount  in  absorption  jaimdice,  but  they  are  never  present  to  any 
extent.  The  test  is  described  at  J  177,  2,  the  cane-sugar  solution  conwiting  of  o.^  gnu.  to  I  litre  of 
water.  If  the  urine  be  dilute,  it  is  advisable  to  concentrate  it  on  a  water  mlh.  [It  is  rare  to  get  a 
satisfactory  result  wilb  i'ettcnkofer's  test  in  ordinary  iclcric  urine.]  v.  IVttcnkofcr's  lest  luay  be 
nsed  with  the  alcoholic  extract  of  the  nearly  dr)- residue,  but  no  albumin  must  Iw  present.  Dragen- 
dorff  found  o.S  grm.  in  loo  litres  of  nortnal  \s.t\\\^. 

Strassburg's  Modification. — Dip  filter  \a.\y^j  into  the  urine,  to  which  a  little  canesnrarliaa 
been  added  ;  dry  the  paper  and  apply  to  it  a  drop  of  sulphuric  acid.  A  violet-red  color  is  abtaioed 
after  a  short  time.     [Hay's  Reaction  (5.  177).] 

267.  SUGAR  IN  URINE  (GLYCOSURIAt.— Diabetes  Mellilua.— The  excessively 
minute  trace  of  grape  sugar  or  dextrose,  which  is  constantly  [^e^ci^t  in  nominl  urine,  sometimes 
becomes  fireatly  increosctl  and  constitutes  the  conditions  of  diabetes  mellitus  and  glycosuria. 
The  phj-siologieal  conditions  which  determine  this  result  are  given  al  \  175.  In  this  condition,  the 
quantity  of  urine  is  greatly  increased,  It  may  reach  10  or  more  litres.  Mony  pints  may  be  passed 
daily.  [The  usual  abnonnul  amount  of  sugar  is  from  I  to  8  \xt  cent.,  allhnugh  15  percent,  has  tieen 
found,  I.  e.y  found  from  5  lo  50  grs.  per  Huid  02,,  or  300  to  4000  grs.  in  twcnly-fouj  hours.]  The 
specific  gravity  is  also  increased  (1030  to  IO40).  [In  a  case  where  a  large  amotmt  of  urine  U 
passed  of  a paU  color  and  a  specific  gravity  alwve  lojo,  always  suspect  sugar.]  A  dtalieiic  person 
gives  off  relatively  more  water  by  the  kidneys  and  Icsi  by  the  skin  [and  lungs  ? )  than  a  healtliy  penKio. 
The  color  is  very  piUe  yellow,  although  ihc  amount  of  pigment  ii  by  no  means  dinutushcd — it  is  only 
diluted  [the  depth  of  the  color  being  inversely  ns  the  qu.iniity  passed].  'J'hc  amount  of  the  nitro- 
genous urinary  excreta  is  increased.  The  sugar  is  incrcasR<l  by  a  diet  of  carbohydrates  and  dimin- 
ished by  an  albuminous  diet.  The  urk  acid  and  oxalate  of  Hrae  are  often  increased  ot  the  commence- 
ment of  the  disease,  while  yeast  cells  are  constantly  present  aAcr  the  urine  luu  been  exposed  lo  the 
air  for  some  time. 

Sugar  has  been  found  octasionatty  oflcr  poisoning  with  or  aflcr  the  use  of  morphia,  CO,  chloral, 
chloroform,  curara;  after  the  injection  of  ether  and  amyl  nitrite  into  the  blood :  and  in  goat,  imcmitt* 
tent  fever,  cholera.  ccrebro-5]>inrtl  meninciti!;.  hepatic  cinhosi*.  and  cardiac  and  pulmonary  affections. 

[There  is  110  doubt  that  normal  heaitliy  huuiai}  urine  cuntaiiu  a  reducing  agent,  which  reduc'* 
cupdc  oxide  to  the  some  extent  ns  if  ibc  urine  on  an  nverage  contained  6  grains  of  glucose  in  ever}' 
10  fluid  ounces  of  urit^e,  or  1.34  gmis.  per  litre.  As  this  suhslance  does  not  cause  alcoholic  fernim- 
tation  in  its  solutions,  its  identity  with  glucose  appears  to  be  doubtful.  The  most  active  reducing 
ageni  is  ]>robably  krcatinin  {G.  S.  JehmonY^ 

Testa. — Any  of  the  tcr'ts  described  at  \  149  may  be  used^  but  the  urine  must  be  free  from  olbumm. 
The  quantitaiive  estimation  by  fermentoiion  and  the  litroiion  methotis  are  described  in  \  149.  [The 
tesis  for  grape  Migar  descril>ed  in  \  I49  are  (I)  Troininer',t ;  12|  Fchling's;  (3)  Moore  &  Heller's; 
(4)  TtuttRcr's;  \i,\  Mulder  &  Xeiihaaer's ;  (6')  Fermentation  test.] 

Worm*MulJcr  recommends  the  following  modification  of  rehling's  test :  Use  a  2.5  per  cent, 
solution  of  cuptic  sulphate  solution,  and  another  of  lo  parts  of  sodto-potassic  tartrate  in  100  parts 
of  4  per  cent,  soludoa  of  soda,    fioil  5  can.  of  urine  m  a  test-tube,  while  in  a  second  test-tube  is 
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boiled  X  to  3  ccm.  of  the  comiei  solution  and  2.C  c.cm.  of  the  potjuato-tartnite  M>Iuiion.  The  boil- 
ing  of  both  fluids  is  siopiied  Mmuhaneonsly,  and  afler  20  lo  25  seconti»  the  contents  of  one  leid-tuhe 
arc  added  to  ihoM  of  the  other,  but  without  shaVing  the  mixlure,  tbc  reduction  taking  plncc  sjiod- 
taneouvly. 

8.  Nylander'B  modil'icaiion  of  IIcKlger's  test  is  also  good  ($  I49). 

[9.  Picric  Acid  and  Potash  Teat. — Braun  ihowed  that  grape  sugar,  when  twiled  with  picric 
aad  and  poinsh,  reduce*  the  yellow  picric  acid  to  the  deep  red  piciamic  acid,  the  depth  of  the  color 
depcQiliiig  on  the  amount  of  sugar  present.  Dr.  Johnson  uses  tnb  test  fur  detecting  ihe  presence  of 
sugar  in  urine,  and  also  for  estimating  the  amount  of  sugar  present,  the  depth  of  the  red  color 
obtained  in  boiling  being  compared  with  a  uandard  dilution  of  Ten-ic  acetate.  In  doing  the  test, 
use  1  drachm  of  urine,  t^  a  drachm  of  liquor  pota»;t,  and  10  minims  of  picric  acid  i>oluii<in; 
make  up  to  2  drachms  with  distilled  water,  and  boil  tbc  mixture  Tor  one  minute.  This  test  indicates 
the  presence  of  0.6  grain  of  sugar  per  f1ui<)  ounce  of  normal  unnc.  Dr.  |uhiison  claims  for  this  lest 
that  it  possesses  ail  the  advantages  of  the  other  tests,  while  it  is  not  affected  by  unc  acid  or  any 
other  normal  ingredient  of  urine;  neither  does  the  presence  of  albumin  interfere  M'ith  the  action  of 
the  tc»i  as  it  doc5  with  all  the  forms  of  copper  testing.] 

[10.  Indigo-carmine  Test. — A  blue  solution  of  this  substance,  when  boiled  with  diabetic  urine 
cootainmg  sodic  carbonate,  changes  from  a  blue  lo  a  violet,  purple,  red,  yellow,  and  Bnalty,  straw- 
yellow  color.  After  cooling  and  exposure  to  the  air,  the  various  colors  arc  obtained  in  the  reverse 
order  until  the  mixture  becomes  blue  again.  tJr  ( iliver  uses  this  test  in  the  form  of  lest  papers. 
One  bibulous  paper  is  impregriaied  with  the  indigo  carmine  and  the  other  with  iodic  cartkonale:. 
Drop  one  of  the  test  [ia{>ers  and  a  sodic-carboQaie  paper  into  a  test-tulte  cnniaioing  I  \i  iochcs  of 
water,  heat  gently,  when  a  blue  solution  is  obtained.  Add  the  urine  slowly,  one  drop  at  a  time,  and 
hoil  the  mixture,  observing  any  cliange  of  color  by  holding  the  lube  against  a  while  surface  below 
the  level  of  the  eye,  I'nc  acid  and  urates,  which  reduce  Tehling's  solution,  do  not  affect  the  car- 
mine test,  nor  does  kreatinin,  although  it  reacts  with  the  picric  acid  test.] 

[Quantitative  Estimation. — (d)  Fermentation  Teal  (j|  150).  Take  4  o*;.  (lao  c.c)  of  the 
urine  ;  add  a  lump  of  (German  yeast,  about  the  size  of  a  walnut,  lightly  cork  the  boltle,  and  place 
it  ojiide  for  twenty-four  hours  in  a  moderately  warm  place, /.  ^.,  on  the  mantcl[M'ece.  Take  the 
specific  grovity  before  and  after  the  fermentation.  Thus,  if  the  specific  gravity  be  1038  before  and 
10x3  afterward,  the  difference  or  "  density  lost "  is  25,  which  gives  35  grs.  of  sugar  per  6uid  ox. 
(Xoierfti.  U  it  be  dcMred  to  get  ihe  percentage,  multiply  the  density  loit  byo.sj,  thiu  25  X<>'>3 
^  5.69  in  100  parts.] 

[(^)  Volumetric  Analysis. — 10  c.c.  of  Fehling't  solution  ^  .05  of  sugar. 

I.  Asceitaln  the  <|uaniityof  urine  passed  in  twenly-fuur  hours.  2.  Filler  the  urine,  and  remove 
any  albumin  present  by  boiling  and  filiration.  3.  Dilute  10  c.c.  of  Kchling's  solutiun  with  about 
twenty  times  its  volume  of  distilled  water,  and  place  it  in  a  while  porcelain  capsule  on  a  wire  gauze 
support  under  a  burette.  (It  is  diluted  because  any  change  of  color  is  more  easily  observed.)  4. 
Take  5  c.c.  of  the  urine,  and  95  c.c.  of  di<(tilled  water,  and  place  the  diluted  urine  in  a  burette.  5, 
Gradually  boil  the  diluted  P'ehling's  solution,  and  while  il  is  Imiiing  gradually  add  the  diluted  urine 
from  the  burette,  until  all  the  cuprous  oxide  is  precipitated  as  a  reddish  powder,  and  the  supernatant 
fluid  has  a  straw-yellow  color,  not  a  trace  of  blue  remaining.  Read  off  ihc  numberof  c.c.  of  tft/uU 
urine  employed.  .Say  36  c.c.  were  used — that,  of  course,  represents  1,8  c.c  of  the  original  urine. 
Suppose  the  patient  passes  1550  c.c,  as  i.S  c.c.  of  urine  reduced  alt  the  cupric  oxide  in  tbc  lo  c.c. 
of  Fehling's  solution,  it  must  conuio  .05  gramme  sugar,  hence, 
1550  "x*  .05 
3.8  :  1550  :  :  .05  :  ^       =  237.5  granimes  of  sugar  pa»ed  hi  24  boars.] 

[Prepsration  of  Fehling's  Solution. — 34.64  grammes  of  pure  crystalline  cupric  sulphate  are 
powdered  and  dissolved  in  200  c.c.  of  distilled  water;  in  another  veiuicl  diuolve  173  grammes  of 
Kochelle  salts  in  480  c.c.  of  pure  cauaic  soda,  specific  gravity  1,14.  Mix  the  two  solutions,  and 
dilute  the  deep  colored  tluid  which  results  to  1  Hire.  M£. — Fehling's  ought  not  to  be  kept  too 
lung ;  it  is  apt  lo  decompose,  and  should  therefore  be  preserved  from  ihe  light,  or  protected  with 
opai]ue  paper  posted  on  the  bottle.  Some  other  substances  tn  urine,  r.g.,  urates  and  uric  acid, 
reduce  cupric  oxide.] 

(f  I  .^cco^ding  lo  Worm-MOIIer,  the  polarisation  method  is  almost  valueless  for  diabetic  urine. 

[Picro-Saccharimeter. — O.  Johnson  uses  a  stoppered  boule  12  iuches  long  and  t^  inch  wide, 
graduated  in  ^^  and  j^  (Fig.  269).  To  it  is  lixed  a  shoner  Ixxtle  containing  the  standard  iron 
solution  for  comparison,  a  standard  solution,  composed  of  liijuor  ferri  percliloride  zj,  liq.  ammon. 
acetaiia  Z  iv,  glacial  acetic  acid  ^  iv,  liq.  ammoninr  3  j,  and  water  lo  make  up  3  iv.  'All  B.  I*,  prepa- 
rations  give  a  color  ideniical  with  a  solution  coniaining  i  gi.  of  grape  sugar  per  01.,  reduced  by 
picric  add  and  afterward  diluietl  four  tJme.o,  so  that  this  tint  =  V  gr.  of  sugar  per  01.  Afier 
reilucing  the  kugar  with  the  picric  acid,  pour  into  the  tall  lube  ide  dark  saccharine  liquid  pro- 
duced by  boiling  to  occupy  ten  divisions  of  ibe  lube,  and  add  di<ilil]eil  water  cautioudy  until 
the  color  approaches  that  of  the  itnndard;  read  off  the  level  of  the  Huid.  The  amount  of  sugar 
present  is  determined  from  the  amount  of  water  added.  In  making  die  test,  the  picric  acid  muse 
be  sddcd  in  proportion  to  the  amount  of  sugar  present.] 
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U  iMge  quanlitiei  of  dentrosc  are  taken  in  the  food,  a  pari  of  it  (uid  more  In  diabetic  pcnou)  tffun 
in  ibe  urine.  LarvuloAe,  whirn  taken  intvmnlly,  does  DOl  increase  (he  amount  of  nigar  indiitaci 
The  free  use  of  starch  does  not  cause  j^lycosuna  iu  health,  but  in  diabetes  it  increases  theifflOMtol 


Fic.  369. 


Fig.  aTOw 


NJ 


IrmU  cr>-kUlltiMl  pnnly  fiom  alcohol  and  partly 
from  water  {atter /■'umiktt. 

sugar.  A  Urge  consumptioo  of  cane  or  milk  sugar  causes  the  putije  0^ 
small  quantities  of  Ixoh  of  these  sugars  into  the  urine  in  health,  while  isdia- 
betes  the  amount  of  dextrose  is  increased  {IVorm-Miil^tr).  According  i* 
Kiilz,  in  diabetic  personsi  cane  sugar  splits  up  into  grape  and  fmii  ngsr.ilM 
latter  ibeing  used  up  in  the  Ixxly,  the  former  |iarily  excreted  ;  and  ibe  same  b 
the  case  with  milk  supar. 

In    severe  cases  of  dial>etes  melUtus,  KUIz  found  the  left-rotatuij 
butyric  acid  (the  next  highest  analogue  of  lactic  acid)  in  the  orine,  U 
acetic  acid  is  formed  by  oxidation  \\  I75)i  which  in  its  turn  readily  ya 
and  aceton.     a-Crotonic  acid  is  formed  in  urine  by  the  removal  of  water 
oxyltutyric  acid  in  the  urine  in  diabetes  yStadelmann).     The  adminiiostifl* 
of  aceton  causes  albuntinuria,  and  this  may  in  part  explain  in  some  cuetbe 
\<  Lii-riiiK-ict  of   complication  of  albuminuria  in  diabetes  \^Alhertom  and  PijrHti  1. 
u  Jolituon.  Aceton,  or  accloD-vicSding  subslnncc.  probably  aceto-acctic  aciil,  is  »«*- 

times  found  in  diabetic  urine.  It  ha^  a  peculiar  vinous  odor,  and  ii  hatlv'B 
detected  in  the  urine  during  fever,  t'.erhnrdt  descril>cd  a  peculiar  sulwtance  in  diabetic  uriiK.wli'^'' 
gave  a  deep  red  color  with  perchloride  of  iron.  This  substance  is  probably  diacetic  ether,  and  be 
ConsidereJ  it  to  be  the  source  of  aceton;  but  it  is  more  probably  derived  from  aceto-acetic  »cid. 
Test  for  Aceton.  { l )  I'erchloride  of  iron  ^  Itiirgundy  red  color:  but  this  is  not  relisUe 
]..ieben  suggested  an  iodoform  test.  Dissolve  20  grains  of  K.I  in  a  fluid  drachm  of  liq.  potis&t' 
boil  the  lluid.  Four  the  suspected  urine  on  the  surface,  when  a  ring  of  phosphates  is  depo 
from  the  urine  by  the  hot  alkaline  solution.  If  nceton  be  present,  after  a  lime  the  depojit  becooitt 
yellow,  and  yellow  granules  of  iodoform  appear  and  sink  to  the  Ijottom  of  the  tc»4-tube.  TKe  *f 
other  sul^^^ancc  which  may  be  met  with  in  the  urine  giving  this  reaction  is  lactic  acid. 

Milk  sugar  is  sometimes  found  in  the  urine  of  women  who  are  nursing,  when  the  secreticn  of 
milk  is  arrested,  absorption  taking  place  from  the  breastt  (A7rT//n,  Sptegeibtrg),  LktuImc  i* 
sometimes  found  in  diabetic  uritie  (J  252). 

Dextrin  has  aUo  been  found  in  diabetic  urine.  Inoslt.  or  tnuacle  sugar  i\  2^2\,  is  ioiDcii<Dci 
found  in  diabetes,  in  polyuria,  and  albuminuria.  It  is  ibund  in  tracef,  even  in  normal  unne. 
Occasionally,  after  the  piqQre  in  animals  ({  175),  inosit,  instrnd  of  gra]>e  ^ugar,  ap[iean  in  IM 
urine  (Fig.  270).  In  testing  for  inosit,  remove  the  grape  sugar  by  fermentation,  and  Ihc  altm 
by  heal  after  the  addition  of  a  few  drops  of  acetic  acid  and  smiic  sulphate.  >on\t  of  the  tiltrsi^ 
evaporated  nearly  to  dryness  on  a  capsule.  To  the  residue  add  twu  drops  pf  mrrcuiic 
(Liebig's  titration  l^uid  for  urea'i,  which  gives  a  yellow  precipitate.  When  this  colored  resitl*" 
spread  out  and  carefully  healed,  a  dark  red  color,  which  aisai)(>ears  on  cootiog, b  obuincd  {C*^* 
kiiU).     [Inosit  gives  a  green  when  twilcd  with  Feliling's  solution.] 

a68.  CYSTIN.— This  left  roUlory  body,  C,H„N,S,0,,  occurs  very  seldom  in  lorge  amotw*  ^ 
urine,  although  it  seems  to  be  a  constituent  of  normal  urine.  It  may  be  in  solution  or  in  tbe  V^^ 
o(  hexagonal  crysuls  (Fig,  271,  A).     It  is  insoluble  in  water,  alcohol,  and  ether,  bat  cmsdysolv"' 
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in  unmonio.  from  which  loluiion  it  may  be  crystalUzed.  AcconliDc  lo  Raumann  and  Freusse  tlicre 
art  intermediale  products  of  the  mctalKiIiim,  from  which  are  funiiutcd  the  maicnaU  necessary  Tur 
the  fonnaiion  uf  cystin.  During  normal  mrlaVwIism  these  materials  undergo  further  changes,  and 
the  sulphur  appears  oxidi2cd<in  the  urine  as  sulphuric  acid.  In  rare  cases  these  oxidatiqtu  do  not 
lake  pikce,  and  then  the  sulphur  appears  in  the  cysttn  of  the  urine  {StaJtkagtm). 

269.  LEUCIN  =  C.H.jNO..  TYROSIN  =  C,H.,NO,.— Boih  bodies  occur  In  Oie  urine  Id 
mcute  yellow  atrophy  of  the  liver,  aiid  in  poisoning  by  pho&phorui.  (Their  formation  during 
pancreauc  digestion  has  been  referred  to  in  \  170,  11.)  As  the  urea  excreted  is  usoolly  diininished 
at  the  same  time,  it  is  assumed  that,  in  these  diseases  the  further  oxidation  of  the  derivatives  of  the 
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proteids  is  interfered  with.  Leucin,  which  is  cither  precipitated  spontaneously  or  obtained  after 
eraporating  an  alcoholic  extract  of  the  concentrated  urine,  occurs  in  the  form  of  yellowi^-browm 
iMlla  (Fig.  373,  a,  n),  often  with  coDCcntric  markings,  or  with  line  spines  on  their  surface.  When 
healed,  it  sablimes  without  fusing. 

Tyroiin  forms  silky,  colorlesa  abeaves  of  needlea  (Fig.  272,  A,  i').  When  boiled  with  mer- 
curic nilr.iie  and  nitric  acid  it  gives  a  red  color,  and  afterward  a  brownish-red  precipitate.  Piria'a 
Teat. — NN'hen  slightly  heated  with  a  few  drops  of  concentrated  siilphanc  acid,  it  diuotves  with  a 
tero|>orary  deep  rrd  color.  On  diluting  with  water,  adding  l«irium  carbonate  until  it  is  neutralized, 
boihng,  liltcring.  and  adding  dilute  ferric  chloride,  a  violet  color  is  obtained  (Pt'ria,  SfdJeier). 

370.  DEPOSITS  IN  URINE.— Deposits  may  occur  in  nonnal  and  in 
pathological  urine,  and  they  niay  be  either  '*  organized  "  or  "  unorganized." 

I.  Organized  Depoaits. 

A.  Blood  :  red  and  white  blood  corpuscles  and  sometimes  fibrin  (Fig«.  264-366). 

B.  Pus,  in  greater  or  less  amount  in  catarrh  or  inflAmmaiion  of  the  urinary  passages.  Pus  cells 
exactly  rrsemhle  colorless  blood  corpuscles  (Figs.  9,  267}.  Donne's  Teat. — Pour  uff  the  super- 
natant fluid  and  add  a  piece  of  caustic  potash  to  the  deposit ;  if  it  be  pus  it  becomes  gelatinoos, 
ropy,  anil  mure  viscid  (alltali-albuminaie).  Mucua,  when  so  acted  on,  heeomcs  more  fluid  and 
mixed  with  flocculi. 

C.  Epitheliuni  of  vxriotis  forms  ocean,  bat  it  u  not  always  possible  to  say  whence  it  ii. 
derived. 

D.  Spermatozoa  may  be  ptescDi. 

B.  Lower  organisms  occur  in  the  urinary  passages  very  seldom,  but  they  may  be  present,  /.  ^., 
in  the  bladder,  when  germs  are  introduced  from  without  by  means  of  a  dirty  catheter.  [IJefote 
inliodudt^  a  catheter  into  the  bladder  one  ought  always  10  make  sure  that  the  instrument  is 

Sffecdy  aseptic]     Micrococci  are  found  in  the  urine  in  certain  diseases, /.f.,  diphtheria.     The 
lowing  forms  are  distinguished  : — 

30 
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Fig.  273. 
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I.   Schlzomycetes  (|   1S4).      Norma/  human   mine   contains   neither   »chironi}*ce(ef  twc  their 
la  [>alhQlogtc3l  condilton-t,  however,   fungi  may  pass  from   ttie  blood   into  the  urinary 

[ubules  and  thus  reach  the  urine  {Ltuhf).  Ituring 
the  alkaline  fermentfliion  of  urine,  micrococci. 
rod-shaped  bacteria  or  bacilli  (Fig.  373)  appear. 
Sarcinae  belong  to  the  (^oup  (<|  186). 

Z-  Saccharomycetes  (rernieniatiim  fungi): 

The    fungus    of  the    acid    urine    fcimentalioo 

urinx)  consists  of  small  bladder-likc  cells  arranged 

i     op   '       jy     an    I^W      — ^k^        either  in  chains  or  in  Rroups  (Fig«.  260,  a;  273,/^. 

p  W i^'.y^^ ^   wr     Wr     y^     ^^        \h)  Vcast  (S.  fermenium)  occurs  in  diabetic  unne, 

ai  oval  ce)l<i  with  doited  eccentrical ly-placed  nu- 
cleus (KiR.  2.17). 

3.  Phytomycetes  (moulds')  occur  tn  putrid  urine 
(Fig.  373,  i).  1"hcy  are  without  clinical  siynifi- 
canee. 

F.  Tube  Casts. — ^The  occurrence  of  lul«  cattx, 
I.  /..  casu  of  the  uriniferous  tubules  {Henh,  1837),  is  of  ^rcot  importance  in  the  diagnosis  of  renal 
diseases.  If  these  structures  are  relatively  thick  and  straighi,  they  probably  come  from  ihc  collect- 
ing tubules,  but  if  they  are  smaller  and  twisted,  they  probably  come  from  the  convoluted  Tubules. 
There  are  various  forms  of  tube  casts :     t.  Epithelial  casts,  consisting  of  the  actual  cells  of  the 

Fig.  274. 
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cylloden. 


Findy  granuUr  casi. 


Epithelial  uui^. 


uriniferous  tubules.  They  indicate  that  there  Is  no  very  great  change  going  on,  but  only  that,  as  in 
catarrhal  inflammation  of  any  mucous  membrane,  the  epithelium  is  in  process  of  desquamation. 
a.  Hyaline  casts  (Fig.  280}  are  quite  clear  and  homogeneous,  usually  long  and  small;  somdimes 
they  are  "  tinely  granutar,*'  from  the  presence  of  fat  or  other  particles.  They  ore  best  seen  after 
the  addition  of  a  solution  of  iodine.  They  are  [imbably  formrd  from  albumin,  which  passes  into 
ihc  uriniferous  [ubules.  They  are  dissolved  in  alkaline  urine,  while  acid  urine  favors  their  formation. 
They  usually  occur  in  the  late  stages  of  renal  disease,  after  the  tubular  epithelium  has  been  shed. 
3.  Coarsely  granular  casts  (Fig.  279)  ore  brownish-yellow,  opaque,  and  granular,  usually 
broader  than  2.  There  are  various  forms.  Not  unfrequently  there  are  fatty  granules,  and,  it 
may  be,  epithelial  cells  in  them.  4.  Amyloid  casts  occur  in  amyloid  degeneration  of  the  kidneys 
(Fig.  380).  They  are  refractive  and  completely  homogeneous,  and  give  a  blue  color  (amyloid 
reaction)  with  sulphuric  acid  and  iodine.  5.  Blood  casts  occur  in  capiHary  hemorrhage  of  the 
kidney,  and  consist  of  coagulated  blood  entangling  blood  corpuscles  (Fig.  275).  When  tul>e  casts 
are  preseni,  the  urine  is  always  albutnittous. 

Leucocyte  casts  occur  in  suppurating  conditions  of  the  urinary  tubules  (^"Ig.  280).     The  urates 
in  the  form  of  casts  (Fig.  377)  are  without  significance. 

n.  Unorganized  Deposits. 
Some  of  these  are  crystalline  and  others  are  amorphous,  and  they  have  been  reOerred  to  ia 
treating  of  the  urinary  constitueuts. 
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•71.  SCHEME  FOR  DETECTING  URINARY  DEPOSITS.— 1.  In  acid  uriae  there 
asy  occur — 

I.  All  Amorphous  ^anuUr  deposit ; — 
(if)  Which  ts  cliftAolvcd  by  heat  and  reappears  in  the  cold;  the  deposit  is  often  reddish  in 

color  =  urates  (Ki|;.  zbo). 
(^)  Which  is  not  diHinUcd  In-  heat,  \mt  in  dif^solved  by  acetic  acid,  but  without  effervescence  = 

probably  tiibasic  calcic  pbospbste. 
[e)  Small  bright  refractive  granules,  miIuIiIc  in  ether  ^  fat  or  oil  B;ranulea  ({  41 ),  (IJpmnia). 
Fat  occurs  in  the  urine,  especially  when  the  round  vrorni.  r  ilaria  tangainis  homints,  is 
prcseiU  in  the  blood ;  sometimes,  along  with  migar.  in  phthisis,  poisoning  with  phosphorus, 
yellow  fever,  py-trmia,  after  Inng-conlinued  sappuration,  and  lastly,  after  the  injection  of 
fat  or  milk  into  the  blood  (j|  102).  It  occur*  aUo  in  fatty  degeneratiou  of  the  urinary 
apparatus,  admixture  with  pus  from  old  abscesses,  and  after  severe  injuries  to  bones.  In 
these  cases  attention  ought  to  be  directed  to  the  presence  of  cholesierin  and  lecithin. 
Very  rarely  is  the  fat  present  in  such  amount  in  the  urine  as  lo  form  a  cream  on  the 
surface  (chyluria). 

Fig.  aSi. 
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m,  Granoln  of  cakic  carbonate  of  Uma;  t,  r,  crj-iulUnc  neutnj  calcic  pbosphata. 
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AmnoRlo4iafBCilc  ptuMphaie. 


3*  A  crystalline  deposit  may  be^ 
(tf)  Uric  acid  (Fig.  356). 
(^)  Calcium  oxalate  (Fig.  358) — octahedra  insoluble  in  acetic  acid. 

Cysiin  (Fig.  271), 
(1/)  Leucin  and  tyrosin — very  rare  I  Fig.  272). 
I  alkaline  urine  there  may  occur — 
I.  ^  comfletflr  amorphous  granular  deposit,  soluble  m  acids  without  elTcrvescence 
tribasic  calcic  pbospbale. 
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a,  Setlimeni,  crystalline,  or  wUk  a  ehtiracttrisiU  form. 

ia)  Triple  phosphate  (Figs  382,  383),  soluble  at  once  in  acids. 

{i)  Acid  ammonium  urate — dark-,vetlowi>ih,  small  ImIIs  often  beset  with  sptnea,  alao 

pilous  il''i(j.  2S4). 
(r)   Calcium  carbonate — small  whitish  balls  or  biscuit- ahnped  bodies.     Acids  disiolvc 

with  cflrcr\*cscciice  {Fig.  iSl). 
Id)  Leucin  aivl  tyrosin  (Fig.  272) — very  rare. 

{e)  Neutral  calcic  phosphate  ami  lotig  plat«i  of  iribaiuc  motjnesic  pbosphxte  (Fig.  aSsl- 
Organized  deposits  may  occur  lioth  in  alkaline  and  in  acid  uHdc;  ptu  cells  are  more  rfiMida 
In  alkaline  urine,  and  \o  are  the  lower  v^etable  organisms. 

173.  URINARY  CALCULI. — Urinary  concrclions  may  occur  in  granules  the  size  of  m: 
or  in  masses  as  large  as  the  fist.     According  to  their  si2C  they  are  spoken  of  as  sand,  c^av* 
stone,  or  calculi.     They  occur  in  the  pelvis  of  ihe  kidney,  orcti 
Fi».  284.  bladder,  and  sinus  prostaticus. 

We  may  classify  them  as  follows  (^UlttmoHH) : — 
I.  Calculi  whose  nucleus  consists  of  the  Hcdimenlary  depociu  i 
t      occur  in  aci<l   urine    (primary  formmion  of  calculi).      They  are 


■hat 
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Add  ammonluni  urate. 


Basic  mofBoalc  phoftplutic. 


formed  in  the  kidney,  and  pau  into  the  bladder,  where  they  enlarge  by  the  depontion  of  bs —  -aUer      { 
on  their  surface. 

2.  Calculi  which  are  either  sedimentary  forms  from  alkaline  urine,  orwbooe  nucleus  ootnia^^Ms  of 
^  foreign  body  (secondary  formation  of  calculi).     They  arc  funned  in  the  bladder. 

The  primary  formation  of  calculi  begins  with  free  uric  acid  in  the  form  of  sheares  (Fig.  :=^  '5*1 
which  form  a  nucleus,  with  concentric  layers  of  ox-alale  of  lime.  The  secondary  formation  €i—  ""rmi^ 
in  Htufral  urine  by  the  depo^fition  of  calcic  carbonate  ami  crystalline  calcic  phosphate;  in  it/kims~~^ff*'* 
urine,  by  ihe  deposition  of  acid  ammonium  urate,  triple  phosphate,  and  ainorphcus  calcic  pbospta^^B"*'- 

Chemical  Investigation. — Scrape  the  calculus,  bum  the  scrapings  on  platinum  foil  to  siOc^^^^'*^ 
if  they  are  K»imed  or  not. 

I.  Combustible  concretions  can  consist  only  of  organic  substances. 
(a)  Apply  the  murexidc  lest  (J  259,  2),  and,  if  it  succceils,  uric  acid  it  present.     Urk  ^^ 

calculi  are  very  common,  often  of  considerable  size,  smooth,  fairly  hard,  and  yellow  to  red*ii^— ^  "" 
brown  in  color. 

{^)  If  another  portion,  on  being  boiled  with  cniutic  potash,  f;iveft  the  o<lor  of  ammonia  (<x 
the  vapor  makes  damp  turmeric  paper  brown,  or  if  a  glass  rod  dipped  in  HCl  and  held  over  it 
white  fumes  of  ammnniimi  chloride),  the  cooaeiion  contains  aramonium  urate.     If  *  gi» 
result,  pure  uric  acid  is  present.     Calculi  of  ammonium  urate  are  rare,  usually  small,  of  an 
con^btcnce,  (.  f.,  soft  and  pale  yellow  or  wUili!>h  in  color. 

{c]   If  the  xantbin  reaction  succeeds  ({  260),  this  substance  is  present  (rare),     Indigo  ha* 
fotmd  an  one  occasion  in  a.  calculus  [Ortf). 

(*/)  If,  after  solution  iti  ammonia,  hexagonal  plates  (Fig.  271.  A)  are  fount!,  cystin  is  presenL—  ^^    m^A 

(f)  Concrclions  of  coagulated  blood  or  fibrin,  without  any  crysuls,  are  rare.     When  *™'~^"^^''f'Kil 
they  give  the  odor  of  bingcd  hair.      Tbcy  arc  msolublc  in  water,  alcohol  and  ether ;  but  are  »ol^  i^U' 
in  caustic  pota.sh,  and  are  precipitated  therefrom  by  acids.  .^tJtfVai 

(/)  Urosiealith  is  applied  to  a  caoutchouc  like,  soft  elastic  subsunce,  and  b  very  rare-    ^"""^^^^  i 
dry  it  is  brittle  and  hard,  brown  or  Wack.     When  warm  it  softens,  and  if  more  heat  I*  applie-^^  ^     »_ 
melts.     It  is  soluble  in  ether,  and  ihe  residue  after  evaporaiion  becomes  violet  on  being  healed.      —  '' 
is  soluble  in  worm  caustic  potash,  with  the  furraalion  of  a  soap.  >.,■ 

II.  If  the  concrerions  are  only  partly  combustible,  thus  leavti^  a  residue,  (hey  contain  oig»^^^^**^ 
and  inorganic  constituents.  . 

(a)  Pulvcri/e  a  pan  of  the  stone,  boil  it  in  water,  and  filter  while  hot.  The  urates  are  disMl  M'-^^''^. 
To  test  if  the  uric  aciJ  is  united  with  sotia,  potash,  lime,  or  magnesia,  the  filtrate  is  evoporjted^^  ^J 
burned.      The  a-^b  is  investigated  with  the  spectroscope  (j  14),  when  the  characteristic  band^t^-"  "' 
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Kxlium  or  potash  arc  observed.  Magnesic  unile  and  calcic  urate  are  changed  into  carbonate  b)r 
burning.  To  scj^ratc  tbetn,  dusolve  the  ash  in  dilute  byOrocliloric  acid,  and  filter.  The  (iltratc  is 
neutrah}«d  with  ammonia,  nnd  again  rcdtuolvccl  by  a  icv/  dmps  of  acetic  acid.  The  addition  of 
ammonium  oxalate  precipitates  calcic  oxalate.  I'ilter,  and  add  to  the  Aitrate  sodic  phosphate  and 
ammonia,  wht-n  the  magnciiia  is  prrcipitated  u  ammonto-magnesic  phosphate. 

I  i)  Calcic  oxalate  (r.^'CciaUy  in  children,  either  as  »mall,  smooth,  pale  Mon»,  or  in  dark,  warty, 
hard  '*  mulbcrrv  calculi ")  it  mx  aifccled  by  acetic  acid,  is  dissolved  by  mineral  acids  without  effier- 
re»cencc,  and  again  precipitated  by  ammonia.  Ueated  on  platinum  foil  it  char«  and  blackens,  then 
it  becomea  white,  uwiug  to  the  formation  of  calcic  carbonate,  which  efiervcKes  on  the  addition  of  an 
acid. 

\e)  Calcic  carbonate  (chiefly  in  whiiish-gray.canhy.chiilkUkc  calculi,  somewhat  rare)  dissolves 
with  cfTerveMrcnce  in  )iydrochloric  acid.  When  burned  il  first  becomes  black,  owing  to  admixture 
with  mucus,  and  then  while. 

(</)  Ammonio-magnesic  phosphate  and  baiic  calcic  phoaphate  usually  occur  together  in 
soft,  while,  eanhy  sionc*.  which  occo-fionally  are  very  large.  These  Mmies  (how  that  the  nrinc  hiu 
been  annnoniacal  for  a  very  long  time.  The  first  substance  when  heated  gives  the  odor  of  ammonia, 
which  i»  n>ore  distinct  when  heattnl  with  caublic  ixna&h;  is  soluble  in  acetic  acid  without  efferves* 
cence,  and  is  again  precipitated  in  a  crysta'line  lonn  from  this  solution  on  the  addition  of  ammonia. 
When  healed  il  fuses  into  a  white  enameMtkc  ma:A  [hence  il  is  called  "  fusible  calculus  "].  Basic 
calcic  phosphate  doe^  not  effervesce  with  acids.  The  solution  in  hydmchtonc  acid  is  )>rccipitated 
by  ammunia.     When  aininoniuin  oxalate  h  added  to  the  acetic  acid  solution,  it  yields  calcic  oxalate. 

[f)  Neutral  calcic  phosphate  it  rare  in  calculi,  while  il  i^  frei|uent  in  the  form  of  gravel. 
Fhyttcally  and  ciiemically,  these  cuncrettons  resemble  the  eanhy  pbo^hales,  only  thejr  do  not  coaiain 
BUgQtsia. 

273.  THE  SECRETION  OF  URINE.— [Thefunctions  of  the  kidney 
are — 

1.  To  excrete  wustc  producU,  chicAy  nitrogenous  bodies  and  salts; 

2.  To  excrete  water ; 

3.  And  perhaijs  ab>o  to  real>sorb  water  from  the  uriniferons  tubules,  aAer  it  has 
washed  out  the  waste  products  from  the  renal  epithelium. 

The  chief  parts  of  the  organs  concerned  in  i,  are  the  epithelial  cells  of  the  con- 
voluted tubules ;  the  glomeruli  |jermit  water  and  some  solids  to  pass  through  them, 
while  the  constrictions  of  the  tubules  may  prevent  the  too  rapid  outflow  of  water, 
and  thus  enable  [xirt  of  il  to  be  real>sorbcd.] 

Theories. — The  two  chief  older  theories  regarding  the  secretion  of  tirine  are  the 
following:  i.  .Vccordlng  to  Bo>vman  (1842),  through  the  glomeruli  are  filtered 
only  the  wa/^r  and  some  of  the  liighly  diffusible  and  soluble  salts  present  in  the 
blood,  while  the  sfjecific  urinary  constituents  are  secreted  by  the  activity  of  the 
epithelium  of  the  urinary  tubules,  and  are  extracted  or  removed  from  the  epithelium 
by  the  water  flowing  along  the  ttibulcs.  This  has  Inren  called  the  "  vital  "  theory. 
2.  C.  Ludwig  ( 1844J  assimies  that  tvn'  ditutt  urine  is  secreted  or  filtered  through 
the  glomerulus.  As  it  jiosses  along  the  urinary  tttbulcs  it  becomes  more  conccn. 
trated,  owing  to  endosmosis.  It  gives  lack  some  of  its  water  to  the  blood  and 
IvTiiph  of  the  kidney,  thus  becoming  more  concentrated,  and  assuming  its  normal 
character.     ['I"his  is  commonly  known  as  ihe  "mechanical"  theory.] 

The  secretion  of  urine  in  the  kidneys  does  not  depend  \\\tox\  definite  physical 
forces  oniy.  S.  great  number  of  facts  force  us  to  conclude  that  the  vital  activity 
of  certain  secretory  cells  plays  a  foremost  part  in  the  process  of  secretion  {R. 
Hfidenhain^. 

The  secretion  of  urine  embraces  (i)  The  water,  and  (2)  the  urinary  con- 
stituents therein  dissolved;  both  together  form  the  urinary  secretion.  The 
amount  of  urine  depends  chiefly  upon  the  amount  of  water  which  is  filtered 
through  or  secreted  by  the  glomeruli;  the  amount  of  solids  dissolved  in  the 
urine  determines  its  concentration. 

(A)  The  amount  of  urine,  which  is  seireted  chiefly  within  the  Malpighian 
cafjsules,  riV/Vn/A  f^nmariiy  upon  the  blood  pressure  in  the  area  of  the  renal  artery^ 
and  follows,  therefore,  the  laws  of  filtration  (§  191,  II)  {Ludivig  ami  GoU).  fin 
this  respect  the  secretion  of  urine  differs  markedly  from  that  of  saliva,  ga.stric  juice, 
or  bile.     We  may  state  it  more  acc^l^ately  thus,  that  the  amount  of  urine  dc|»ends 
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very  closely  upon  the  differences  of  pressure  between  the  blood  in  the  glomeruli 
and  the  jiressure  within  the  renal  tubules.  If  the  ureter  be  ligatured,  the  secretion 
of  urine  is  ultimately  arrested,  even  although  the  blood  pressure  be  high.  The 
secretion  niay  aisci  be  arrested  by  ligature  of  the  renal  vein ;  and  in  some  cases  of 
cardiac  or  pulmonary  disease  the  venous  congestion  thereby  produced  may  bring 
about  the  same  result.] 

Glomerular  Epithelium. — The  amount  of  urine  secreted  does  not  dei>end 
u[K»n  the  hydrostatic  pressure  alone,  but  it  seems  that  the  epithelial  cells  covering 
the  glomerulus  also  {jarticipate  actively  in  the  process  of  secretion.  Besides  the 
water,  a  certain  amount  of  the  salt«>  present  in  the  urine  is  excreted  through  the 
glomeruli.  The  serum  albumin  of  the  bloody  however,  is  prevented  from  passing 
through.  With  regard  to  the  secretory  activity  of  these  cells,  the  quantity  of  water 
must  also  depend  upon  the  amount  of  the  urinary  constituents  and  water  present  in 
the  blood  {R.  Heidenhain). 

Only  when  the  vitality  of  the  secrciory  ccUs  is  intact,  is  iho-e  independent  activity  of  ibese 
secrciory  cells  {^HrittenMaih).  When  the  renal  artery  is  clo«;d  letnporarily,  iheir  activity  is  paraly/ed, 
so  that  the  kidneys  cease  to  secrete,  and  even  after  the  compression  is  removed  and  the  drculalion  re- 
established, secretion  dors  not  take  place  for  some  time  ( Overbtck). 

That  the  secretion  dejjcnds  in  part  upon  the  blood  pressure  is  proved  by 
the  following  considerations  :■ — 

1.  Inerease  of  the  total  contents  of  the  vascular  system,  so  as  to  increase  the  blooii 
pressure^  increases  the  amount  of  water  whii:h  filters  through  the  glomeruli.  The 
injection  of  water  into  the  blood  vessels,  or  drinking  copious  draughts  of  water,  acts 
jKirtly  in  this  way.  If  the  blood  pressure  rises  above  a  certain  height,  albumin  may 
pass  into  the  urine.  The  active  participation  of  the  cells  of  the  glomeruli  is  rendered 
probable  by  the  fact  that,  after  very  copious  drinking,  the  blood  pressure  is  not 
always  raised  {Pawl&w)  ;  further,  after  copious  transfusion,  the  quantity  of  urine 
is  not  increased.  Conversely,  the  loss  of  water,  owing  to  profuse  sweating  or  diar- 
rhtea,  copious  hemorrhage,  or  prolonged  thirst,  diminishes  the  secretion  of  the  urine. 

2.  Diminution  of  the  capacity  of  the  vascular  system,  jjrovided  the  pressure  within 
the  renal  area  be  thereby  increased,  acts  in  a  similar  manner.  This  may  be  pro- 
duced by  contraction  of  the  cutaneous  vessels,  owing  to  the  action  of  cold,  stimula* 
lion  of  the  vasomotor  centre,  or  large  vasomotor  nerves,  ligature,  or  compression  of 
large  arteries  (§  85,  f),  or  enveloping  the  extremities  in  tight  bandages.  All  these 
conditions  cause  an  inci^ease  in  the  amount  of  urine,  and  of  course  the  opposite 
conditions  bring  about  a  diminution  of  urine,  e.  g.,  the  action  of  heal  on  the  skin 
causing  redness  and  dilatation  of  the  cutaneous  vessels,  weakening  of  the  vasomotor 
centre,  or  paralysis  of  a  large  number  of  vasomotor  nerves. 

3.  increased  action  of  the  hearty  whereby  the  tension  :uid  rapidity  of  the  blood  in 
the  arteries  are  increased  (§  85,  ^),  augments  the  amount  of  urine;  conversely, 
feeble  action  of  the  heart  f  paralysis  of  motor  cardiac  nerves,  disease  of  the  cardiac 
musculature,  certain  valvular  lesions)  diminishes  the  amount.  Artificial  stimulation 
of  the  vagi  in  animals,  so  as  to  slow  the  action  of  th,e  heart,  and  thus  diminish  the 
mean  blood  pressure  I'rom  130  to  100  mm.  Hg,  causes  a  diminution  in  the  amount 
of  urine  to  the  extent  of  one-fifth  {Goll,  CI.  Bernard)  ;  when  the  pressure  in  the 
aoru  falls  to  40  mm.  the  secretion  of  urine  ceases,  [if  the  medulla  oblongata  be 
divided  (dog),  there  is  an  immediate  fall  of  the  generalh\ooA  pressure,  and  although, 
as  a  general  rule,  the  secretioii  of  urine  is  arrested  wlien  the  pressure  falls  to  40  to 
50  mm,  Hg,  yet  secretion  has  been  observed  to  take  place  with  a  lower  pressure 
than  this.] 

4.  The  amount  of  urine  secreted  rises  or  falls  according  to  the  degree  of  fullness 
the  renal  artery  {tudivig,  Max  Hermann) ;   even  when   this  artery  is  moderately 
constricted  in  animals,  there  is  a  decided  diminution  in  the  amount  of  urine. 

Pathological. — In  fevw  the  rcnol  ressrU  arc  Irss  fiill.nnd  ihcrc  is  consecutive  diminution  of 
{MtndttiffH).     \\  IS  most  importanr,  in  connection  with  catain  renal  discsKS,  to  note  thai  ligature 
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the  rcDAl  utcry,  even  when  it  is  obliterated  (or  only  two  houn.  »uso  necrosis  of  the  epitbcluim  of 
the  unQifeniiis  tubuls.  When  the  arterial  smrmiA  15  kept  up  for  a  lung  lime,  the  whute  lenal  tissue 
did  {Li//m).  After  long-coniinurd  Hgaiion  of  the  renal  nncr)*,  the  epithelium  of  the  glomeruli 
beoones  grcaily  changed  {^fHHtrt)- 

5.  Most  diuretics  act  in  one  or  other  of  the  above  mentioned  wa>'s. 

[Some  diuretics  wt  by  increasii^  the  gtnerei  hlood  presuire  f  digitalis  and  the  aaion  of  cold  on  the 
ikin),  othem  may  increoAe  the  McmvI  pressure  lotally  within  the  kidnev,  and  tht»  they  may  do  in 
ieveral  way^.  The  nitrites  ore  said  to  paralyte  the  muscular  fibres  in  the  vasa  aftereiitia,  and  thas 
raise  the  blood  presHirc  within  the  glomeruli  Hut  some  also  act  on  the  stcrttory  epifheUwH,  such  as 
orca  and  caffrin.  Itrunton  recnmmrnds  the  combmaiion  of  diurciicft  in  appropriate  cases,  and  the 
dinrdics  muM  tic  chii»cn  uccoffllng  l<i  the  end  in  vif^w — as  we  wi^h  to  remove  exces*  of  fluids  from 
the  tiHue«  and  seruus  cavities,  or  as  we  wish  to  remove  injurious  woste  products,  or  merely  to  dilute 
the  urine,  j 

[6.  The  amount  of  tirine  also  depends  upon  the  composition  0/ (he  hiood.  Drink- 
ing a  large  quantity  of  water,  whereby  the  blood  becomes  more  watery,  increases 
the  amount  of  urine,  but  this  is  true  only  within  certain  limits.  It  is  not  merely 
the  increase  of  volume  of  the  blood  acting  mechanically  which  causes  this  increase, 
as  we  know  that  large  quantities  of  fluid  may  be  transfused  without  the  general 
blood  pressure  being  materially  raUed  thereby.] 

[Heidenhain  argues,  that  it  is  not  so  much  the  pressure  of  the  blood  in  the 
glomeruli  as  its  velocity,  which  determines  the  process  of  the  secretion  of  water  in 
the  kidnev.  He  contends  that,  while  increase  of  the  pressure  in  the  renal  artery 
causes  an  increased  flow  of  urine,  ligature  of  the  renal  vein,  whereby  the  pressure 
in  the  glomeruli  is  also  increased,  arrt^ts  the  secretion  altogether.  In  both  cases 
the  pressure  is  increased  within  the  glomeruli,  and  the  two  cases  diflfer  essentially  in 
the  vehcity  of  the  blood  current  through  the  glomeruli.] 

Pressure  in  the  Vas  Afferens. — The  pressure  m  each  vas  afferens  \wyxiX  be 
relatively  great,  because  (1)  the  double  set  of  capillaries  in  the  kidney  offers  con- 
siderable resistance,  and  (a)  the  lumen  of  the  vm  eflerens  is  narrower  than  that  of 
the  vas  anereiis.  Hence,  uwing  to  the  high  blood  pressure  in  the  capillaries  of  the 
renal  glomeruli,  filtration  must  take  place  from  the  l)lood  into  the  Malpighian 
capsules.  When  the  vasa  aflcrentia  are  dilated,  the  filtration  pressure  is  increased, 
while,  when  they  are  contracted,  the  secretion  is  lessened.  When  the  pressure 
becomes  so  diminished  as  to  retard  greatly  ilie  blood  stream  in  the  renal  vein,  the 
secretion  of  urine  begins  to  tie  arrested.  Occlusion  of  the  renal  vein  com- 
pletely suppresses  the  secretion  {^H.  Meyer^  v,  Frericks),  Ludwig  concluded  from 
this  ol)scr\'ation,  that  the  filtration  or  excretion  of  fluid  could  not  take  place  through 
the  renal  capillaries /rtf/^r,  a.s,  owing  to  occlusion  of  the  renal  vein,  the  blood  pres- 
sure in  these  capillaries  must  rise,  which  ought  to  lead  to  incrca.sed  filtration.  Such 
an  experiment  points  to  the  conclusion  that  the  filtration  must  take  plact  through 
the  capillaries  of  the  glomeruli.  The  venous  stasis  distends  the  vas  efferens,  which 
springs  from  the  centre  of  the  glomerulus,  and  compresses  the  capillary  loofis  against 
the  wall  of  the  Malpighian  ca)jsule,  so  that  filtration  cannot  take  place  through 
thetn.  It  is  not  decided  whether  any  fluid  is  given  oIT  through  the  convoluted 
urinary  tubules. 

VenouJi  conjjeitioD  in  the  kidnc)*?  diminishes  the  quantity  of  urine  aix)  the  urea.  The  NaCI 
renuiins  consionl.  but  pathological  dbumin  is  incrnued  {^Sena^or  and  A/unJt). 

Presiure  in  Ureter, — As  the  blood  pressure  in  the  renal  artery  is  about  1 20  to  140  mm.  Hg,  and 
the  urine  in  the  ureter  is  moved  along  by  a  very  slight  propelling  force,  so  that  a  counter- pressure  of 
from  10  ( L.V'tU)  to  40  mm.  o\  Hg  is  sufiicirm  m  arrest  iis  Bow,  it  is  clear  that  the  blood  pressare  can 
■ho  act  u  a  I'lj  a  tergo  to  propel  ihc  urioc  through  the  ureter.  The  pcewure  in  the  ureter  is  nicas- 
ored  liy  dividing  the  ureter  lrnn>tvcrscly  and  insening  a  minoineter  in  il. 

iB)  Secretory  Activity  of  the  Renal  Epithelium,— The  degree  of 

"^^nceritration  of  the  urine  dci>ends  upon  the  quantity  of  the  dissolved  constitu- 

''ijch  ha.-*  [ia<Mcd  from  the  blood  into  the  urine.     The  secretory  cells  of  the 

ted   tubules,  by  their  own  |>roper  vital  activity,  seem  to  be  able  to  lake  up, 
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or  secrete,  some  at  least  of  these  substances  from  the  blood  (Bowman,  Heidenhain). 
The  watery  part  of  the  urine,  containing  only  easily  diffusible  salts,  as  it  flows  along 
the  tubules  from  the  glomeruli,  extracts  or  washes  out  these  substances  from  the 
secretory  ej)itheliiim  of  the  convoluted  tubules. 

Experiments. — i.  Sulphindigoiate  of  soda  and  sodium  urate  when  injected 
into  the  blood,  pass  into  the  urine,  and  are  found  in  the  protoplasm  of  the  cells  of 
the  com'oluted  tttbuUs  [only  in  those  parts  lined  by  "  rodded  "  epithelium]  but  not 
in  the  Malpighian  cajsules  {Heidenhain).  A  little  later  these  sul>stancc3  are  found 
in  the  lumen  of  the  urinary  tubules,  from  which  they  are  washed  out  by  the  watery 
part  of  the  urine  coming  from  the  glomeruli.  ]f,  however,  two  days  before  the 
injection  of  these  substances  into  the  blood,  the  cortical  part  of  the  kidney  contain- 
ing the  Malpighian  ca[)sulcs  be  cauterized,  \e.  ^..  by  nitrate  of  silver],  or  sliced  ofiT, 
the  blue  pigment  remains  within  the  convoluted  tubules.  It  cannot  be  carried  on- 
ward, as  the  water  which  should  carry  it  along  has  ceased  to  be  secreted,  owing  to 
the  destruction  of  the  glomeruli.  This  ex]3erinient  also  goes  to  show  that,  through 
the  ^/fiiw^ni//' the  watery  part  of  the  urine  is  chiefly  excreted,  while  through  the  con- 
voluted tuhu  Us  the  specific  urinary  constihients  Vixc  excreted.  Uric  acid  salts ^  injected 
into  the  blood,  were  observed  by  Heidenhain  to  l^>c  excreted  by  the  convoluted 
tubules.  Von  Wiitich  had  previously  observed  that  in  birds,  crystals  of  uric  acid 
were  excreted  by  the  epithelium  of  the  convoluted  tubules.  [The  presence  of 
crystals  of  uric  acid  in  the  renal  epitholinm  was  observed  by  Rowman.  and  used  as 
a.n  argmnent  to  support  his  theory.]  Nussbaum,  in  1878,  stated  that  urea  is  secreted 
by  the  urinary  tubules  and  not  by  the  glomeruli. 

The  same  is  true  for  Ihe  bile  pi^mtnlt,  for  the  ir(m  salli  of  the  veRctRblc  acids  when  injected 
Mibcutancously.  and  for  hictnoglubin.  After  injection  of  miltt  into  thv  blood  vessels,  numcrouft  fatty 
granules  occur  wilhin  the  vpitiit'Iium  of  the  urinary  Ivihules  ({  102>. 

[Nussbaunti's  Experiments. — In  the  frog  and  newt,  the  kidney  is  supplied 
with  blood  in  a  manner  difTcrent  from  that  obtaining  in  mammals.  The  glomenili 
are  supplied  by  branches  of  the  renal  artery.  The  tubules  are  supplied  by  the  renal- 
portal  vein,  The  vein  coming  from  the  posterior  extremities  divides  at  the  upper 
end  of  the  thigh  into  two  branches,  one  of  which  enters  the  kidney,  and  breaks  up 
to  form  a  capillary  plexus  which  surrounds  the  uriniferous  tubules,  but  this  plexus 
is  also  joined  by  the  efferent  vcs-scls  of  the  glomeruli.  These  two  systems  are  partly 
independent  of  each  other.  After  ligaturing  the  renal  artery.  Nassbaum  asserted 
that  the  circulation  in  the  glomeruli  was  cut  otf,  while  ligature  of  the  renal-portal 
vein  excluded  the  functional  activity  of  tubules.  By  injecting  a  suL»stance  into 
the  blood,  after  ligaturing  either  the  artery  or  renal-portal  vein,  and  ol)ser\'ing 
whether  it  ocair>  in  tlie  urine,  he  infers  that  it  is  given  off  eitlier  by  the  glomeruli 
or  the  tubules.  Su^ar,  peptones,  and  eg^  albumin  rapitily  iwss  through  an  intact 
kidney,  but  if  the  renal  artery  l>e  tied  ihey  are  not  excreted.  Urea  when  injtxted 
into  the  circulation  is  excreted  after  the  artery  is  tietl,  so  tliat  it  is  excreted  through 
the  tubules,  but  at  the  same  time  it  lakes  with  it  a  considerable  (juantity  of  water. 
Thus,  water  is  excrercd  in  two  ways  froni  the  kidney,  by  the  glomeruli  and  also 
from  the  venous  plexus  around  the  tubules  along  with  the  urea.  Indij^o  carmine 
merely  passes  into  the  tubular  epithelium  of  the  convoluted  tubules,  but  it  does  not 
cause  a  secretion  of  urine.  Albumin  imlsscs  through  the  glomenili,  but  only  after 
their  membranes  have  been  ahered  in  some  way,  as  by  clamping  die  renal  artery  for 
a  time.] 

[Adaroi's  Experiments  on  the  kidneyof  the  frog  tend  to  show  that  Niusbaum's  conclnsiacu 
are  not  justified,  for  Adomi  fuuiid  thiit  if  the  rrnal  arteries  in  Ihe  frog  \»  lignturcd.  within  ■  few 
hours  a  colUternl  circulation  is  estalili^hcd,  and  a  ccttoin  anK>unt  of  blood  Hows  tltraugli  the  Icidoej^. 
He  proved  this  by  injecting  into  the  blood,  canning  or  pamlcr's  vcmiili<m.  in  0  slnle  of  fine  sumn- 
sion,  nnd  nfter  ligjiture  of  the  renal  arteries,  lie  foLn<l  it  in  m.iny  of  the  glrnnu-ruli.  while  lakj  blood 
similiirly  injected  revealed  its  presence  as  menisci  of  lib  in  the  Malpighiiui  corpuscle*  Kvcn 
»ecrctioa  of  »cmic  urine  may  go  on  after  ligature  of  the  renal   arteries.     U  i»  evideni,  then,  tbal 
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Nunbiuun's  method  i>  oot  a  reli^le  otie  for  loouins;  the  purts  of  Ihe  kidney  through  ^which  certain 
mbstaoccs  arc  cxcrcinl.  Adnmi's  experiments  aLu>  ^ve  some  Mippori  to  Heidenhain's  view,  thai 
the  gloaKTular  qnthcHuni  "  possesses  powcn  of  a  scleclive  secretory  Dalurc,"  for  he  finds  that  in 
Iropi,  after  lif^ture  nf  (he  rennl  arlcrie*,  where,  of  cotme,  the  proaurv  in  the  (jlomeruli  is  ]\vA  nearly 
that  in  the  vrji».  uiid  in  the  iJo^*  ajter  section  of  the  spiltnl  cord,  so  thai  the  hltxxl  prc»urc  has  rallen 
lielow  40  mm.  Hg,  whereby  the  »ccrctiuu  of  urine  \s  arrested,  the  injection  of  hiky  blood  causes  lib 
to  appcttr  in  the  capMitc^,  although  there  is  no  simullaneoa't  excretion  of  water.] 

Excretion  of  Pigmenta. — Only  duiing  vecy- copioua  excretion  dors  the  capule  participate. 
AAer  the  inlrodoction  of  a  lai^e  amount  of  sodic  sulphindigotate,  and  when  the  experiment  has 
laated  lor  a  long  lime,  the  epithelium  uf  the  capsule  Iwcotnes  blue.  In  albuminuria,  the  abmutnal 
excmton  of  urine  take*  places  first  in  the  urinary  tubidex,  and  afterword  in  the  capsules ;  I  lb  is  partly 
found  m  the  capsules.     According  to  Nnssbaum,  egg  albumin  passes  out  through  the  capsule. 

3.  Even  when  the  .sec reiion  of  the  watery  part  of  the  urine  is  completely  arresttd^ 
cither  by  ligature  of  the  ureter,  or  after  a  very  great  fall  of  the  Mood  pressure  in  the 
renal  artery  [as  after  section  of  the  cervical  spinal  cord],  the  be  fore -mentioned 
stilistanccs,  when  injected  into  the  blood,  are  found  in  the  cells  of  the  convoluted 
tubules.  The  injection  of  urea  under  these  circumstances  causes  renewed  secretion. 
These  facts  show  that,  indeijendently  of  the  6ltration  pressure,  the  secretory  activity 
ef  these  eelis  is  still  maintained. 

The  irulcpcndent  vital  activity  of  the  secretory  celli  of  the  urinary  tutnilrs,  which  as  yet  wc 
are  unal>lc  to  explain  oti  purely  physical  grounds,  renders  it  probable  that  the  tubules  arc  not  to  be 
compared  to  an  ap|>anitu!t  |>roYtded  with  physical  membranes.  This  is  proved  by  the  fnllnwing  cx|>cri- 
ment :  Al>el»  caused  irterial  blood  to  circulate  through  freshly  excised  liring  kidneys.  A  pale, 
urine-like  fluid  dropped  from  the  ureter.  On  adding  some  urea  or  sugar  to  the  blood,  the  secretion 
became  more  concentrated.  Thw,  the  excised  living  kidney  also  excretes  substances  in  a  mon 
cooccntraled  fonn  than  those  Mippllcd  to  it  in  the  diluted  blood  streaming  through  it.  J.  Munk 
obtained  »imilar  rcsull»  in  rxcised  kidneys  with  common  sail,  nitre,  cafTcin,  grajx;  sttgar,  glycerin, 
with  increase  in  the  amount  of  urine  secreted,  llie  addition  of  cafTein  or  theobromin  to  the  jterfused 
blood  increajc*  the  »«<:rction.  exciting  the  itccrelory  cells  to  greater  activity  (f.  SchnvJtr). 

Salts  and  Gaaes. — The  vital  actixHt)-  exp]nin<i  why  the  xerum  albumin  of  the  blood  docs  not 
pass  inln  the  urine,  white  egg  nllmmin  and  duLsolvcd  hemoglobin  readily  do  <o.  Among  the  tattt 
Mrhtch  occur  in  the  blood  and  blood  corpuscles,  of  course  only  those  in  solution  can  |nu9  into  the 
urine-  Tbo>e  which  ore  united  with  protetd  bodies,  or  are  fixed  in  the  cellular  elements,  cannot  po-u  out, 
or  at  least  only  afler  they  have  been  s|)lit  up.  Tims,  wc  may  explain  the  ditTerence  between  the  salts 
of  the  urine  and  those  of  the  blood.  Similarly,  the  urine  can  only  contain  the  absorbed  and  not  the 
chemically  uinlc<l  j-atrs. 

Ligature  of  the  Ureter. — 1  f  tlw  secretion  he  arrested  by  cocnprcsiion  or  by  ligature  of  the  ureter, 
the  lympb  spaces  of  the  kidney  become  fdled  with  fluid,  which  may  pass  into  the  blood,  so  that  the 
organ  becomes  (rdematou.s.  owing  to  the  passage  of  fluid  into  iL^  b-mph  spaces.  The  secretion  under* 
goes  a  change,  as,  first,  water  passes  back  into  the  blood,  then  the  sodic  chloride,  sulphuric,  and  phew* 
phone  aci4ls  diminish,  and  la-4ly  the  urea  yC.  Ladwig^  Max  Htrmanu).  Krealinin  ts  still  present 
in  considerable  amount.     There  is  no  longer  secretion  of  proper  urine  iLSMf\. 

Non  symmetrical  Renal  Activity.— It  is  rrmarkable  that  IxAh  kidneys  do  tiot  secrete 
symmetrically — there  i.>  an  allemotc  condition  of  h)-penrnua  and  »ecrelary  activity  on  opposite  sides 
{\  looi.  One  kidney  5ccrctc5  a  more  watery  urine,  which  at  the  same  time  contaias  more  NaG  and 
ures.  Von  W'ittich  ohservml  ihoi  the  i^ecretion  of  uric  acid  was  not  uniform  in  all  the  urinary  tubules 
of  the  same  bird.  Extirpation  of  one  kidney,  or  disease  of  one  kidney  in  man,  does  not  seem  lo 
dimtnl<sh  the  Mmrrdion  (  fCcsemlnn).     The  remaining  kidney  become*  more  active  and  larger. 

Reabsorption  in  the  Kidney.^ln  dimniMtng  ihe  secreikm  of  the  kidney,  we  must  attach 
con.>iderable  im]>ot1aTvce  to  Ihe  variations  in  the  calibre  of  the  renal  tubules  in  their  course.  Perhai* 
in  Ihe  narrowing  of  the  dc<»cend>ttg  pan  of  the  looped  tubule  of  Henle  there  may  be  either  a 
reabsorption  of  water,  so  that  ihc  urine  l>ecomes  more  concentrated,  or  there  may  be  absorption  even 
of  albumin,  which  may  perhaps  pa.<«.  through  the  glomeruli  in  nnall  amount,  ['lliat  reabsorption 
of  fluid  takes  place  within  the  kidney'  wa»  port  of  Ludwig'ii  theory,  which  u  practically  a  process  of 
6Uralicai  and  reabsorption.  HUfner  )x>inled  nut  that  the  structure  of  the  kidneys  of  various  daaies 
of  veitehrstes  corresponded  ckwely  wiiJiihe  requirwnenu  for  reabsorption  of  water.  Tlie  experiments 
of  Ribhert  show  that  the  urine  actually  secreted  in  the  cortex  of  the  kidney  is  more  watery  than  that 
secreted  normally  by  the  entire  organ.  He  extirpated  the  medullary  [Kirtion  in  rabbits,  leaving  the 
ccnkal  part  intaci.  and  In  this  way  collected  the  dilute  urine  from  the  Malpighiao  corpuscles  t>cfore 
it  paaaed  through  IIcntc'^  loopL] 

274.  FORMATION   OF   THE    URINARY  CONSTITUENTS.— 

The  fjucbliDii  li.is  often  been  discussed,  whether  all  the  urinary  constituents  arc 
inerety  excreted  through  the  kidneys,  i,  e.^  that  they  exist  preformed  in  the  blood; 
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or  whether  some  of  them  do  nof  exist  preformed  in  the  blood,  but  are  fo 
within  the  kidneys,  as  a  result  of  the  activity  of  the  renal  epithelium. 

Urea  is  formed  Outside  the  Kidney. — Urea  exists  preformed  io  ih 
blood,  from  which  it  ifi  separated  by  the  activity  of  the  kidney.  This  is  prove 
by  the  following  considerations  : — 

1.  The  blood  contains  one  part  of  urea  in  3000  lo  5000  ports,  bat  the  renal  vein  coouiu  leu 
urei  than  ilic  blood  of  the  corrcftponUiiig  aitciy. 

2.  After  extirpation  of  thr  kirlnc>'s»  or  nephrotomy,  or  after  ligature  of  the  renal  nsKbjbe 
amount  of  urcu  uccumulates  in  the  blood,  and  increases  with  the  duration  of  tlie  ckpaiaMil  la  ,}f 
Lo  iJIg.  At  the  snmi^  time  there  is  vomiting  mull  diorrfaira,  and  the  fluids  »o  vuidcd  cootalo  sfciiU 
Bernani).     Animals  die  in  from  one  to  three  days  after  the  operation. 

3.  After  bgature  of  the  ureters,  the  secretion  of  unuc  is  soon  arrested.  Urea  occmmilata  in 
the  blood,  but  not  to  n  grcAtcr  extent  than  after  nqihrotooiy.      It  is  poasible,  htiwever.  tfau  the 

_  kidne)-!),  hke  other  organs,  may  form  a  small  amount  of  urea,  due  to  ibe  metabolbm  of  tbdr  ovb 
'  tissues. 

[Urea  exists  in  the  blood  ;  whence  does  the  blood  derive  it?  It  canonI)r 
obtain  it  from  one  or  more  of  several  organs — (i)  muscle,  (2)  nervous  system, 
and  (j)  glands,  of  which  the  liver  is  the  most  prominent.  TTiis  is  best  staled  \>y 
the  method  of  exclusion.] 

[1.  'iliat  urea  i^  not  formed  in  muscle  is  shown,  among  cither  coruiderationt,  by  the  fact  Uiat  aalv 
a  trace  of  lu-ea  occun  in  muscle  ( {  293),  and  that  the  amount  is  not  increased  by  exercise.  Btocd 
which  bos  been  transfused  through  1  muscle,  or  the  blood  after  circulating  in  a  muKlc  dvii| 
violent  exercise,  does  not  contain  an  increase  of  urea,  nor  does  the  addition  of  ammonia  carboMtetO 
blood  circulating  through  muscle  shuw  any  increase  of  area.  Again,  muscular  exerUon  does  VA{^ 
a  rule)  incrcaK  the  amount  of  urea  in  the  urine,  a^  !>hown  by  the  experiments  of  Pick  andWnUoaw 
U  394),  Parkes,  and  others.  The  excretion  chiefly  increased  by  muscular  exertion  is  the  polnMurf 
OX  {\  127).] 

[2.  Fiom  what  we  know  of  the  nervous  system,  it  is  not  formed  there.  We  arc  therefore  foroeil » 
consider  the  evidence  as  to  tbc  liver,  as  the  organ,  or,  at  least,  the  chief  organ  in  which  it  is  fonnti 
Thi.s  evidence  is  in  some  resjjccis  coniradictury,  but  it  is  partly  experimental  and  partly  clmkaL 
Although  Hoppe  Seylcr  denies  the  existence  of  urea  in  the  liver,  us  existence  there  was  prcwJ  hf 
Cischcidlen;  and  Cyan,  011  pouitig  blood  through  an  exci^icd  liver  by  the  "  )xrrfutioti"  method  of 
Ludvrig,  found  that  blood,  after  being  passed  several  times  through  the  organ,  coninined  an  im.tttat^ 
amount  of  ur^a.  llie  objection  lo  these  experiments  is  that  Cyon's  method  of  estimating  tiirma 
was  unreliable.  But  von  Scbrocder,  usiing  a  similar  method,  fmds  thai  if  blood  be  perfnsed  ifarn^ 
the  liver  of  a  dog  in  full  digestion,  there  is  a  great  increase  in  the  amount  of  urea,  while  tktfti> 
none  in  the  liver  of  a  fasting  dog.  If  ammonia  cnrltonate  be  added  to  the  blood,  there  is  avrn 
much  greater  amount  of  urea  in  the  bhjod  of  the  hepaiic  vein.  This  last  fact  is  confirmed  by?isk» 
mon.  'lite  ex|)crimeuts  of  Minkowski  on  the  li%'cr  of  the  gooK  [\  386')  show  thai,  when  ibcli'^f 
is  excluded!  from  the  circulation,  lactic  acid  takes  the  place  of  uric  acid  in  this  bird-  HnMtfdd 
further  states,  that  if  the  region  of  the  liver  be  so  beaten  as  to  cause  congestion  of  thai  orguiilh'n 
is  an  increase  of  the  urea  in  the  urine.] 

[The  clinical  evidence  points  strongly  to  the  formQtion  of  urea  in  the  liver.  Parkes  poiaK^  < 
that  in  hepatic  abscess  during  the  early  congc^tive  stage,  the  uica  in  the  urine  is  increased,  «^^( 
is  diminished  in  the  suppurative  stage,  when  the  hepatic  parenchyma  is  destroyed.  The  tuei  ^i' 
diminished  111  cancer  of  the  liver,  pbthisu,  and  some  forms  of  hejulic  cirrhosis,  while  il  tsinOcnK 
during  hepatic  congestion,  and  ^[lecially  so  in  some  cases  of  diabetes  mellitus.  The  mow  striking  b(t 
of  all  is  that,  in  acute  yellow  atrophy  of  the  liver,  the  urea  is  cuonuously  dinvnisbed  in  tt< 
utine,  and  may  even  <Usap)K;ar  from  it  while  its  place  1%  token  by  the  inicrmediatc  prodacit> 
leucin  and  tyTosio  ft'.  /•rcncJis).  In  poisoning  by  phosjihorus,  coincident  with  the  atrophy  of  lot 
liver,  tl)«re  ib  n  fall  in  the  urea  excretion.  No£l-I*aton  linds  that  some  drugs  which  inereaK  ttx 
quantity  of  bile  in  dogs  in  a  state  of  N-equilihrium  ({  178),  /.i^.sodic  salicylate  and  beaw**- 
colchicum.  mercuric  chloride  and  cuoonymin  also  increase  ihc  urea  in  the  iiiiac.  he  iherw* 
concludes  "that  the  formation  of  urea  in  the  liver  bears  a  very  direct  relationship  to  the  sccreti'* 
bile  by  that  organ."] 


As  to  tlie  antecedents  uf  urea  there  is  the  greatest  doubt  (§  356). 


4 

1    litft-^ 


Uric  Acid  is  formed  Outside  the  Kidneys. — i.  Birds*  blood  normally  contains  unc 
{.\feisitier),  [The  liver  of  the  pigeon  contains  6  to  14  times  as  much  uric  acid  as  the  blooil.]  l^^ 
turc  of  the  ureters  or  renal  blood  vessels  (/Vic/mf^t,  or  gradua!  destruction  of  the  renal  '*^^^^. 
parenchyma  by  the  subcutaneous  injection  of  neutral  potassium  cbromate  (J£^tiein),  u  follow^  JL 
the  deposition  of  uric  acid  in  the  joints  and  tissues,  and  it  may  even  form  a  while  iocmsutii*'^ 
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ihe  Krans  metnlitmnes.  The  brain  remaiiu  free  \Z*tUtky^  Opp/er).  Acid  uraiei  of  ammoniBf  Mxte, 
■Rd  magne>in  art:  al*n  similarly  dqxHited.  Exttrpaiion  of  a  snake'ii  kidneys  give»  the  iomc  result, 
but  to  a  \e**  deijrrr. 

[Minkowski  fojnd  that,  afrer  excluding  the  1tv«r  from  the  circulation,  lactic  acid  look  the  place 
of  uric  aci<l  in  the  urine  i.p.  474).  Same  uii<:  acul  stitl  appejF&  in  the  u> inc.  which  cannot  be  derived 
from  the  small  amount  in  the  blood,  so  that,  occording  to  v.  Schroeder,  there  are  perhaps  other  foci  of 
fi^rmatioa  of  uric  acid.] 

[The  latter  experiment  poit^ts  to  the  formation  of  uric  acid  in  the  liver  in 
birds,  and  this  is  supposed  to  be  strengthened  by  the  appearance  of  the  deposition 
of  urates  in  the  urine  in  certain  disorders  of  digestion.]  Von  Schrocder  and 
Colasanti,  however,  as  the  result  of  their  experiments  upon  snakes,  come  to  the 
conclusion  that  ihere  is  no  special  organ  concerned  in  the  formation  of  uric  acid. 

Hippuric  acid  i&  partly  formed  in  the  kidney,  for  the  blood  of  herhivoni  dors  not  contain  a 
ixwccoi  \\.  {AfdnHfr  ami  Shfpard),  In  rabbii»,  perhaps  it  is  formed  synthetically,  in  other  tissues 
as  well  as  in  the  kidney.  If  blood  containing;  sodic  benzoale  and  glydn  he  piuied  through  the 
blood  vesiseU  of  a  fmh  kidney,  hippuiic  acid  is  formed  ^J  3^)  (^'*'*g'*  SiAmude^trg,  JCocks), 
[The  other  evidence  is  ^iven  in  {  ife.J 

Kreatinin  has  ituimole  relaUun*-  to  krentin  of  muscle,  but  where  It  is  formed  Is  not  known.  If 
phenol  and  [nmkotecbtu  arc  digc<»la)  along  with  fresh  rtHul  sulnianfe^  it  tompottmi  of  iutf>hurie 
ttcui  similar  to  that  occurring  in  uiinc  is  formed  (J|  262].  The  latter  substance,  however,  is  alw 
formed  by  similarly  digesting  liver,  (laiicreas,  and  mtucle.  It  is  concluded  from  these  exjicrimcnts 
thai  these  sulKtances  are  formed  in  the  Ixxly  within  the  kidneys  and  the  other  ofgan.s  mentioned 
\Kceks). 

Chemistry  of  the  Kidney. — The  kidncya  contain  a  very  larye  amount  of  waitT.  Besides  aenim 
albumin,  globulin,  albumin  soluble  In  sodium  carhonate  {Cottuuiit),  gelatin  yielding  subdonces,  fat  In 
the  epithdinm,  elastic  sub<.tance  detiveil  from  the  membrnna  propria  of  the  tubules,  (he  kidneys  con- 
tain leucin.  xanthin,  hypoxanthm,  krentin.  taurin,  inosti,  cysiin  {Uie  last  in  no  other  liquet,  but  only 
in  very  smalt  amount.  The  occuirencc  of  these  Bubatancei  puiiiis  to  a  lively  metaboll'im  in  the 
kidneys,  which  is  also  proved  by  the  hiicral  sujiply  of  blood  they  receive. 

Blood  Vessels. — The  kidnep  receive  a  very  large  supply  of  blood,  and 
during  secretion  the  blood  of  the  renal  vein  is  bright  red.  [In  the  dog,  the 
diameter  of  the  renal  artery  may  be  diminished  to  .5  mm.  without  the  amount 
of  blood  flowing  through  the  kidney  being  thereby  greatly  interfered  with. 
Hence,  within  wide  limits,  the  amount  of  blood  is  independent  of  the  size  of  the 
arterial  lumen,  and  is  therefore  defxindent  on  the  blood  pressure  in  the  aorta,  and 
the  resistance  to  the  blood  current  within  and  beyond  the  kidney  (Hfiii<nMaifi).'\ 

The  reaction  of  the  kidneys  is  aeiti,  even  in  those  animals  vbo«e  urine  is  alkaline.  Perhaps  this 
fact  is  connected  with  the  retention  of  the  altiumin  in  the  vends. 

t75.    PASSAGE    OF   VARIOUS    SUBSTANCES    INTO   THE    URlNE.—i.  The 

following  jt\il>^nncf<>  pasji  unchanged  into  the  urine  :  Sulphate,  borate,  -tilicate,  nitrate,  and  cartwn- 
ate  of  the  glkalics;  alkaline  chlnndc^.  bromides,  iodides;  potassium  »ulphocyanide  and  fcrrocyanidc; 
bite  talik,  urea,  kreatinin ;  cunmric,  oxalic,  cainptioric,  pyrogallic,  at>d  CArtwIic  acids.  Many  alkahitii^ 
/./.,  morphia,  urychnia.  curara.  quinine,  caffein:  f»igmen4s,  vulph  in  dilate  of  soda,  carmine,  mad- 
dtf,  )o£WOod,  coloring  maUer  uf  cranberries,  cherries,  rhubarb;  Nonlonin;  lastly,  salu  of  gold,  silver, 
racTcnry,  antimony,  arsenic,  liiunuth,  iron  (but  not  lead),  atlhot^h  the  Ercalcsl  part  of  these  is 
excreted  by  the  bile  ami  the  farces. 

2.  Inorganic  acids  reappear  in  man  and  camivora  as  neutral  nalLs  of  ammonia,  in  hcrbivora,  as 
neutral  salts  of  the  alkalies. 

3.  Certain  sutMtnnces  which,  when  injected  in  «inall  amount,  seem  to  be  decotnpoaed  in  the 
btood,  pau  in  part  into  the  urine,  when  they  occur  in  such  large  amount  in  the  blood  that  they  can- 
not be  compleiety  decomposed — sugar,  hA-rooglobiu,  egg  albumin,  alkaline  &alts  of  the  vegetable 
acids,  alcohol,  chlorofoim. 

4.  Many  substances  appear  in  an  oxidised  form  in  the  urine — moderate  quantities  of  organJe 
alkaline  Raits  as  alkaline  cart>onate!i  (  W&hler),  uric  acid  in  part  as  allantoin  {Salkeunki)^  snlphidev 
aitd  sulphites  of  soda,  in  part  as  sodium  sulphate,  potassium  nilphide  as  potns<'ium  sul[»hair.  some 
oxydttis  a»  osidcs,  beniol  as  phenol  yNaumyn  anJ  SiAn/ttM), 

5.  Those  bodies  which  ore  completely  decomfw^ed,  as  glycerin,  resins, give  rise  to  no  -(pecialderiva- 
in  the  urine. 
Many  sutistances  combine  and  appear  as  coningated  compoundt  in  the  urine,  /■  ^.,  the  arijpn 

the  hippuric  acid  by  coaiugatioa  li  260),  the  conjugation  of  sulphonic  acid  U  262),  and  the  forma- 
ifon  of  urea  hf  qmihesis  mtm  carbsmic  acid  and  aiiunonia  (/Jrr^Atf/)  (\  t$o).     .^Acr  the  use  of 
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cainpbor,  chlornl;  or  luij'lchloral,  a  conjugated  compound  wiUi  glycuroaic  meH  (aa  tod  Kafir 
related  to  su^or)  appears  in  the  urine.  Taurin  and  sarcosin  unite  with  sulpbamimc  add.  Vllvii 
bromophenol  is  jjiven,  it  unilcswilh  mercnpturic  acid,  a  lx>dy  nearly  related  to  cyslin  ((  26S)  | 

7.  Tannic  aci<l,  Cj^I  Ij^Og,  take«  up  1  Ijl^),  and  is  decomposed    into  two  molecule*  of  gallic  tai  ■  < 

8.  Thv  iodatea  of  polasb  and  wda  are  reduced  to  iodides:  inalic  acid  (C,H«0^|  pMll^  H 
succinic  add  (C.H^Of) ;   indiga-blne  (C^ Hi-NjO,)  takes  up  hydrogen  and  beccxDea  indigot"" 

(C,„II„N,(),). 

9.  Some  siilwlancpii  do  not  pass  inio  the  urine  at  all,  f.^.,  oils,  iniolulile  metallic  sails,  inH  mfUU.  ] 

276.  INFLUENCE  OF  NERVES  AND  OTHER  CONDITIONS- 

At  present  we  are  acijuainted  merely  with  the  influence  of  the  vasomotor  ner> 
on  the  filtration  of  the  urine  through  the  renal  vessels.   £ac/t  kidney  ^eemstobc 
supplied  with  vasomotor  nerves,  which  spring  from  fio//t  halves  of  the  spinal  cord 
{Nicohiiiis).     As  a  general  rule,  dilatation  of  the  branches  of  the  renal  artery, 
chieAy  the  vasa  afferentia,  must  raise  the  pressure  within  the  glomeruli,  and  ihut 
increase  the  amoimt  of  water  filtered  through  them.     The  more  the  dilatation 
confined  to  the  area  of  the  renal  artery  alone,  the  greater  is  the  amount  of  li 
urine.     [As  yet  we  know  the  nervous  sj-steni  influences  the  secretion  of  urine  only 
in  so  far  as  it  modifies  the  pressure  and  velocity  of  the  blood  current  in  the 
kidney.     We  have  no  satisfactory  evidence  of  the  existence  of  direct  secretor) 
nerves  in  the  kidney.] 

1.  Renal  Plexus  and  its  Centre. — Section  of  the  nerves  of  the  renal  plexos 
— the  nerves  arutind  the  renal  artery — generally  causes  a  considerable  increase  io 
the  secretion  of  urine,  hydruria  or  polyuria;  sometimes,  on  account  of  the  grcit 
rise  of  the  pressure  within  the  jjlomeruli,  albumin  passes  into  the  urine,  and  tbcrt 
may  l>c  rupture  of  the  vessels  of  the  glomeruli,  leading  to  the  parage  of  blood  ioto 
the  urine.  The  nerve  centre  for  the  renal  nen-es  lies  in  the  floor  of  the  fotnth 
ventricle,  in  front  of  the  origin  of  the  vagus.  Injtiry  to  this  [lart  of  the  floorofilie 
fourth  ventricle.  <r.  g.^  by  puncture  (piqOre),  may  increase  the  amount  of  ttrioe 
(diabetes  insipidus)^  which  is  sometimes  accompanied  by  thesniiultaneousappcif- 
ance  of  albumin  and  blood  in  ihe  urine  (C/.  Bernard).  Section  of  the  i»artswl»th 
lie  directly  in  the  course  of  these  fibres,  as  they  pass  from  their  centre  to  ihekidnevi 
produces  the  same  eflects.  Close  to  this  centre  in  the  medulla.  li«  the  centre  for 
the  vasomotor  nerves  of  the  liver,  whose  injury  causes  diabetes  meUitus  i§  175 '■ 
Eckhard  found  that  stimulation  of  the  venniform  process  of  the  cerel.»enum  pw- 
duced  hydniria.  In  man,  stimulation  of  these  parts  by  tumors  or  intlamniation. 
etc.,  produces  similar  results.  ^ 

2.  Paralysis  of  Limited  Vascular  Areas. — Tf,  simultaneously  with  tJie^ 
paralysis  of  the  nerves  of  the  renal  artery,  the  nerves  of  a  neighboring  large  vascu- 
lar area  be  paraly/ed,  necessarily  the  blood  pressure  in  the  renal  artery  area  will  wt 

be  so  high,  as  more  blood  flows  into  the  other  paralyzed  province.  Under  these 
circumstances,  there  may  be  only  a  temporary,  or,  indeed,  no  increase  of  "nn<i 
provided  the  paralyzed  area  be  sufficiently  large.  There  is  a  moderate  increase  0* 
urine  for  several  houre  after  section  of  the  splanchnic  nerve.  Thisnervecoi- 
tains  the  renal  vasomotor  nerves  (which,  in  partj  at  least,  leave  the  spinal  turdal 
the  first  dorsal  nerve  and  fxiss  into  the  sympathetic  nerve),  but  it  also  contaiitf  ^1^ 
vasomotor  ner^  es  for  the  large  area  of  the  intestinal  and  abdominal  viscera.  Stimu- 
lation of  this  nene  has  the  opposite  effect  (CA  Bernard^  E^kkara),  ['ITw pol)**^' 
thus  produced  is  not  so  great  as  after  section  of  the  renal  nerves,  because  jnc 
splanchnic  supplies  such  a  large  vascular  area,  that  much  blood  accuirrulates  in  * 
area,  and  also  because  all  the  renal  ner\'es  do  not  run  in  the  splanchnic-s.] 

3.  Paralysis  of  Large  Areas. — If,  simultaneously  with  (.>aral>-sis  ol  the  rcnil 
nerves,  the  great  majority  of  the  vasomotor  nerves  of  the  body  be  paralyzed  [a*  ^I' 
section  of  the  medulla  oblongata],  then,  owing  to  the  great  dilatation  of  all  tl*^ 
ves.seis.  the  blood  pressure  falls  at  once  throughout  the  arterial  system.  The  rt** 
of  this  may  be,  provided  the  pressure  Is  sufficiently  low,  that  there  is  a  great  detrt*'* 
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or,  it  may  bt,  entire  cessation  of  the  secretion  of  urine.  The  secretion  is  arrested 
when  the  cerv leal  cord  is  completely  divided,  down  even  as  far  as  the  seventh cer\i- 
cal  vertebra  i^E^khani).  The  polyuria  caused  by  injury  to  the  floor  of  the  fourth 
ventricle  at  once  disapixrars  when  the  spinal  cord  (even  down  to  the  twelfth  dor&al 
nerve)  is  divided. 

[4.  Other  Conditions. — As  already  stated,  section  of  the  renal  nerves  is  fol- 
lowed by  polyuria,  owing  to  the  increased  pressure  in  the  glomeruli,  but  this 
poUairia  may  be  increased  by  stimulating  the  spinal  cord  below  the  medulla 
oblongata,  because  the  contraction  of  the  blood  vessels  throughout  the  body  still 
further  raises  the  blood  pressure  within  the  glomeruli.  If,  however,  the  spinal 
cord  be  divided  below  the  medulla  oblongata — the  renal  nerve  being  also  divided 
— lhei>olyuria  ceases,  because  of  the  fall  of  the  general  blood  pressure  thereby 
produced.  Division  of  the  spinal  cord  in  the  dorsal  region  also  diminishes  or 
arrests  the  secretion  of  urine,  owing  to  the  fall  of  the  blood  pressure  ;  but  animals 
recover  from  this  operation,  the  general  blood -pressure  rises,  and  with  it  the 
secretion  of  urine.  Stimulation  of  the  cord  below  the  medulla  arre:als  the  secre* 
tion,  as  it  causes  contraction  of  the  renal  arteries  along  with  the  other  arteries  of 
the  body.] 

[Volume  of  the  Kidney — Oncometer. — By  means  of  the  plelhysmograph 
(§  101)  we  can  measure  the  variations  in  the  size  of  a  limb,  while  by  the  oncograph 
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FiC   396.— Oncioni«t«T.     K,  kldacy ;  the  thick  ilne  ti  i(ic  mcnUtc  opuiU ;  A,  hi.ifv  ;  I,  itibc  lor  fiUing  appantut ; 

T,  lobe  to  coancct  wHli  T, ;  •,  r.  m.  anery,  vrin,  ureter  {Stirlimg,  a/irr  Hoy). 
Fic    iSt — Oncngrapti.     C,  cKuabcr  filled  with  oil,  communiotinf  by  T,  with  T;   /,  pblon ;  /,  wHtinc  lever 

(6fxn^^  volume)  similar  variations  in  the  volume  of  the  spleen  are  measured  (§  103), 
Roy  and  Cohnheim  have  nica.surcd  the  variations  in  the  volume  of  the  kidney  by 
means  of  an  instniment  which  consists  of  two  parts,  one  termed  the  oncometer 
or  renal  plethysmometer,  in  which  the  organ  is  enclosed,  while  the  other  |)art 
is  the  registering  j^irtion,  or  oncograph.  The  kidney  is  enclosed  in  a  kidney- 
shaped  metallic  capsule  (Fig.  2?i6),  comi>oscd  of  two  halves  which  move  on  the 
hinge,  fi,  to  introduce  the  organ.  The  renal  vessels  i»ass  out  at  a,  p.  The  kidney 
is  surrounded  with  a  thin  membrane,  and  between  this  membrane  and  the  inner 
surface  of  the  capsule  is  a  spare  filled  with  warm  «/ through  the  tul)e,  I.  which  is 
closed  by  means  of  a  5toi>-cock  after  the  space  is  filled  with  oil.  The  tube,  T,  can 
be  made  to  communicate  with  another  tube,  T,,  leading  into  a  metallic  chamber, 
C,  of  the  oncograph  (Kig.  287  1.  which  is  provided  with  a  movable  piston,/, 
attached  by  a  thread  to  the  writing  lever,  /.  Any  increase  in  the  size  of  the  organ 
expels  oil  from  the  chamber,  O.  into  C.  and  thus  ihe  piston  is  raised,  while  a  dimi- 
nution in  the  size  of  the  kidney  diminishes  the  fluid  in  C,  and  the  lever  tails.  The 
""Ctnal  volume  of  the  living  kidney  depends  upon   the  state  of  distention  of  its 
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structural  elements,  upon  the  amount  of  lymph  in  its  lymph  spaces,  but  chiefly  opoD 
the  amount  of  blood  in   its  blood  vessels,  and   this  again   must  depend  open  the 
condition  of  the  non-strif»ed  mustlcs  in  the  renal  arteries.     When  the  vessels  dilate, 
the  kidney  increases  in  size,  and  when  they  contract  it  contracts,  so  that  we  caul 
register  on  the  same  revolving  cyhnder  the  variations  of  the  volume  at  tbesmctiniej 
that  wc  record  the  general  arterial  blood  pressure.] 

[In  the  normal  circulation  through  the  kidney,  the  kidney  curve,  1. 1.,  the] 
curve  of  the  volume  of  the  kidney,  runs  paraIk-1  with  the  blood-pressure  curve, 
shows  the  large  respiratory  undulations,  as  well  as  the  smaller  elevations  due  in  i 
systole  of  tlie  heart  (Fig-  2S8).  Usually,  when  the  blood  pre>sure  falls,  the  IcidncfJ 
cnr\'e  sinks,  and  when  the  blood  i)ressure  rises  the  volume  of  the  kidney  incrra*vj 
When  the  bkK>d-pressure  curve  is  (■onii>licated  by  Traube-Hering  wave*  (^  851 
opptysite  effect  is  produced  on  the  kidney  curve ;  the  highest  blood  pirrssurr  cnne-l 
sponds  to  the  smallest  size  of  the  kidney,  and  conversely.  This  is  due  to  the  bet] 
that,  when  these  curves  occur,  all  the  small  arterioles,  including  those  in  thckidiujr, 
are  contracted.  .'\  kidney  placed  in  an  nnrometer  secretes  urine  like  a  kidney  ODckr  ' 
natural  conditions.] 

[Arrest  of  the  respiration  in  a  curarized  animal  produces  a  rapid  and  pal 
diminution  of  the  volume  of  the  kidney,  caused  by  the  venous  blood  stimubcing  (he 
vasomotor  centres,  and  thus  contracting  the  small  arterioles,  including  those  (^the^ 
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B.  P.,  Bloodprciiurc  curve;    K.,  curv«  of  the  volume  of  the  kidney;   T.  itme  curve,  iHtervab  Indlcuctf^"**^ 
■  minute ;  A,  «bacU>a  i^Slir/img,  s/itr  Roy). 

kidney.     This  result  occurs  whetlier  one  or  both  splanchnics  are  divided,  pcwiog 
that  all  the  vasomotor  nerves  of  the  kidney  do  not  reach  it  through  the  spUnchnics-i 
When  <r//the  renal  nerves  at  the  hilum  are  divided,  amrst  of  the  respiration  cattcil 
dilatation  of  the  organ,  which  condition  runs  |»arallel  with  the  rise  of  the  blood 
pressure.     Stimulation  of  a  sensory  nerve,  e.  g.,  the  central  end  of  the  sciatic  DeffC, 
while  causing  an  increase  of  the  blood  pressure,  makes  the  kidney  shrink.] 

[In  poisoning  with  strychnin,  the  kidney  shrinks  while  the  hlr>od  prcssurr  risei! 
Stimulation  of  the  central  or  |)eripheral  end  of  the  splanchnics,  divided  ai  ll*j 
diaphragm,  causes  contraction  of  ihe  renal  vessels  of  both  sides  :    the  former  is*  f^M 
flex,  the  latter  a  direct  effect.     Stimulation  of  the  jjerlpheral  end  of  <»/f^ splandw*  f 
sometimes  affects  both  kidneys.     Stimulation  of  the  |)eripheral  end  o{  the  wa 
nerves  always  causes  a  tliminiition  in  the  vnliune  of  the  kidney,  so  that  Cohnheiifl  ^^ 
Roy  inferred  that,  although  there  was  evidence  of  the  existence  of  vasomotor  »™ 
sensory  nerves  lu  the  kidney,  they  found  none  of  vasodilators.      Ka- li  kidiKT  ' 
acts  inde|H.'ndently  of  the  other.     Sudden  compression  of  one   renal  artery  ha.^B"* 
the  slightest  efTfut  upon  the  blood  current  of  the  other  kidney.     If  a  kidney  t*  "' 
posed  in  an  animal,  by  making  an  incision  in  the  lumbar  region,  on  .stimulating t***^ 
medulla  oblongata  directly  with  electricity,  we  may  observe  the  kidney  iLjclflw*^"" 
ing  paler,  the  [xiUor  ap|»earing  in  a  great  many  small  sjxjts  on  the  sur&ce  of  the  o^- 
corresponding  to  the  distribution  of  the  interlobular  arteries.] 

[Cohnheim  showed  that  the  composition  of  the  blood  has  a  remarkable  f**^* 
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on  the  renal  circulation.  Some  substances  (water  and  urea  ),  when  injected  into  the 
blood,  cause  the  kidney  first  to  shrink  and  then  to  expand,  while  sodic  acetate  dilates 
the  kidney,  even  after  all  the  renal  nerves  arc  divided — an  o]>eration  which  is  very 
difficult  indeed.  Provided  all  the  renal  nerves  l>e  divided,  these  effects  would  indi- 
cate the  existence  of  some  local  intra-renal  vasomotor  mechanism  governing  the  renal 
blood  vesseU.  'ITie  general  blood  pressure  is  not  thereby  modified  ;  nor  need  we 
wonder  at  this,  as  ligature  of  one  renal  artery  does  not  increase  the  pressure  in  the 
aorta.] 

[The  reciprocal  relation  between  the  skin  and  the  kidneys  is  known  to  every 
one.  On  a  cold  day,  when  the  skin  is  pallid,  owing  to  contraction  of  the  cutaneous 
vessels,  the  amount  of  urine  secreted  is  great,  and  conversely,  in  summer  less  urine  is 
passed  tlian  in  winter.  Washing  the  skin  of  a  dog  for  two  minutes  with  ice-cold 
water  causes  a  great  contraction  of  the  kidney.] 

The  perfusion  of  blood  through  a  living  excised  kidney  is  materially 
influenced  by  the  substances  mixed  with  the  blood  perfused.  This  effect  may  in 
part  be  due  to  the  action  of  these  chemical  ingretiients  upon  the  nuclei  of  the  endo- 
thelial lining  of  the  blood  vesels.  especially  the  capillaries,  or  the  effects  upon  the 
muscular  fibres  of  the  blood  vessels. 

[Sbychnin  »eefii&  to  cau^  contraction  of  the  renal  vessels,  independently  of  its  action  on  tlie 
gcnen)  vasomotor  centre.  Bnintoo  and  Power  found  that  dlgitalb  caused  an  increase  of  the 
blood  prcaaure  (dog),  hut  the  secretioa  of  urine  was  cither  at  the  »me  time  diminished,  or  it  ceased 
altogether.  The  Imtrr  rr<«iili  was  due  lo  contractioa  of  the  renal  blood  veucls,  but  when  the  aortic 
blood  pressure  began  to  fidl.  the  amount  of  urine  secreted  rose  much  above  normal,  i.  /.,  when  the 
arteries  had  be|;nn  to  relax.] 

DurinfT  fever,  the  rrnat  vrviels  are  probably  coolrocted  in  con«ec|oence  of  the  ftimulotton  of  the 
renal  ceiiur  by  the  abnonnally  warm  Uood  {Af<ni/eh(>n). 

The  rrjwolcd  rctjiiralioii  (,>f  C'<  >  i*-  said  lo  produce  ptilyuria,  jjcdiaps  in  con*e<|ucnce  of  paralvitiK  of 
the  renal  va!iomc<(w  centre. 

Action  of  the  Va^ua. — Accurding  to  CL  Bernard,  stimulation  of  the  rogm  at  the  cardia  in- 
creases the  urinary  secretion,  whiir  at  the  same  time  the  blood  of  the  renal  vein  becomes  red.  Thb 
nerve  ma^'  contain  vaso-dilalur  nerve  fibres  corre^jooding  to  the  tibre»  in  the  facial  nerve  for  the 
aalivary  gland"  [\  145)- 

277.  UREMIA— AMMONIAMIA.—Symptoint  of  UrKroia.— \fter  exci&ioo  of  the 
kidneys,  nephrotomy,  or  liKnture  of  the  ureter;  in  man,  also,  as  a  result  of  certain  diseased  con- 
ditiocisofthe  kidney,  leading  to  the  t.upprcs>>ion  of  ihc  secretion  of  urine,  there  is  developed  a  series  of 
charocSeriktk  symptoms  which  are  followed  by  death.  The  condition  is  called  nnrmic  intoxication  or 
itrtmia.  There  ore  markedcerebral  phenomena,  drowsiness,  and  deep  coma,  and  occa^onally  local 
*»  more  general  spasmi.  .'^melimes  there  Is  (///jWww;  Chcyne-Stokcs  phenomenon  i.t  often  observed 
({  III,  111,  and  there  may  be  vomiting  and  diorrhrta,  while  in  the  Boids  voided,  as  well  as  in  the 
expired  air,  ammonia  may  sometimes  be  detected. 

The  cauae  of  these  phenomena  has  been  ascribed  to  the  retention  in  the  Wood  of  those  ftuhsionces 
which  iiurmally  are  excreted  tiy  the  urine,  but  u  yet  it  has  not  been  definitely  ascertained  which  of 
the?»e  »ulMlaDcrs  cause  the  phenomena  ; — 

1.  The  hrst  thought  is  to  ascribe  them  to  the  retention  of  ihe  urea.  v.  \  oit  found  that  dogi  ex- 
hibited urnrmic  svmpioms  if  they  were  fed  tor  a  long  lime  on  food  containing  urea  and  little  water. 
Meissner  found  tKat  in  ncphrotomlf ed  animals,  the  uremic  symptoms  were  hastened  t>y  the  injection  of 
urea  into  the  blood.  The  injeciion  of  a  moderate  amount  of  urea  bi  perfectly  healthy  onimoU  Is  not 
followed  by  urrmic  symptoms,  probably  because  the  urea  is  rapidly  exoreted  \rf  the  kidneys;  1  to  a 
grms.  [15  lo  30giains]  so  injected  produce  comatose  symptoms  in  rabbits. 

2.  The  injection  of  ammonium  carboiiate  prodtKCS  symptoms  resembling  thone  of  urrrmia,  to 
that  V.  French^  ilvought  thai  the  urea  was  decomposed  in  the  blood,  yielding  ammonium 
carl>onatc — ammonisemia.  I^emjnnkow  ffbscrred  unemic  phenomena  after  nephmtumy.  i(  al  the 
time  he  injected  urea  frrment  into  the  blood  (|  26j).  I'cltz  and  Kilter  obtained  anemic  symptoms  in 
dogs  by  injecting  salts  of  ammonia. 

3.  As  ligature  of  the  ureters  produces  a  oooialose  conditkm  in  those  animals  which  excrete  chiefly 
uric  odd  in  the  urine — f.g..  tnrds  and  snakes  {^Zalesky) — it  is  possible  that  other  substances  may  \m- 
duce  the   poisonous  ^ymplom».     The  injection  uf  krealliun  causes  feebleness  and  comraction  of  the 

UMttcles  in  dng*  1  .\fritsMfr\.     Bernard,  Traubc,  and  more  recently  Felti  and  Rittcr,  HMJibe  the  s>*inp- 

ilo  an  accumulation  of  the  neutral  potassium  salt*  in  the  blood  {\  ^\\.     The  injection  of  krcatin, 

acid  {Ateiuner),  uric  ocid.  and  sodic  urate  {A'aMJte),  is  without  effecL     Scboitin  and  Oppler 

aacribc  the  rrsalts  lo  an  accumulation  of  normal  or  abnormal  extrattivex.     It  ii  poonble  that  several 
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substances  and  Ihdr  deconiposition  products  contribute  to  produce  tbe  remit,  so  that  there  »  a  cm 
btncd  actioD  of  scvcra]  factors,  but  (Krha{J!i  the  retention  of  the  foUsh  tafit  play?  the  nmiofalat 
part. 

'llie  direct  application  oT  uMtic  ordinary'  5ub«tuicc!i  (kreatintn,  kreatin,  scid  potOAiic  phoipbflle,  ma] 
lo  the  surface  of  ibe  crrebnim  cauKc-s  sll  the  K>-mptoms  of  ur.cmta.     Uren  is  inactive,  tad  diglittj'aati' 
are  ammonium  and  soAxq  cfirlxjnatc,  Icucin,  NaCl,  KCI  iLanii<Hi). 

[Alkaloids  in  Urine, — t^utnan  urine,  ontl  e.s]}ecia11y  febiite  uiine,  when  injected  under  tlieiiia 
oiitogs  or  rabbit*,  nets  as  a  poison,  and  even  causes  death,  by  arrci^ing  the  respiiattoa.  ThrtfluUtli 
seem  to  be  fonned  by  the  action  of  vegetable  oro;ani-%ms  in  the  intestine,  whence  they  we  ahsorbcd  into 
the  blood  and  pau  into  the  urine  (^  i  i6t.  Urine  rendered  oolorIea&  by  charcoal  loses  half  ttttoiK 
power,  find  the  poisonous  i^ubittancc  is  not  volatile,  and  ereo  resists  hwling.  These  alkaUdt  ttt 
increased  in  the  urine  in  typhoid  fever,  pneumonia,  but  not  in  diJjctcs.] 

AinmoniKmia.— When  urine  undergoes  the  alkaline  femieniaiion  wiihin  the  hbuldfr,  od 
ommuiiiun]  carbunate  is  formed,  the  ammonia  may  be  alnortied  and  produce  Ihu  cmmIiuco. 
The  breath  and  excretions  smell  strongly  of  ammonia;  the  mouth,  pharynx,  and  ikin  arc  »«y 
dry ;  there  is  vomiting,  with  diarrhrea  or  conatipoiion,  while  ulcere  may  fonn  in  the  iatobK. 
Tbe  patient  rapidly  l<wc5  flesh,  and  death  occurs  without  any  disturlMincc  of  the  mental  ^urulttcL 

Uric  Acid  Diathesis. — When  too  much  nitrogcnoui^  food,  too  much  of  nny  alcoholic  'luid,  is  yet- 
sislently  use^l,  and  Uille  nmscular  exercise  taken,  rspccially  if  the  rcsptratory  organs  are  iuieiferp]  wiili, 
luic  acid  may  not  unfrei|uent!y  accumulate  in  the  blood  {Giirrtu/).  It  maybe  deposited  ia  ihc/oiflU 
and  their  ligaments,  especially  in  (he  font  anil  han<l.  giving  Hm:  lo  [Munful  innammation,  and  (oraaB| 
gout  stones  or  chalk  stones.  The  heart,  liver  and  kidncj-s  are  rarely  affected.  The  tii&uck  oeartbae 
deposits  midergu  necra>iK. 

278.  STRUCTURE  AND  FUNCTIONS  OF  THE  URETER.  —  Mucoui  Mem 
branc. — Tlie  pelvis  of  the  kidney  and  ihc  ureter  are  lined  by  a  mitiHus  memhrane,  cotisistiM  crfe» 
oective  tissue,  and  covcre<l  with   licvcral  layen  of  stratifietl  **  transitional "  epithelium  <.!*■(■  ^90). 


Fia  2S9. 
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TraMvcnc  HCtkn  of  th«  lower  p*rt  of  human  urater,  X,  ts.   /.  epilhclium ;  /,  tunica  propvta :  f.  wA^msm''  " 

r,  iDnjitudiniil  atxl  circuliir  fibrca. 

The  cells  are  of  vorious  iihapcs,  those  of  the  lowest  layer  being  usually  mere  or  leat  iphtf"*  "^ 
smftll,  while  many  of  the  celhi  in  the  upper  layers  arc  ixregular  in  shape,  often  with  Uij  p<«<** 
passing  into  the  dcejKT  layers.  ^ 

Sub-mucosa. — ^Undcr  the  epithelium  there  is  a  Uyer  of  adenoid  tiwue  (//.»<w^«»»/'^' '■,'!' 
which  may  contain  small  lymph  follicles  [embedded  in  loose  connective  li&sue].  In  the  peW**  f' '" 
kidney  and  ureter  there  are  a  few  small  mucous  glaniU  lined  by  a  single  layer  of  columaar  Q'ill^''*^ 
{UnruA,  Sgli).  ^^ 

Tlie  muscular  coat  consists  of  an  inner  somewhat  stronger  layer  of /cw^rw^ffW  nrw^**" 
ftbfes,  and  an  outer  circular  layer  {  Fig.  289K      In  the  lowest  third  of  the  ureter  ihcrr  arc  in  wWi"**' 
number  of  scattered   muscular  fibres.     All  these  layers  are  sturuunded  and  supjmrted  hrco""'*"" 
tisne.     The  outer  layers  of  the  connective  tissue  forra  an  outer  coat  or  ad  ventitia,  which  ccnu** 
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kcge  vessels  and  a«rvea.  The  various  coats  of  ibe  ureter  can  be  ToUowed  up  to  the  pelvis  of  the  kid- 
ney, and  to  its  caliccs.  The  papilkc  arc  covered  only  by  the  mucous  membrane,  while  the  muscular 
layer  ceaaca  at  the  apex  of  tlie  pyiauiidf,  where  ihcy  are  dujwscd  clrculnrly,  to  form  a  kind  of  spkincUr 
muscle  for  each  pnpilln  {HenU). 

The  blood  veasela  supply  the  various  coots  and  form  a  capillary  plexus  under  the  epitheliam. 
The  aervea  arc  not  vct)*  numerous,  but  the)' contain  medulUted  (few)  and  non-mcdutlftted  fibres, 
with  oarDcnittS  ganglia  scattered  in  their  course,  'lliey  are  partly  mctcr^  and  supply  the  rausotlar 
layers,  and  some  pass  toward  the  epiihelium,  and  are  lensory  and  txtUa-rtflfx  in  fuDction.  These 
iterves  are  excited  when  a  calculus  passes  along  the  urelcr,  and  thus  give  rise  to  severe  pain.  The 
ureter  pts^orates  the  wall  of  the  bladder  obliyutly.  The  inner  opening  is  a  narrow  slip  in  the 
mucotu  nMmbranc,  directed  downward  and  inward,  and  provided  witb  a  pointed,  valve-like  process 
t  Fig.  291). 

Movement  of  the  Urine. — The  urine  is  profwilcd  along  the  ureter  thus: 
(i)  The  stiTclion,   which  is  continually  bt:ing 

fonnetl    imder    a    high    pressure    in    tlie    kid-  *'""^-  *9**. 

ney,  propels  the  urine  onward  in  front  of  it, 
as  the  urine  is  under  a  luvv  pressure  in  the  ureter, 
(a)  Gravity  aids  the  passage  of  the  urine  when 
the  i)erM>n  is  in  the  erect  posture.  (3)  The 
muscles  of  the  ureter  contract  rhythmically  and 
peristaltically,  and  so  propel  it  toward  the  blad-  ^IS^g^  ^  ^, 
der.  This  movement  is  reflex,  and  is  due  to  the  '  J  ^  ^ V 
presence  of  the  urine  in  the  ureter.  Every  three- 
tiuarters  of  a  minute  several  dro[is  of  urine  pass 
into  the  bladder.  Bui  the  fibres  may  also  be 
excited  directly.  The  contraction  |)asses  along 
the  tube  at  the  rate  of  ao  to  30  mm.  |ier  second, 
always  from  al»vc  downw'ard.  The  greater  the 
tension  of  the  ureter  due  to  the  urine,  the  more 
rapid  is  the  perisultic  movement.  TraB»iiio...i«i>iih<:][uwfroB,it«t>uiiJcr.   M.py 

r  I  Di  Inc  urge  crlU  lie  upuii  ihe  lumrail  ta  UM 

cotumoar  »nd  oiucUle  CcU>,  and  ttcpraiioRS 

Local  Stimulation. — On  applying  a  siimulux  to  the        ar««ecn  nn  ihcir  under  tutbce. 
ureter  directly,  (he  cuntraction  passes  boUi  upward  and 

downward.  Engrlmanii  oli»trved  that  the  movements  occur  in  parts  of  (he  ureter  where  neither 
nerves  nor  gar^Iia  were  to  be  found,  and  he  coiKluded  that  the  loovcment  was  profiogated  by 
"  muacular  conduction."  If  this  be  so,  then  an  impulse  nuy  be  pronogiiled  from  one  non-striped 
muscular  cell  to  another  witliout  the  interveniion  of  nerves  (sec  1  lean.  \  58,  I,  3). 

Prevention  of  Reflux. — The  urine  is  prevented  from  exerting  a  backward 
pressure  toward  the  kidneys:  (i)  The  urine  which  collects  in  the  pelvis  of  the  kid- 
ney is  untlcr  a  liigh  pressure,  and  thus  tends  tmiformly  to  compress  the  pyramids, 
so  that  the  urine  cannot  jkiss  into  the  minute  orifices  of  the  urinary  tubules, 
(j)  When  there  is  a  considerable  accutnulation  of  urine  in  a  ureter,  e.  g..  from  the 
presence  of  an  impacted  calculus  or  other  cause,  there  is  also  more  energetic 
peristalsis,  and,  at  the  same  time,  the  circular  muscular  fibres  round  the  apires  of 
pyramids  compress  the  p)Tamids  and  prevent  the  reflux  of  urine  through  the 
collecting  ttibulcs.  The  urine  is  prevented  from  ija»iing  back  from  the  bladder 
into  the  ureter,  the  wall  of  the  bladder  itself,  and  the  latrt  of  the  ureter  which 
jiases  through  it,  are  compressed,  so  ihat  the  edges  of  the  sht-like  opening  of  the 
ureter  are  rendered  more  tense,  and  are  thus  approximated  toward  each  other  (Fig. 
291). 

ayg.  URINARY  BLADDER  AND  URETHRA.— Structure.— The  mucous  mem- 
brane of  the  blikd'lcr  resembles  that  of  the  ureter;  ihc  upper  layers  of  the  stratified  transitional 
e|atbcliuni  arc  tlnttt-tird.  It  is  obvious  that  the  form  of  the  ceils  miut  vary  with  the  Mate  of  distention 
nr  iODtraclinn  of  tiic  bUddcr.  [The  mucous  membrane  and  muscular  coat&  arc  thicker  than  in  the 
urdrr.     Tlirrr  arc  mucous  glancu  in  tlie  mucoiu  membrane,  especially  near  the  neck  of  the  bladder.] 

Sub-mucou&  Coat. — There  is  a  layer  of  delicate  librtllar  connective  tissue  mixed  with  ekulic 
ftbres  between  the  mucous  and  muscular  layera. 

3» 
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[The  serous  coat  U  continuous  with  and  has  the  same  structure  u  the  pcritODeuni,  aodilcoHn 
only  ihe  iKiMcrior  and  upper  half  of  the  orjjnn.] 

Musculature. — The  nonstri/vt/  muscular  tibrcs  are  arranged  in  bundle*  m  sereraJ  Uymvin 
exUrnal  lan^iuniinal  layer,  best  developed  on  the  anterior  and  posterior  Hufacea,  and  ui  nmif 
drcuiar  layer,  [nctwecn  the*c  two  is  un  o6/ii/ue  layer.]  There  arc  otht-r  bundles  of  miwulir 
(ibtet  nrranged  tn  dilTeient  directiona.  Physiologically,  the  musculature  of  the  bladder  repivKaii 
a  single  or  common  hollow  mui^clc,  whooe  function  when  it  contracts  is  to  dinuntsh  uniforoily  tl^J 
size  of  the  bladder,  and  thu»  to  expel  its  contents  ({  306]. 

The  blood  vessels  resemble  those  nf  the  ureter.  The  nerves  form  a  plexus  and  are  plicrd  pull/  ' 
in  the  mucous  mcmlir-inc  and  pnrtly  in  the  mascular  cont,  nnd,  like  nil  the  exlra-renal  paitiuf  (he 
urinary  apparatus,  arc  provided  with  ganglia,  lying  in  the  mucosa,  sub-mucoMi,  snd  conrmud  U 
ench  other  by  fihrci  {AAiifr).  Llnnfilia  occur  in  the  course  of  the  motor  nerve  hbrc»  in  the  hbddet 
{tK  Woiff).  Their  functions  arc  motor,  sensory,  ex ci to-motor,  and  vasomotot.  [Sjaps- 
thetic  nerve  ganglia  also  exwt  undemcalh  the  iterou.s  coat  (F.  Darwi»^.\ 

A  loo  minute  dissection  of  the  several  InycRi  and  bundles  of  the  miuculalure  of  the  bladdcrku 
given  rise  to  erroneou!^  inferences.  Thus,  we  K[Kalc  of  3  detrusor  urinK,  which,  however,  ootttuU 
chicrty  of  fibres  running  on  the  anterior  and  ixjiterior  surfaces,  from  the  vertex  to  the  fuodm.  TVrt 
does  not  seem  to  be  a  •special  sphincter  vesicz  internus  ;  ti  ii  merely  a  thicker  circular  |6toii 
mm.)  layer  of  non-striped  muscle  which  surrounds  the  Ifcginniiig  of  the  urethra,  snd  which,  frwa  m 
shape,  helps  to  form  tJic  fuDnclUkc  exit  of  the  bladder.     Numerous  muscular  bundles,  comtclnl 
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Lower  pnri  of  (he  human  hUJtIer  UJiI  open,  Khowbig  dear  [>«rt,  or  irigone.  the  ilit-like  apenlficiorilwiircMn<<^ 
dlvMcd  ureters,  aniJ  v^iIcuIk  lemiDaiCi :  Ihc  •lnu«  pnrttaticus,  and  on  each  tide  of  it  ibc  o|i«niBKl  tC  tb* 4*'^ 
Utory  ducu,  and  below  boih  aumcrouii  tnull  apertures  of  the  prontaic  ducts. 

partly  with  the  longitudinal  and  partly  with  the  circular  fibres  of  the  bladder,  eiist,  especiallf  »  ***■ 
trigone,  iKrtwceti  the  oridce  of  the  ureters. 

In  the  female,  the  urethra  serves  merely  for  the  passage  of  urine.     The  mncons  membrane tt*^ 
of  connectiTe  ivssav  with  many  elastic  fibres,  and  proii-ided  with  papill.T.     I(  is  covered  by  **••*■*,  -i 
epithelium   nnd  contain.s  several   mucous  glondi^  (/.///W).     Outside   this  v*.    a  laver  o^  Icngita^C'r 
smooth,  muicular  (il»rcs,  and  outside  this  ngnin  a  layer  of  ciraitar  fibres.     Many  elastic  fibna  c****  *" 
alt  the  tnyerN,  which  arc  traversed  by  tiumetciLs  wide  venous  channels.  ^m 

The  proper  sphincter  urethrac  is  a  transversely  striped  muscle  subject  lo  *^B 
will,  aiid  consists  of  completely  circular  fibres  which  extend  downward  as  lar  »*  t**^ 
middle   of  the   tirethra,  and    ixirtly  oT  longitudinal    fibres,  which  extend   only    '^ 
the  i^Kterior  surface  toward  thehace  of  the  bladder,  where  they  become  lost  bet*^*^B 
the  fjl>re5  of  the  circular  layer.  V 

.to 

In  the  male  urethra,  the  epithelium  of  the  pn>tntic  part  is  the  same  as  that  in  the  bLadd"..L^ 

the  mcmbmnous  portion  il  is  itralitie<l,  luid  in  the  CB%-emous  part  the  simple  cylindrical  (brm       ^  gj 
mucous  manbmne,  under  the  q>ithelium  itself,  i-s  beset  with  papilla,  chieny  in  the  posterior  p*'^ 
the  urethra,  and  contains  the  mucous  glands  of  I  jttr*.  _\^ 

Non-striped  muscle  occurs  in  the  i»ostniic  pari  arranged  longTindrnally,  chiefly  at  6w  eoJl'^''^ 
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seminatis;  in  the  roenibranou!i  portion  tlie  dircciioa  of  the  Tibres  ia  chiefly  circular,  with  n  few  longi- 
ludinal  fihrn  iiitcrcAlaicd  ;  the  cavcnwus  pan  ha>  a  few  circular  fibres  posteriorly,  Inii  autcriurl;  toe 
muscular  filTCA  are  single  and  jJaccd  obliiiucly  atul  longitudinally. 

Closure  of  the  Bladder. — The  so-called  internal  vesical  sphincter  of  the 
anatunti^ts,  which  consists  ul'  noii-strijicd  muscle,  is  in  reality  an  integral  {.>art  of 
the  muscular  coat  of  the  Madder  and  surronnds  the  orifice  of  the  urethra  as  far  down 
as  ihc  prostatic  fjonion,  jiisi  aWjve  the  rolliiuhis  seminalis.  It  is,  however,  not  the 
sphincter  muscle.  The  proper  sphincter  urcthrac  (sph.  vesicae  extemiw)  lies 
below  the  latter.  It  is  a  completely  circular  mu^c  le  dis)X)st*d  around  the  urethra, 
tlo>e  aliove  the  entrance  of  the  urethra  into  (he  septum  urogenitale  at  the  a|>ex  of 
the  prostate,  where  it  exchanges  fibres  with  the  deep  transverse  muscle  of  the  peri- 
neum which  lies  under  it. 

SfitDC  longitudinal  fibres,  which  run  along  the  upper  margin  of  the  prostate  from  the  bladder,  belong 
to  this  sphincter  muscle.  Single  IronBverM:  bundle^  ]]«x^i^g  (brword  from  the  surface  of  the  neck  of 
tbe  btndder,  the  tmn^vene  bonds  which  tie  within  the  prostate,  the  apex  of  the  colUculu!(  scminalii, 
and  a  strong  tramvcrte  bundle  passing  ia  front  of  the  origin  of  the  urethra  into  the  substance  of  the 
|VtHtate — ail  belong  to  the  sphincter  muscle  (//(r«/r).  In  the  male  uretlira,  the  ticfki  vftif/s  io^m 
a  lich  cu]>illary  |i|cmi>  undet  the  epithelium,  Iwlonr  which  i>i  a  wide-meshed  lymphatu  plexus. 

[Tonus  of  Sphincter  Uretbrae  — c>]M:ntbealKlDnien  of  a  labliit, ligature  one  ureter,  lie  a  cannula 
in  the  other,  and  pour  water  into  the  bladder  imtU  it  runs  out  through  the  urethra,  which  itt  usually 
under  a  presmrc  of  i6  to  20  inchn.  If  the  ipinal  cord  l>e  divided  between  the  fifth  and  snrentfi 
lumbar  vertcbr^r,  a  column  of  6  irKhes  is  sullicic-nt  to  overcome  the  reniiftonce  of  the  sphincter,  white 
9cciion  at  tlie  (bunh  tuintwr  vertebra  has  no  effect  on  the  height  of  the  prcasure.  In  such  an  animal 
the  bladder  t>ccome>  disi«ndc<l,  IhiI  in  one  with  its  cord  divided  between  the  I'lAb  and  seventh  lumbar 
venelmr,  ibtre  Ls  incontinence  of  urine  —in  the  former  case  because  the  cKcilo-ruutor  impulse-,  are  cut 
o(T  from  the  centre  (5  to  7  vert.),  and  in  the  latter  liecaute  ihc  tunu»  of  the  s{)hinctcr  i»  dolrojred 
(Au/rrijow).    This  tonus  it  denied  bjr  Landots  and  others.] 

280.    ACCUMULATION     OF     URINE— MICTURITION.— After 

emptying  the  bladder,  the  urine  slowly  collects  again,  the  bladder  being  thereby 
gradiially  distended.  [A  healthy  bladder  may  be  said  to  i>e  full  when  it  contains 
20  oz.]  As  long  as  there  is  a  moderate  ainotmt  of  urine  in  the  bladder,  the  ela>ltcity 
of  the  elastic  fibres  surrounding  the  urethra,  and  that  of  the  sphincter  of  the  urethra 
(and  in  the  male  of  the  prostate),  suffice  to  retain  the  urine  in  the  bladder.  This  is 
shown  by  the  fact  that  the  urine  does  not  cscaije  from  the  bladder  after  death.  Ii 
the  bladder  be  greatly  distended  {1.5  to  1.8  litre),  so  that  its  ajiex  projects  above  the 
ptibes,  the  sensory  nerves  in  its  walls  are  stimulated  and  cause  a  feeling  of  a  full 
bladder,  while  at  the  same  time  the  urethral  opening  is  dilated,  so  that  a  few  drops 
of  urine  pass  into  the  beginning  of  the  urethra.  Besides  the  .subjective  feiJling  of  a 
full  bladder,  this  tension  of  the  walls  of  the  bladder  causes  a  reflex  effect,  so  that  the 
urinary  bladder  contracts  periodically  upon  its  fluid  contents,  and  so  do  the  sphincter 
of  the  urethra  and  the  muscular  fibres  of  the  urethra,  luid  thus  the  urethra  is  closed 
against  the  |iassage  of  these  drops  of  urine.  .\s  long  as  the  pressure  within  the 
bladder  is  not  very  high,  the  reflex  activity  of  the  transversely  strijied  si)hincter  over- 
comes the  other  (as  during  sleep) ;  but,  as  Uic  pressure  rises  and  the  di:itentiun 
increases,  the  contractiun  of  the  walls  of  the  bladder  overcomes  the  closure  produced 
by  the  sphincter,  and  the  bladder  is  emptied,  as  i>ccurs  nurmally  in  young  children. 
As  age  advances,  the  sphincter  urethrse  comes  under  the  control  of  the  will,  so 
that  it  can  Ik*  contracted  voluntarily,  as  occurs  in  man  when  he  forcibly  contracts 
the  bulbo-cavemosus  muscle  to  retain  urine  in  the  bladder.  'I"he  sphincter  ani 
tistully  contract!:!  at  the  sauie  time.  Tlie  reflex  .activity  of  the  sphincter  may  also 
b.'  inhdiited  voltmtarily,  so  that  it  may  l>e  completely  relaxed.  Tliis  is  the  conditioD 
when  the  bladder  is  emptied  voluntarily. 

Slight  movements,  confirwil  to  the  bUddir,  occur  during  psychical  or  emoiionnl  diMurtmnccs  (r^., 
anger,  fear),  [the  Uodder  may  be  emptied  involuntarily  dunng  a  frtghtl,  after  stimalatkm  of  senaory 
ncnrea,  auditory  impre^ions,  rcslrainiag  the  respiration,  and  by  arrest  of  ihc  heart's  action.  Tlicre  are 
iligbt  pfriodic  variations  comcidcnt  with  variations  in  the  blood  pressure.  The  contract ion-i  of  the 
bbilder  ccaac  after  deep  uupiratioo,  and  also  during  apooea  ( J/uja  and  PtUatani).    Tbe  excised 
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bladder  of  llie  Trog,  and  even  portioDi  free  from  ganglia,  exhibit  rhythmicai  coniroctions,  which  ore 
increurd  l>y  h«it  (/V^/k).  fAshdown  fuund  hi  dug},  that  the  bladder  trxhibits  rtgular  rhythmical 
controciioas,  which  were  inmicncctl  by  ihc  dcgfce  of  dis(<rniion  of  the  blnddrr,  being  most  marked 
with  moderate  diliiaiion  and  least  when  the  blatldcr  was  feebly  or  Dvcr-<Iistcnded.  liie  contractioni* 
could  be  roistered  by  meaiu  of  a  water  manometer  communicaiing  with  the  interior  of  the  bladder.] 

Nerves. — The  nerves  concerned  in  the  retention  and  evacuation  of  the  urine 
arc:  i.  The  motor  nerves  of  the  sphincter  urethrse,  which  lie  in  the  pudendal 
nerve  (anterior  roots  of  the  third  and  fourth  sacral  nerves).  When  these  nerves  are 
divided,  as  soon  as  the  bladder  l>ecomcs  so  distended  as  to  dilate  the  urethral  opening, 
the  urine  begins  to  trickle  away  (incontinence  of  urine).  2.  The  sensory  nerves 
of  the  urethra,  which  excite  these  reflexes,  leave  the  spinal  cord  by  tlie  [K>sierior 
roots  of  the  third,  fourth  and  fifth  sacral  ner\'es.  Section  of  these  nerves  causes 
incontinence  of  urine.  The  centre  in  dogs  lies  opposite  the  fifth,  and  in  rabbits, 
opposite  the  seventh  lumbar  vertebra  (Buiige).  3.  Fibres  pass  from  the  cerebrum 
— those  that  convey  voluntar)*  impulses  through  the  jwduncles,  and  the  anterior 
columns  of  the  spinal  cord  (accordmg  to  Mosso  and  Pellacani,  through  the  posterior 
columns  and  the  posterior  jjart  of  the  lateral  columns),  to  the  motor  fibres  of  the 
sphincter  urethra;.  4.  The  inhibitory  fibres  concerned  in  the  refltrx  inhibition 
of  the  sphincter  urcthnc.  take  the  paine  course  (perhaps  from  the  ojuic  thalamus?) 
downward  through  ihc  cord  to  where  the  third,  tburth,  and  fifth  sacral  nerves  leave 
it  5.  Sensory  nerves  proceed  from  the  urethra  and  bladder  to  the  brain,  btit  their 
course  is  not  known.  Some  of  the  motor  and  sensory  fibres  lie  for  a  part  of  their 
course  in  the  sympathetic. 

Transverse  section  of  the  spinal  cord  above  where  the  nerves  leave  it,  is 
always  followed  in  the  first  instance  by  retention  of  urine,  so  that  the  bladder  be- 
comes distended.  This  occurs  because  (i)  the  section  of  the  spinal  cord  increases 
the  reflex  activity  of  the  urethral  sphincter ;  and  (2),  because  the  it^hibition  of  this 
reflex  can  no  longer  take  place.  As  soon,  however,  as  the  bladder  iKieomcs  so 
distended,  as  in  a  purely  mechanical  manner  to  cause  dilatation  of  the  urethral 
orifice,  then  the  urine  trickles  away,  but  the  amount  of  urine  which  trickles  out  in 
drops  is  small.  Thus  the  bladder  becomes  more  and  more  distended,  as  the  con- 
tinuously distended  wullsof  the  organ  yield  to  the  increased  tension,  so  that  the 
bladder  may  become  distended  to  an  enormous  extent.  The  urine  very  frequently 
becomes  ammoniacal,  accompanied  bv  catarrh  and  inflammation  of  the  bladder 
(§  263). 

Voluntary  Micturition. — Obser\ers  are  not  agreed  as  to  the  mechanism  con- 
cerned in  emptying  the  bladder  when  it  is  only  |)artially  full.  It  is  stated  by  some 
that  a  voluntary  iinpLilse  {Kisses  from  the  brain  along  a  cerebral  peduncle,  and  the 
cord,  to  the  anterior  roots  of  the  3d  and  4th  sacral  nerves,  and  partly  through 
motor  fibres  from  the  2d  to  the  5th  lumbar  nerves  (es]>ecialiy  the  3d),  to  act 
directly  upon  the  smooth  muscular  fibres  of  the  bladder.  This  is  assumed,  because 
electrical  stimulation  of  any  part  of  this  nervous  channel  causes  contraction  of  the 
bladder.  This  view,  however,  does  not  seem  to  be  the  true  one.  It  is  to  be 
remembered  that  Budge  showed  that  the  sensory  nerves  of  the  wall  of  the  bladder 
are  contained  in  the  first,  second,  third,  and  fourth  sacral  nerves,  and  also  in  part 
in  the  course  of  the  hypogastric  plexus,  whence  they  ultimately  pass  by  the  rami 
coromunicantes  into  the  spinal  cord. 

According  to  I-andois,  the  smooth  musculature  of  the  bladder  cannot  be  excited 
directly  by  a  voluntary  impulse,  but  it  is  always  caused  to  contract  reflexly.  If 
we  wish  to  micturate  when  the  urinary  bladder  contains  a  small  quantity  of  urine, 
we  first  excite  the  sensory  nerves  of  the  openmg  of  the  urethra,  eitlier  by  causing 
contraction  or  relaxation  of  the  sphincter  urcthrac,  or  by  means  of  slight  abdominal 
pressure,  and  thus  force  a  little  urine  into  the  urethral  orifice.  This  sensory  stimu- 
lation causes  a  reflex  contraction  of  the  walls  of  the  urinary  bladder.  At  the  same 
time,  this  condition  Is  maintained  voluntarily,  by  the  action  of  the  intra-cranial 
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reflex-inhibitory  centre  of  the  sphincter  urcthrae.  The  centre  for  the  reflex 
stimulation  of  the  roovemcnts  of  the  waiU  of  the  urinary  bladder  is  placed  some- 
what higher  in  the  spinal  cord  than  that  for  the  sphincter  ureihrae.  In  dogs,  ic  is 
opposite  the  4th  lumbar  vertebra  {Giatmzu,  Budge). 

[Two  centrrs  tn  assumed  to  enist  in  (lie  cord.  Fig.  293,  011c  the  uulomatic  (A.C.)  at  tlie  segment 
corresponding  to  the  ad,  jd,  and  4ih  sacral  nerves,  which  maintains  the  tonic  action  of  the  sphincter; 
the  other,  a  reflex  centre  (K.  C),  is  situated  higher,  and  through  it  the  detrusor  urinse  is  excited  to 
oonlnctioo.  Both  centres^  me  connede*]  to  and  governed  or  controlled  by  n  cerebral  centre  (C). 
The  automatic  centre  U  connected  with  the  sphincter,  and  the  other  wiih  the  uhnc-expclling  fibres. 
They  are  altto  cotinected  with  alTerent  fibres  from  the  bladder  and  elsewhere.  The  alTerent  or  sensory 
6brcs  are  also  connected  with  the  brain.  The  eulonuiice  centre  maintains  the  closure  of  the  tiUddcr, 
but  if  the  latter  be  distended,  diBcrcnt  impulses  proceeding  from  it  reach  the  ^^pinal  centre,  and  it  may 
be  the  cerebrum.  The  impulses  reaching  the  automatic  centre  inhibit  its  action  and  those  to  the  reflex 
Centre  excite  it,  so  that  the  detrusor  uritue  contracts.  If  the  afTervni  impulses  be  powerful,  a  desire 
to  urinate  is  excited,  and  vuluntajy  im|julses  are  excited  wliich  act  uyton  the  spinal  ccnlres  as  the 
afTcrent  impulses  do,  and  thus  the  act  of  urination  is  more  easily  accomplished.] 

We  may  conceive  a  voluntary  impulse  (o  pa&»  down  special  fibres  to  an  inhibitory  centre,  which 
may  either  act  directly  on  the  motor  centre,  or  possibly  may  send  branches  direaly  to  tlic  sfihinctrr 
muscles. 

Toinful  stimulation  of  sensory  nerves  causes  reflex  contraction  of  the  bladder  and  cvacualioo  of  the 
urine  ( in  children  during  teething).  Reflex  contraction  of  the  bladder  con  be  brought  alKMit  in  cala,  by 
stimulation  of  the  inferior  mesenteric  ganglion.  After  section  of  all  the  nerves  going  to  the  bladder, 
hemorrhage  and  asphyxia  cause  conlmctlon  by  a  direct  effect  upon  the  siniclurcs  in  (he  wall  of  the 
bladder.  As  yet  no  one  has  succeeded  in  exciting  attlticially  (he  inhibitory  centre  in  the  brain  for 
Ibe  sphirKter  mu.<M;lc  {So/toun'm  and  KvteaUsky). 

It  seems  probable  that,  as  in  the  case  of  the  anal  sphincter  {{  l6o),  there  is  not  a  cPH/innnut  lonit 
reflex  stimulation  of  the  sphincter  urethrx;  the  reHex  is  excited  each  lime  by  the  contents.  The 
sphincter  vesicx  of  the  anatomists,  which  consists  of  smooth  muscular  tissue,  does  not  uctn  to  take 
part  in  closing  the  bladder.  Budge  and  I^oudots  found  thai,  after  removal  of  ibc  iransvcTKiy  striped 
sphincter  uretbrr,  siiuiulaiion  of  the  smooth  sphincter  did  not  catisc 
occkuioa  of  the  bladder,  nor  could  \..  Kosmthal  or  v.  Wiitich  con-  FiC.  292. 

rtnce  themselvcJt  nf  (he  prexetKe  of  tonus  in  this  muscle.     Indeed, 
its  very  existence  is  nuestioricd  by  Hcnlc 

Changes  of  the  Urine  in  the  Bladder. — When  the  urine  is  re- 
tained in  the  bladder  for  a  consideralile  time, according  to  Kaupp, there 
t»  an  increase  in  the  sodium  chloride  and  a  decrease  in  the  urea  and 
water.  Urtrw  which  remains  for  a  long  time  in  the  bladder  is  prone 
to  undergo  ammoniacal  decomposition. 

Absorption. — Many  observers  haveshown  iho]  the  mucous  mem- 
lirone  of  the  bladder  is  capable  of  absorbing  sub»t.incc5 — potasMum 
ioilide  and  other  soluble  salts,  [.^.shdown  nas  sliown  llul  ijotsonR, 
such  as  watery  solutions  of  str^'chnin,  curare,  eserin.  emuUions  of 
chloroform  and  ether,  ore  ab<>orbcd  when  injected  into  the  bladder  of 
rabbita.  In  rabbits.  Kl  injected  into  the  bladder  through  a  calethcr 
WM  found  in  the  urine  oUalned  from  the  divided  ureters.  Water  and 
urea  are  also  absorbed — the  latter  in  larger  proportion  than  the 
former.] 

As  Uk  ureters  enter  near  the  base  of  the  Madder,  the  last  secreted 
oriocis  always  lowest.  If  a  pcnon  renuun  perfectly  quiet,  strata  of 
urine  are  thus  formed,  and  the  urine  may  t>e  voided  so  as  to  prove 
tnis  {EdUfien). 

The  pressure  within  the  bladder,  when  in  the  supine  position 
^  13  to  15  centimetres  of  water.  Increase  of  the  intra- alxloimnal 
prcsHure  |by  inspiration,  forced  expiration,  coughing,  braring-down) 
tncrcaaes  the  prcuure  within  the  bladder.  The  ert^ct  fmsture  also 
increues  it,  owing  to  the  pressure  of  the  viscera  from  above  (SrAa/t, 
DmMi).  [James  obtained  4  to  4.5  icKbes  Hg  a«  the  highest  expul- 
sive power  of  the  bladder  including  the  abdominal  pressure,  volun- 
tary and  involuntary-.  In  pnraplegio,  where  there  U  merel)-  the 
expulsive  jiowcr  of  the  bladder,  he  found  20  to  30  inches  of  water.] 

[Hydronephrosis  occurs  when  the  uretrn  and  pelvis  of  the 
kHuiey  become  dilated,  owing  (o  partial  and  gradual  obstruciioo  of  the  outflow  of  urine  from  the 
ttfctcrs:  il  the  otntructioo  l>ccome  complete,  there  is  cessation  of  the  orinaiy  vecretion.  James  has 
shown  Ihal  the  bladder  remains  contracted  for  several  seconds  after  )l  is  emptied,  and  this  u  sjiecitlly 
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tb«  cane  in  irrital>le  bliidd«r;  so  thai  this  condition  may  ilso  give  rise  to  bydioDephroou  bf  dmaioK 
up  the  urine  in  the  orrter'^.] 

Rapidity  of  Micturition. — The  amount  or  urine  voided  at  fmt  is  small,  liut  it  incnatn  widi  th< 
time,  ciiul  toward  the  end  of  the  atl  it  again  (llministics.  In  men.  the  \aM  drop*  of  urine  an  tjtdel 
froiti  the  mxihra  b>'  voluntary  contractions  of  ihe  bullmcavrmosus  muscle.  Adult  dogs  inaes»rih( 
Sream  rhythmically  by  ibt  aclimi  of  this  muscle. 

381.  RETENTION  AND  INCONTINENCE  OF  URINE.— Retention  of  urine  or 
iscburia  occurs:  1  When  iherv  is  obtitriictian  of  the  urethra,  ftora  foreign  bodies,  cooCTctnos 
fctricturr,  bwellin^^  of  the  prostate.  2.  Poralj'sis  or  exhaustion  of  the  muscuUtun*  of  the  hladddi  At 
lattL'T  sometimes  occurs  after  delivery,  in  contequcncc  of  ihc  pres  ure  of  the  child  againM  iht  h^Urt 
3.  Afier  section  of  the  spinal  cord  (p.  4S4).  4.  Where  ibe  voluntary'  impulses  are  unal>)erflKi 
upon  the  inhil>itary  apparalos  of  the  sphincter  urctlirsc  reflex,  as  well  as  when  the  sphincter  Errttinc 
reflex  is  iftcreascd. 

Incontinence  of  urine  (stiUicidium  urinset  occurs  in  consc^iuence  of — I.  Pkrtlyus^ike 
sphincter  urethnv.  3.  l-oss  of  sensibility  of  the  urethra,  which  of  course  abolishes  tbe  refleiof  ihc 
sphincter.  3.  Trickling  of  the  urine  is  a  secondary  consequence  of  seaion  of  the  spinal  conLorof 
its  degeneration. 

Strangury  is  an  excessive  reflex  contraction  of  tbe  walls  of  the  bladder  and  spbincter,  lioen 
stimulation  of  the  bladder  and  urethra;  it  is  obser^'ed  in  inflammation,  neuralgia  [and  after  iluuc 
of  Mime  poisons.  *■.  a'.,  caniharides). 

Enuresis  noctuma,  or  involuntary  emptying  of  the  bladder  at  night,  may  be  due  to  an  uKRiKd 
reflex  excitability  of  the  wall  of  tbe  bladder,  or  weakness  of  the  sphincter. 

aSa.  COMPARATIVE  AND  HISTORICAL.— Among  vertebrates,  tbe  arioair  lo^ 
genital  organs  are  rrev(uently  combined,  except  in  tbe  osseous  fishes.  The  Wollfian  iMxlies  whidisd 
as  organs  of  excretion  during  the  embryonic  i>erioi),  remain  throughout  life  in  tiihes  and  amphibiant 
and  continue  to  act  a*>  s.uch.  Fishes. — The  myxinoiiis  (cyclustomata)  have  the  simplest  ki^T*- 
on  each  side  is  a  long  ureter  with  a  series  of  short-stalked  glomemli  with  capsules  arranged  ikxij; 
it.  Both  ureters  open  ni  the  genital  pore.  In  the  other  fishes,  the  kidneys  lie  often  as  doiigalvl 
cumpaci  ma&Ms  along  tx>tb  sides  of  the  veitebntl  column.  The  two  ureters  unite  to  form  a  undn. 
which  always  opens  behind  the  ano;,  either  united  with  the  opening  of  the  genital  (Hga&»,  or 
behind  this.  In  the  sturgeon  and  hng  tiOi.  the  anus  and  orifice  of  tbe  ureilira  logeiher  fbraii 
cloaca,  niadder-like  formations,  which,  bowever,  are  morphologically  homologous  with  iheBnniiT 
bladder  of  mammals,  occur  in  Bsbes,  either  on  each  ureter  (ray,  hag-fish),  or  where  both  jots.  Is 
amphibians,  the  vasa  cfTcrcmia  of  the  tirsticlcs  are  united  with  the  urinary  tubules :  tbe  dact  is  the 
frog  unites  with  the  one  on  the  other  aide,  and  both  conjoined  opens  into  ibe  cloaca,  whilt  t)ic 
capacious  urinary  blatidtr  opens  through  the  anterior  wall  of  the  cloaca.  Fmm  rrptiica  upwanl, 
the  kidney  is  no  longer  a  {icrsistent  Wolflian  IxmIv.  but  a  new  organ.  In  reptiles,  it  is  usually  ^* 
tcncd  and  elongaied ;  the  ureters  open  singly  into  the  cloaca.  .Saurians  and  tortoises  have  a  orantr 
bindder.  In  birds,  the  isolated  ureicrs  open  into  tbe  uro-f;cnilat  ^nuft,  which  opens  into  tbe  doaci  _ 
internal  to  tbe  excretory  ducts  of  the  genit.il  apparatus.  I'be  urinary  bladder  is  always  abnot  Is  fl 
mammals,  the  kidneys  often  con&iat  of  many  lobules,  t.  ,^.,  dolphin,  ox.  1 

Arooni;  invertebrates,  the  mollusca  have  excretory  organs  in  the  form  of  canals,  vbid)  sn 
provided  with  an  outer  and  an  inner  0[>ening.  In  the  mussel,  this  canal  is  provided  with  a  fpooC* 
itke  organ,  often  with  a  central  cavity,  and  coniiisting  of  ciliivteil  secretory  cells,  placed  at  the  tax 
of  tbe  gills  (organ  of  Uujanus).  In  gasieropods,  with  analogous  organs,  uric  acid  has  been  frtsi* 
Inaccta,  spiders,  and  centipedes  have  the  so-called  Malpighian  ves»ls,  which  are  excieti^ 
otgans,  partly  for  uric  acid  and  partly  for  bile.  These  vessels  are  long  tubes,  which  open  int*  '** 
first  )>art  «f  the  large  iiiiestine.  In  cralts,  blind  tubes  connected  with  the  intestinal  tube,  per^P^ 
have  the  same  functions.     The  vermes  also  have  renal  organs. 

Historical. — .Aristotle  directed  attention  to  the  relatively  huge  size  of  the  human  bWdf^-"**. 
named  the  ureters.     Massa  (1552)  found  lymphatics  in  the  kidney.     Eustnchins  (f  l$8o)  Ucat^'T: 
the  ureters  and  found  the  bladder  empty.     Cusanus  ( 1 565 )  investigated  the  color  and  weight  o^  '. 
urine.     Rousscl    (15S1)    descrilied  the   muscular   nature   of   the    walU   of   the   bladder.     Ve*!*"** 
described  the  trigone  ( 1753).     The  fifsi  important  chemtCAl  investigations  on  tbe  urine  date  ***^ 
tbe  time  of  van  Kelmont  ^1644).     He  isolated  the  solids  of  the  urine  and  (bund  among  tbeifl  ^**~V 
mon  salt ;  he  asccnnined  tne  higher  s[»ecitic  gravity  of  fever  urine,  and  a^crilted  the  origin  of  ■»*»••' 
calculi  to  the  solids  of  the  urine.     Scheele  (1766)  discovered  uric  add  and  calcium  ph«|>l>*^« 
A  rand  and    Kunckel,  phosphorus  ;   Rouelle  (1773),  tirea  ;  and   it  got  tta  name   from  Fonrcroy    T't 
Vauqaelin  (1*99).     Berielius  found  lactic  acid;  Seguin.  albamia  in  patboloeical  arinc;  l^^^lz* 
hippuric  add  :  HeinliL  and  v.  Pettcnkofcr,  kreatin  and  kreatinin ;  Wollaalon  (iSio).  cyslin.  W-**^ 
found  xontbin ;  and  Lindbergson,  mogncsic  carbonate. 
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283.  STRUCTURE  OF  THE  SKIN,  HAIRS,  AND  NAIL,— The 
skin  i2i-i  i<'  2-1  mm.  thick  ;  specific  gravity,  1057)  consists  of — 

[i.  The  epidermis ; 

2.    ITie  chorium,  or  cutis  vera,  with  the  pai)tll:e  (F'g*  294).] 

The  epidermis  (0.0S  10  0.12  mm.  thick)  consbta  of  many  layers  of  stratified  epithelial  cells 
unitett  lo  cich  other  by  cement  subfUncc  (Fig*.  293»294)-  ''he  superficial  layers— stratum 
corneum — consist   of    several    layers    of    <]ry, 

hurny.  non-auclealedM{uames, which swcU  tipin  \-\v,.  393. 

solatton  of  cau-stic  vmIs  (H^.  294,  K).  [ll  \s 
always  thickest  where  intermitienl  pressure  is 
applied,  as  on  the  ftole  of  the  foot  ami  palm  ul 
the  hand.]  The  next  layer  is  the  stratum 
lucidura,  which  i&  clear  and  transpareiit  in  a 
section  of  skin,  hence  the  name,  and  consists  of 
compact  layers  of  clear  celU  wtUi  vestiges  uf 
nuclei.  I'ndcr  this  is  the  rete  mucosum  or 
rete  Malpi(;hii  (  Fi}*.  294,  H),  consistiitg  of  many 
layers  of  nucleated  proioplastnic  e[Hlhclial  cells 
which  contain  pigment  in  the  dark  races,  and  in 
the  skin  of  the  scnttkini,  and  around  the  anus. 
[The  su|>erficial  cells  are  more  fusiform  and  con- 
tain i^ronutes  which  Main  deeply  with  carmine. 
They  coostitmc,  3,  the  stratum  granulosum. 
In  these  cells  the  formation  of  kerattn  is  about 
lo  b^D,  and  the  granules  liave  been  called 
•leidin  granules  by  Ranvier.  They  are  chemi- 
cally on  the  way  to  be  Iransfonued  into  keratin. 
All  corneous  structures  conroin  similar  granules 
in  the  area  where  the  cells  arc  becoming  corne- 
ous, Tlien  follow  several  layers  of  more  or 
leas  polyhedrsi  cells,  softer  and  more  plastic  in 
their  nature,  and  exhihitmg  the  characters  of  so- 
called  "  prickle  cells  *' (Fig.  294,  k).  [The 
•paces  between  the  hbrils  connecting  adjacent 
cells  are  lymph  spaces.]  The  deepest  layers  of 
cells  are  more  or  less  coltimnar,  and  the  cell - 
are  placed  vertically  ujx>n  the  papilla?.  Iimnulai 
leucocytes  or  wandering  cells  are  sometimes 
found  between  these  cdiv  Tliis,  the  f-juilh 
layer,  ha^  been  called  the  stratum  Malpighil. 
The  lele  Malpighii  dips  down  between  adjacent 
popillic  and  forms  intertupillary  prr.cesses  Ac- 
cording to  Klein,  a  delicate  basement  mem- 
brana  ficnarates  the  eptdcrmiH  frnui  the  true  ^kin.]  The  su(>er1icial  layers  of  the  epidermis  are 
continually  t>ein)^  thrown  off.  while  new  cells  are  continually  being  formed  in  the  deeper  layers  of 
the  skin  by  proliferation  of  the  cells  of  the  rete  Mnlplghii.  'j'hc-re  is  a  gradual  change  in  the  micro* 
Bcopic  and  chemical  characters  of  the  cells  from  the  deei>cst  lo  the  superficial  layers  of  the  epider- 
mis. I  In  a  rertical  MCiion  of  ihc  skin  stained  with  pic ro -carmine,  the  S.  granulosum  ii  deeply 
atainca  red,  and  is  thus  readily  distinguished  aroor^  the  other  layers  of  the  epidermis.] 

illo~^*'"'7T"'"'         kuiicle. 
(a)  Strntum  Itutdum,  } 

Ul  Stratum  i^ranHUiHrn,  \  „_.    «*„-„„„  i 
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VeitU'al  ««<iton  <<f  ihe  ttumnn  epMvnnU :  the  nerve  fibnk, 
m,  t.  ■taJnetl  with  gold  chloride. 


[F^ennU  (Fig.  293), 
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STRCCTURE  OF  THE   EPIDERMIS. 


No  pigment  is  formed  within  the  epidermU  itself ;  when  it  is  prcicnl,  it  is  cairied  by  Xeaaxjm 
from  the  subcutaneous  lissiw  {J^uh/,  Ehrmann,  Aeby).  ThU  explains  how  h  is  thu  a  pece  cf 
white  skin,  iransplanteii  la  a  negro,  becomes  black  {Karg\. 

The  chorium  (,ng.  394t  I.  C)  is  be]>et  over  its  entire  surface  by  numerutu  (0.5  to  0.1  nin.  hi{li) 
papillae  1  Fig.  394),  the  largest  being  upon  the  volar  surface  of  the  hand  and  foot,  oa  the  nipjilc 
and  glnnft  peni».  MoKt  uf  lite  papilltc  contain  a  looped  capillary  (^),  white  in  certain  ref;i(7M aoiie 
of  them  contain  a  touch  corpuscle  (Fig.  29St  a).    The  papilla:  are  disposed  u  ctwpi,vkae 

Fio.  294. 
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t,  VcrllctI  tcctlofl  of  thetktn,  with  a  hair  atul  sebaceoiit  glaml,  T,     FpidcnnU  and  chorfnn  itiniiiiiiw]    i.nnm  ■— tI 
s,  Inner  fibrous  Uvcr  or  the  hair  follicle ;  3,  ira  hyaline  Uycr  -.  4.  outer  nvit  aheath :  j,  Huxley't  Uvsr  of  the  buMe 
roat  iheaih :  6,  Hciilc'«  Uyer  of  ihc  uttiie ;  /,  root  cf  the  tiKir,  with  iu  pMt><II'  i   A.  nrrvctoi  ptU  aaacls:  ^ 
chorium;    a,  atibcut^tneou*  futly  (iuuc ;    b,  epidcrtnl*  (hniiiy  Uycr) ;    4.  tcie    Malpighil ;    /,  blond  «CMsU 
jmmIIk;   I',  lym|thatic«  of  the  unie  -   A.  homy  or  comeutu  •ubttance;   f,  mc<liill>  or  piin  ;  i(,  epi>lennj>  or  ( 
of  hair;   K,  coil  r>f  Hvreat  gUnd  .    IC.  epide-rcn;*!  4Ca1ct  [  »cch  from   above  and  rn/tK-r)  from  the  »Tratuia  con  ., 
R,  prirklc  c^lls  from  the  rcie  MalpiiEhii :  n ,  fupcrficial,  and  tn,  deep  cclU  fiofi)  the  oail ;  H,  hair  outcittAad . 
Cuikic  :  f ,  nicrhilhi,  with  cells :  /,/,  fuiiform  fibrous  eelU  of  the  «ufo«t^nce  of  the  hair ;  x,  celb  of  Haxley^  hf 
/,  ihoie  of  Henic'v  layer  ;  S,  tranarcrse  lection  of  a  ^weat  K^tnd  from  the  asilta ;  d,  amooili   III  ill  flag  flbfci  i 
roundlnt;  it ;  /,  cell>  Irom  a  Mli;iceDUS  uland,  »Oine  of  them  caDtaininfC  gruiules  of  oil. 

arrangement  varies  in  different  parts  of  the  body,     to  the  palm  of  the  hand  and  sole  of  the 
they  occur  in  rows,  which  are  marked  om  by  the  existence  of  delicate  farrows  on  the  surface  viahLl 
to  ihe  nake<I  eye.     The  chorium  consists  of  a  denie  network  of  bundles  of  white  fibnmi 
mixed  with  a  network  of  elastic  fibres,  which  are  more  deltcalc  in  the  {apilln.-.  In  silvemirilhi  1 
elastic  fibres  are  b1a<:kcned  by  the  partial  dejMsitinn  of    reduced  silver,  and  the  same  obUiRs  ia 
those  who  take  silver  nitrate  in  such  quantity  as  to  produce  argyria.     The  connective  itssue  ooob 
many  comiectire-lissue  corpascles  and  numennts  leacocyles.     The  deeper  connective  liwe  lay 
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of  (be  choHnin  gradually  ptus  into  the  subcutaneous  tissue,  where  they  form  a  irabeeular  arraiiee* 
meni  of  bundles,  leaving  between  them  elongated  rhoinl<oii)al  spaces  tilled  for  the  mot^t  furt  with 
grouptfoffat  cells  {Fi^-  294,  <t,  a).  [In  microscopic  sections,  aAer  (he  action  of  alcohol.  itiefatcclU 
not  iinrre<iiienilT  contain  cry&taU  of  msrgarin.]  The  long  axis  of  the  rhomb  correapondft  to  the 
greater  teuMon  of  ibe  &kin  al  that  part  {C.  Langtr).  In  lome  situations  the  subcutaneous  tissue  b 
de%oid  of  fat  [peni^,  eyelids].  In  many  situations,  the  skin  is  fixed  by  i^Dlid  fibrous  bands  (o  suhjs- 
ceni  siruciure^,  ai  fascia?,  ligaments  or  l)oncs  i^tenacula  cutis) ;  in  other  parts,  as  over  bony  promi- 
nenct^i,  bur«:i:  partially  lined  with  cridotliclium  and  tilled  vritU  synovia-like  fluid,  occur. 

Smooth  muscular  fibres  occur  in  the  chorium  in  certain  situations  on  extensor  surfaces  (AVm- 
mann  \ ;  nif*[)le,  areola  mamma:,  prepuce,  pcrinxum,  and  in  special  abundance  in  the  tunica  dartos 
of  the  scrotum. 

[Ousnin  in  the  Skin. — Tlie  skin  of  many  amphibians  and  reptiles  contains  brown  or  hUck  pig- 
ment granules,  and  other  granules  of  a  white,  itllvcry,  or  chalky  appearance.  Ewald  and  KrukcnbeT;g 
have  »hown  that  Ih?  Utter  consists  of  gunnin,  nnd  that  this  substance  is  very  widely  dilt'uscd  in  the  skin 
of  Itsho,  amphiljtnn<i.  and  reptiles.  Test:  Select  a  piece  of  skin  from  the  belly  of  a  frog;  place  it 
in  n  purccliin  capsule  as  for  the  murexide  te.a ;  add  concentrnled  nitric  acid,  and  beat  to  dryness,  when 
a  jrclluw  residue  is  oUaincd;  on  adding  a  drop  of  caustic  soda  a  red  color  is  struck.  Ilie  yellow 
rcsidne  gives  no  reaction  with  ammonia.  If  to  the  fluid  more  water  L»e  added,  and  it  be  then  hratcfl, 
dlarfliuted  over  the  surface  of  the  capsule,  and  cooled  1>}'  blGwiog  upon  it.  various  shades  of  purple 
and  violet  are  ntxained.] 

The  nails  {specific  gravity  I.I9)  conMst  of  nameroow  layers  of  wlid,  horny,  homogeneous,  epidermal, 
or  noil  cells,  which  may  be  isotaled  with  a  solution  of  caustic  slkah,  when  they  swell  up  and  exhibit 
the  remains  of  on  elongated  nucleus  (Pig.  394,  n,  m).  The  whole  under  surface  of  the  nail  re 4s  upon 
the  nail  bed  ;  the  hteral  and  posterior  edges  tic  in  a  deep  groove,  the  nail  groove  (Kig.  296,  e). 
The  chorium  under  the  nail  is  covered  through- 
out its  entire  extent  by  longit[id»nal  rows  of  Fig.  295. 
papitls  (Fig.  296,  d).  Above  this  there  Ucs, 
as  in  the  skin,  many  layers  of  prickle  cells  like 
those  in  the  rcie  Malpighii  (Fig.  294,  a),  and 
stiove  this  again  is  the  anbstance  of  the  nail 
(Fig.  296,  a).     (The  stratum  granulosum  is  ^ 

rudimentary  in  the  noil  bed.    The  substance  of  ^^  ^^ 

the  noil  represents  the  stratum   lucidum,  there         ^v1^  ^ft     KIAii     \1  V/IM^   IVAW'^^^ 
being  no  stratum  comcum  (A7/i«).l   The  pos- 
terior part  of  the  nail  groove  ami  Ihenalf  moon, 
brighter  pail  or  lunule,  form  the  roc/  of  the 
nail.     They  are,  nt  the  Mime  ttme,  the  matrix, 
from  which  giowih  of  the  nail  takes  place.    The  P^M;"* 
lunule  is  pre^nt  in  an  isolated  nail,  and  is  due 
to  diniinubed  transparency  of  the   posterior 
pan  of  the  nail,  owing  to  the  special  thickness  and  nniform  diatribaiion  of  the  cells  of  the  rete 
Malpighu  ( 7W^/). 

Flo.  296. 


the  olhen  a  capilhry  loop. 


a 


'*^^r%^ 


TnuMvrrve  (Ktion  of  onchitU  of  «  nail.  m.  ti«il  wilnuttce :  A,  nore  open  layer  of  celh  ol  the  naU  bed :  e,  stratum 
Mjjplybii  of  lh«  full  hctl .  li,  tru»rtnelf  divided  paptlbc ;  #,  nail  groow ;  /*,  horny  layer  of  /  projectlBK  over 
ilw  lukil;  £,  fiAptllc  of  ihc  tkin  od  ihe  back  of  the  finder. 

Orowtli  of  the  Nail. — According  to  Unna.  the  matrix  extends  to  the  front  pan  of  the  lunole. 
The  nail  grows  continually  bxtm  behind  forward,  and  is   formed  by  layers  secreted  or  formed  by  llie 
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matrix.  TbcK  layers  run  [urallel  (o  the  aoHace  of  the  malrix.  They  run  obliquely  froin  above  tad 
liehini^  ilownward  and  forward,  Ihrough  the  thickncis  of  the  subhtnnce  of  the-  dbU.  'Iltc  nail  U  of 
the  same  thiclcncss  frcmi  the  anterior  margin  of  the  lunule  f(>rwar<l  ti)  it&  free  margin.  Thu«  the  noil 
does  not  grow  in  thickness  in  ihis  reginn.  In  ihe  course  of  a  year  the  fingers  produce  about  2  gniiL 
of  nail  substance,  and  relatively  more  in  suaimer  than  in  winter- 
Development  — I.  I'rom  ihe  second  to  ihc  eighth  month  of  frjetal  Ufe,  the  position  of  the  nail  is 
indicated  hy  a  partial  but  marked  iKtrny  condition  of  the  epidermis  oit  the  hack  of  the  first  ptutlani, 
the  •'eponychium."*  The  remainder  of  this  sulmance  is  represented  during  Ufe  by  the  normalhr 
tirmcd  cpidtrmal  layer,  which  scptiratc^  the  future  oail  from  the  Miiface  of  the  furrow,  2.  The 
future  nail  is  fiirmed  under  the  'L-poaychium.  with  its  6rst  noil  cells  &tiU  in  f[ot;t  of  the  nail  groove; 
then  the  nail  grows  and  pushes  forward  toward  the  groove,  At  the  seventh  month,  the  noil  {itself 
covered  hy  the  crponychium)  coversthc  whole  extent  of  the  nail  bed.  3.  When,  at  a  later  period,  the 
eponychium  splits  off,  the  nail  i*  uncovered.  After  birth  the  papillae  are  fonned  on  the  bed  of  tbe 
nail,  while  simultaneously  the  matrix  panes  backward  to  the  most  posterior  part  of  the  fnxm 

Abaence  of  Hairs. — The  whole  of  the  skin,  with  the  exception  of  the  palmar  surface  of  tbe 
hand,  sole  of  the  foot,  dorsal  surface'  of  Ihe  third  phalanx  of  thn  hngcrs  and  Iocs,  outer  surface  of  the 
eyelids,  glans  penis,  inner  surface  of  the  prepuce,  and  f>att  of  the  labia  is  covered  with  hatrs,  which 
may  be  >lrong  or  Kne  \  lanugo). 

A  Hair  ($pecihc  gravity  1.26)  is  fixed  by  its  lower  extremity  [root)  in  a  depression  of  tbe  skin  er 
a  hair  follicle  (,Fig.  294,  I,/)  which  passes  ohIi<)ueIy  through  ibe  thickness  of  the  skin,  Mjmctiincs 

as  far  as  the  subcutaneous  tissue.     The  structure  of  a  hair  follicle 
Kii;.  29".  is  the  following:  i.  Thcouterflbroua  layer  (Figs.  294.  i,  393), 

compa^cd  of  iulcrwovaj  bundles  of  cotmective  Ibsue,  arronged  fur 
the  most  part  longitudinally,  an<\  provided  wiih  numerous  blood 
vessels  and  nerves.  [It  is  just  the  cunnectitc  tis>ue  of  tbe  sur< 
ronnding  chorium.]  a.  1  he  inner  fibrous  layer  j  Figs  294, 1, 
297)  consists  of  a  layer  of  fuwfortiicclls  (?  suiooib  muscular  (ibre*) 
.irraiigcf)  citrularly.  [Itdoc!iiint  extend  throughout  the  whole 
length  of  the  follicle.]  3-  Inside  this  layer  is  a  tran^iurcnt,  hya- 
line, glo-vs-like  basement  membrane  (Fig!»>  292,  3,  397),  which 
end*,  at  Ihe  neck  of  the  hair  fnllicte;  while  above  it  is  cuoiiuued 
:is  the  baseiuciit  mcitibrane  which  exists  between  the  c[>idermu  and 
churiuiu.     In  addition  to  the^e  coverings,  a  hair  follicle  lui-t  tfn- 

_-~- llic-liiil  covering-'i  which  must  l-e  r<^arded  in  relatinn  to  the  layers 

-'-v^-y     f,f  ,hg  epidermis.     Immediately  within  the  glais-like  membrane  is 
a — #  ;r.^^^  4        the  outer  root  sheath  (Figs.  294.  4i  297,  298),  which  oonusts 

of  so  many  layers  of  epithelial  cells  that  il  fonns  a  consfMcnout 
covering,  It  is,  In  fact,  n  direct  continuation  of  tbe  .stratum 
MaJpighii,  and  corui.su  of  many  layers  of  soft  cells,  the  ceU»  o(  Ihe 
ouier  layer  Iwring  cylindrical.  Toward  the  base  of  the  liair  lolhcle 
it  l>ccomes  nnrrower.  and  is  united  to.  and  continues  with  the  cells 
of  the  root  of  ibc  hair  il-self,  at  least  in  fully  developed  hairs.  'ITie 
homy  layer  of  the  epidermis  continues  to  retain  its  propcitics  as  far 
down  as  the  orilicr  of  the  sebaceous  fnlliclc;  Ik-Iow  this  point, 
however,  it  is  continue<l  as  the  inner  root  sheath.  This  cod- 
TraiiBveras  section  of  a  hair  and  iu  .lists  of  (1)  a  »ingle  layer  of  elongated,  llat,  homogeneous,  non- 
foUick.    -1.  outer  fibrous  co*i  wuli  nucleated  cells  (Figs.  294,  6,  297,/— //<•«// j  Atrer)   placed  nexi 

i'Xdr,':!*rrf;i;i-:i.rc;  Cn  ^^^  *«'""  '^»=  '-'"  •««  -'^heatlt.  'within  this -he*  12,  /f..rWs 
e.  tiuier.y;^.  inmrr,  r«*i  ibeaih./,  hyer  (tigs.  294,  5.  297,  g),  consisting  of  nucleated  elongated 
ouier  layer  of  the  wrae  (H«oI«*s  polygonal  cells  (Fig.  294.  x,  and  3),  while  the  rw/iV*Vof  the  lirnr 
fHuiky'f^K);  *'''L\ick"'A  '■""'c»e  is  composed  of  cells  anaIo^o«s  to  iho^e  of  the  surface  of 
hair.  'the  hair  iLself.    Toward  the  bulb  of  the  hair  these  three  layen 

Itecome  fused  together. 
[Coverings  of  a  hair  follicle  arranged  from  without  inward — 


S^>^ 


I.  Filirrous  layers, 


r  (a)  L.ongiiudinally  arranged  tibrous  tissue. 
\  (if)  Circularly  arranged  spindle  cells. 


i  Ilenle's  layer. 
\  Hoslcy's  loyer. 


3.  Giass-bke  (hyaline)  membrane. 

(  III)  Outer  root  sheath. 

3.  Epithelial  layers, '|  (t)  Inner  root  shcnth. 
(  \()  Cuticle  of  the  hair. 

4.  Thf  hair  itself] 

The  arrector  pili  muscle  (Fig.  39.1,  A)  is  a  fan-like  arrangement  of  a  layer  of  sinoutli  muncitUr 
Bhres,  nilnched  liclow  to  the  side  of  a  hair  rulticlt:  and  extending  toward  the  surface  of  the  chonum :  a< 
il  stretches  oblitfucly  upward,  it  subtends  tbe  obtuse  angle  formed  by  Ihe  hair  foUiclcand  the  siu-faccof 
tbe  fckin  [or,  in  other  words,  it  forms  an  acute  angle  with  the  hair  follicle,  and  Mween  it  and  tbe 
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fbltkte  lies  the  aebaceous  gland].  When  these  muscle*  contract,  the;  raise  and  erect  the  hair  rollt- 
clo,  |)rotliidii{;  ihe  cnitditioii  of  cutis  anserina  or  goosesHn.  As  the  s«luicrous  gland  lies  in  the 
an^lc  bdwren  the  mutclr  and  the  hair  foUicIc,  cunlraction  of  the  muscle  comprcssci  tJic  ^land  and 
fa*on  the  evacuation  of  the  sebaceous  secretion.  It  also  compresses  the  blood  ves*cU  of  the  papilla 
(  UMM41 ). 

The  bair  with  \\s  large  bulbous  extremity — hair  bulb — Mts  upon  or  rather  embracer,  the  papilla. 
It  conaiitUk  of  ( i )  the  marrow  or  medulla  ( Ki^.  294,  / *),  which  is  abacnt  in  woolly  hair  and  in  ibe 
hairs  formed  during  the  first  year  of  life.  It  is  composed  of 
two  or  three  rows  of  culiical  ceWs  (H,  c).  (3)  Outvdt;  ttiis 
tics  the  thicker  cortex  (<i),  which  consists  of  elongated,  rigid, 
homy,  fihroua  cells  ill,/,/),  while  in  and  between  these 
cells  lie  the  pigment  granuIeA  of  the  hair.  (3)  The  nurfoce 
of  the  hair  u  covered  with  a  cuticle  {i),  and  consists  of 
imiiricatci)  layers  of  non-nuclcnicd  squames. 

Oray  Hair. — When  the  hair  l>ecomes  gray,  as  in  old  age. 
this  is  due  to  defective  furmation  of  pigment  in  Ihe  cortical 
part.  The  silvery  apfiearance  of  white  hair  ia  increase<l  when 
small  air  cavities  are  developed,  especially  in  the  medulla  and 
lo  a  less  extent  in  ll»e  cortex,  where  tl»ey  rctlect  the  light, 
Laodois  records  a  case  of  the  hair  liecoming  suddenly  gray, 
in  a  man  whose  hair  became  gray  during  a  single  nighl,  in 
the  course  of  an  nttnck  of  delirium  tremens.  Numerous  hair 
spaces  were  foun<l  throughout  the  entire  marrow  of  the  (blond) 
hairs,  while  the  hair  pigmetit  siilJ  remained. 

[Blood  Pigment  in  Hairs. ^  The  feelers  of  albino  rab- 
bits cxmlain  in  mjuic  [lort  of  tlu-ir  subitlances  blood  pigment 
{Si(.  .\fayer).] 

Development  of  Hair. — .\ccordiDg  to  KSlliker,  from 
the  12th  lo  I3tb  week  of  intrauterine  life,  solid  finger  like 
pracesaes  of  the  epidermis  arc  pu.slied  down  into  the  chorium. 
The  pmcets  becomes  fla&k-shnpcd,  while  the  central  celU  of 
Ihe  cylinder  become  elongated  ami  form  a  conical  IkxIv. 
arising,  as  it  were,  from  the  depth  of  the  recess.  It  soon 
«liffcTcntiates  into  an  inner  darker  part,  which  becomes  llie 
hair,  and  a  thinner,  clearer  layer  covering  the  farmer,  the 
inniT  forth  sheath.  The  outer  cells,  i.e.,  those  lying  next 
the  wall  of  the  sac,  form  the  outer  root  sbenth.  Outside  IhLs, 
again,  the  t)l*rous  tissue  of  the  chonum  forms  a  rudimentary 
hair  follicle,  while  one  of  the  papill.?  growth  up  against  it, 
indents  it,  and  become*  embraced  by  the  bulb  of  the  hair. 
This  is  the  hair  pajiilla,  which  contairts  a  loop  of  blond 
TCSftets.  The  cdls  of  the  l»ulb  of  llie  hair  proliferate  rapidly, 
and  thus  the  hair  grows  In  length.  Tlie  point  of  the  linir  is 
thereby  gradually  pushed  upward,  pierce*  the  inner  root 
sheath,  ami  passes  obli(|uety  thrfKign  the  c]>idermis.  The 
hairs  apf)ear  apon  Ihe  forehead  at  the  19th  week :  at  the  33d 
to  35th  week  the  lanugo  hairs  ijipear  free,  and  they  have  n 
charact<Ti->t  ic  nrrangt-nietil  on  different  |>arts  of  the  body. 

Physical  Properties.— Hair  has  very  considerable  elas- 
ticity (stretching  to  0.33  of  its  tpngth).  coa'^idemble  cohesion 
(carrying  3  to  5  llis  ),  resists  putrefaction  for  a  long  lime, 
and  is  highly  hygroscopic.  The  last  {iropcrty  is  alw  |ios 
seaaed  by  epidrrmnl  ncalen,  as  is  proved  by  the  pains  that 
occur  in  old  wounds  ami  scars  duriiw  damp  weather. 

Orowib  of  a  hair  occurs  by  prolUeration  of  the  cells  on 
the  surface  of  the  hair  papilla,  ibestc  cells  representing  the 
mains  of  the  hair.  Layer  after  layer  is  fominl,  and  gradu- 
ally the  hair  is  raised  higher  within  its  follicle. 

Change  of  the  Hair. — According  to  one  view,  when  the  hair  has  reached  its  liilt  length,  the 
process  of  formaiion  on  the  mifface  of  the  hair  papilla  i«  interTU|>tod  ;  ihe  mot  of  the  hair  is  rnbied  from 
the  papilla,  becomes  homy,  remains  nlmost  devoid  of  pigmrnl,  and  is  gradually  more  and  more  tided 
upward  from  the  turfacr  nf  the  pninlla,  while  its  lower  bulbous  end  T«coinc«  ^(lil  up  like  a  liruOi. 
The  lower  emfxy  pan  nf  the  hair  follicle  heccmcs  smaller,  while  on  the  oM  papilla  n  new  (brmalir.n 
of  a  liatr  be^iuui,  the  old  hair  at  Ihe  same  time  felling  nut  I  ('huh).  Accnrding  tn  Slieda,  the  old 
papilla  disappears,  white  a  new  one  is  formed  in  the  hair  follicle,  and  from  it  the  new  hair  is  developed. 
Acoording  to  KfllUker,  again,  bcMh  processes  obtain. 


Section  of  >  luurfollUU  while  &  h:Ur  it  bciu 
•h«<l.  «,  outer  and  middl*  khnihs  «! 
hair  foDlcle,  h,  hyaline  membruw:  r, 
papilla,  with  »  capUUry ;  J,  outer,  r, 
inner  root  •heath  ;/  ciitkU  c»f  ihe  Ulter  ,- 
£,  cutlcte  of  the  hjir ;  i,  younf  non- 
mcdultale'l  hkir :  /,  lii>  of  new  ha>r :  '*, 
hskir  knob  oT  ihe  nhcil  hair,  with  jI,  the 
renaiackr  of  the  cait-oflT  outer  root 
*h«ath. 
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384.  THE  GLANDS  OF  THE  SKIN.— The  sebaceous  glands  (Kig.  294,  I,  T)  are 
simple  acinous  glatuls,  which  o^-ien  by  a  duct  into  the  hair  follicles  of  large  hairs  near  tlicir  ujiper 
put;  in  the  case  of  !«tiinll  hairs,  the)'  mny  pinjeci  from  the  duct  of  the  ginnd  (  Pig.  299).  In  some 
whintions,  ihc  di«rts  of  Ihc  glands  open  ficc  upon  ihf-  Mirfacc.  e.g.,  the  glftnds  of  labia  minora,  glan», 
prcimcc  (Tyson's  glanils),  aiid  the  ml  margins  of  Ihc  li]i<<.  Tlit*  laigts^l  glamU  occur  in  Ihc  nose  and 
in  tne  lal>ia;  they  are  alweni  only  from  the  vo^a  mnnua  aivi  plama  j^is.  The  ol}tong  alveoli  of  the 
gland  cousiiit  of  a  basement  metnhratic  liim)  utth  smnll  ]K)Iyltn]iaI  nucleate*.!  granular  secretory'  celU 
{Kig.  294,/).  Within  this  areolhtr  {mlyhcdral  cr!l.s,  whose  .fubstance  contains  nnmeioi)»  oil  glolniles; 
the  cells  l>ccomc  more  fatty  as  we  proceed  toward  the  centre  of  the  aJvooIu.s.  The  cells  Iming  tbe 
duct  are  continutms  witli  those  of  llic  outer  nml  ^heatli.  The  detritus  formed  by  the  fatty  mctamor- 
phosij.  of  the  cells  constitutes  the  sebum  or  sebaceous  secretion.  [If  the  "  oil  or  coccygeal  gland  " 
of  a  duck  be  removed,  it  is  found  tli?!.  when  the  animal  h  submerged,  it  takes  uji  IxTtwren  its  fealhen 
nliDUl  the  same  amount  of  water  as  on  intact  duck ;  hut  it  retains  2  to  2  !^  times  as  much  vralcr  in  its 
feathers  \A/ax  /ojefA].'] 

The  sweat  glands  (Fig.  394,  I,  i),  sometimes  called  sudoriparous  glands,  consist  of  n  long 
blind  tube,  whot>e  lower  end  is  arranged  in  the  fonn  of  a  coil  pl>ced  in  the  areolar  tissue  under  tbe 

skin,  while  the  somewhat  smaller  upper  end  or  excretory 
portion  winds  in  a  vertical,  slightly  wave-like  manna, 
through  the  ehorium,  and  in  a  corkscrew  or  spiral  manner 
through  the  epidermis,  where  it  opetu  with  a  free,  somewhat 
trum]jct  ;»hap*:d,  mouth.  The  glands  ore  very  numerooi 
and  large  in  the  palm  of  the  hand,  .<tole  of  the  foot,  axills, 
forehead,  and  around  the  nipple;  few  on  tlie  back  of  the 
trunk,  and  are  aliHent  on  the  glaiis,  prepuce,  and  margin  of 
the  lips.  The  circumanal  glands  and  the  ceruminous 
glands  of  tbe  external  auditory  meatus,  and  Moll's 
glands,  which  o|)en  into  the  Imir  follicles  of  the  eyelashes, 
are  modifications  of  the  sweat  glands. 

Kach  gland  tulir  fonsiht.s  of  a  hasi-mcnt  membrane  lined 
by  cells;  the  excretory  ^^lait  or  sweat  canal  of  the  tulie 
is  lined  by  sri'era^  layers  of  cubical  cells,  whose  surface  is 
covered  by  a  delicate  cuttculnr  la)'cr,  a. small  central  lumen 
being  left.  Wuhin  the  coil  ihc  Miudure  isdiffcn-nt.  The 
first  part  of  the  coil  resembles  the  above,  hut  as  the  cott  is 
the  true  secretory  pan  of  ilie  gland.  Us  >.tructurc  difTcn 
from  the  sweat  canal.  This,  itie  so-called  diihtl  portion  of 
the  tube,  is  lined  by  a  iini;ie  layer  of  moderately  Lall,  clear, 
nucleated,  cylindncal  epithelium  (Hg.  394,  S^,  often  con- 
laining  oil  globules.  Smooth  muscular  6l>res  are  arranged 
longitudinally  along  the  tube  in  the  large  glands  (Fig.  394, 
.S,  a).  There  is  a  distinct  lumen  jiresent  in  the  tulie.  As 
tbe  duct  EMIS.SCS  through  the  epidermis,  h  winds  its  way 
between  the  rpidermal  cell^  without  any  tndejicndeni  mem- 
bnne  lining  it  [I/fynctii).  A  network  of  capillaries  sur- 
rounds the  coil.  Before  the  arteries  split  up  uilo  capillaries, 
they  form  a  true  rcte  miralnle  around  the  cnil  \  BriifJte\. 
This  is  comparable  to  the  glomerulus  of  the  kidney,  which 
may  alsn  lie  regarded  as  arete  mirabile.  Numerous  nerves 
pass  to  form  n  plexus, and  terminate  in  tbe  glands(  Tamsa). 
'llie  total  number  of  sweat  glands  is  estimated  bj 
Krause  at  2^'.^  millions,  which  gives  a  secretory  surface  of 
nearly  iSoo  s(|uare  metres.  These  glanUs  tecrrte  troeai. 
Xevertheless.  an  oily  or  fntiy  substance  is  often  mixed  with 
the  sweat.  In  some  animals  (glands  in  the  sole  of  tbe  fnol 
of  the  dog,  and  in  birds)  this  oily  secretion  is  vrrj-  marked. 
Numerous  lymphatics  occur  in  the  cutis,  some  arise  by  a  blind  end,  and  others  from  loops  within 
the  p^utla  on  a  pinni;  lower  than  Ihc  vohCular  capillary,  [lliese  open  into  more  or  \ess  bori^onlal 
networks  ot  tuDular  lymphatics  in  the  cutis,  and  these  ogtun  Into  the  wide  lymphatics  of  the  subcu- 
taneous tissue,  which  ore  well  provided  with  valvcv]  Special  lym[)liatic  spaces  are  disposed  io 
rrlolinn  with  the  hair  follicles  and  their  glands  {A'eurtiitnn),  [and  also  with  the  fat  (A7r>n),  Tbe 
lymphatics  of  the  skin  are  readily  injected  with  Berlin  blue  by  the  puncture  method]. 

The  blood  vessels  uf  the  skin  are  arranged  in  srvcnd  systems.  There  i<^  a  superficial  systrn, 
from  which  proceed  the  capillaries  for  the  papilL-e.  There  is  a  deeper  system  of  vessels  which 
supidies  j^jccial  blood  vessels  to  (//)  the  fatty  tissue;  {(>)  the  hair  follicles,  eich  of  which  has  a 
special  vascular  arrangement  of  its  own,  and  in  connection  with  ihis  each  sebaceous  gland  reccites  a 
special  artery;  {c)  an  artery  goes  also  to  each  coil  of  a  sweat  glarul,  where  it  forms  a  dense  plexusof 
capillaries  (  Temin), 
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Sebaceoum  gbrid,  with  a  InniiED  h»ir.  a. 
grannlxr  cpiiheliucn;  h,  reie  Mnlpiehil 
coniinuuus  witli  i ;  c,  fatty  cclU  aoa  irc« 
fat;  </,  ftcini;  r,  h^ir  fullicle,  with  a  iinall 
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385.  THE  SKIN  AS  A  PROTECTIVE  COVERING.— The  sub- 
cutaneous  fatty  tissue  fills  up  the  depressions  between  adjoining  parts  of  the 
body  and  covers  projecting  parts,  so  that  a  more  rounded  appearance  of  the  body 
is  thereby  obtained.  It  also  acts  as  a  soft  elastic  pad  and  protects  delicate  parts 
from  external  pressure  (sole  of  the  foot,  palm  of  the  hand),  and  it  often  surrounds 
and  protects  blood  vessels,  ncncs,  etc.  It  is  a  bad  conductor  of  heal,  and  thus 
acts  as  one  of  the  factors  regulating  the  radiation  of  heat  (§  214,  II,  4),  and,  there- 
fore, the  lemjierature  of  the  body.  The  epidennis  and  cutis  vera  also  act  in  the 
same  manner  (§  21 2).  King  found  that  the  heat  conduction  is  less  through  the  skin 
and  sulxjutaneous  fatty  tissue  than  through  the  skin  alone ;  the  epidermis  conducts 
heat  less  easily  than  the  fat  and  the  chorium. 

The  solid,  elastic,  easily  movable  cutis  a^brds  a  good  protection  against  txtemaiy 
mechanical  injuries  :  while  the  dry.  imi)ermeal)le,  homy  epidermis,  devoid  of  nerves 
and  blood  vessels,  affords  a  further  protection  against  the  al)sorption  of  poisons,  and 
at  the  same  time  it  is  cajjable  of  resistingt  to  a  certain  degree,  thermal  and  even 
chemical  actions.  A  thin  layer  of  fatty  matter  protects  the  free  surface  of  the  epi- 
dermis from  the  macerating  action  of  fluids,  and  from  the  disintegrating  action 
of  the  air.  The  epidermis  is  im])ortant  in  connection  with  \\\k  fluids  of  the  body. 
It  cJcerts  pressure  ujion  the  cutaneous  capillaries,  and.  to  a  limited  extent,  prevents 
loo  great  diffusion  of  fluid  from  the  cutaneous  vessels.  Parts  of  the  skin  de\'oid  of 
epidermis  are  red  and  alwavs  moist.  When  dry.  the  epidermis  and  the  epidermal 
appendages  arc  bad  conductors  of  cleclricity  {§  326).  Lastly,  the  existence  of 
uninjured  epidermis  prevents  adjoining  parts  from  growing  together. 

As  the  epidermis  U  Inil  slightly  extensile  it  is  stretched  over  the  folds  and  papilLx  of  ihc  cutis  vera, 
whicit  tiec'Jines  level  when  ihe  skin  is  <itretched,  and  the  papilla;  may  even  disappear  with  strong 

286.  CUTANEOUS  RESPIRATION:  SEBUM— SWEAT.— Ihe 
skin,  with  asurlacc  of  more  than  \%  square  metre,  has  the  following  secretory 
functions: — 

1.  The  respiratory  excretion  ; 

2.  Tlie  secretion  of  sebaceous  matter  ;  and 
X.  The  secretion  of  sweat. 

[Besides  this  the  skin  is  protective,  contains  sense  organs,  is  largely  con- 
ceited in  regulating  the  temperature,  and  may  be  concerned  in  absorption.] 

I.  Respiration  by  the  skin  bos  been  referred  to  {\  131).  Ilic  organs  concerned  arc  ibe  tubes 
of  the  swc^  t;Iiin<U,  moUtencd  as  they  are  with  nui<U,  and  sunminded  by  a  rich  network  of  capillaries. 
Ii  is  uncertain  whether  or  not  the  akin  gives  off  a  small  amount  of  N  or  animotiia.  Kfihng  nude 
ex)>crinicnl&  ugiDn  an  arm  placed  in  an  air-ticfal  metal  tux.  Acconliii|r  to  him,  the  amnunt  of  CO, 
at>d  H,0  excreted  is  liubject  to  certain  daily  rariations;  it  is  increased  by  di};e^inn,  incrcasea 
tcni|>erAtuTe  of  the  surroundings,  the  application  of  cutaneous  stimuli,  and  by  irapcdin^  the  i>ubnonsry 
lespiraiinn.  The  exchange  of  gase«  also  depends  upon  the  vascularity  of  certain  part>>  of  the  skin, 
while  the  cutaneous  absoqition  of  O  also  depends  upon  the  number  of  colored  corpuscles  in  the 
bkiod. 

In  frogs  and  other  amphibians,  with  a  tbtn.  always  moist  epidermis,  the  cutaneous  respiration  is 
more  Considerable  than  in  warm-blooded  animaU.  In  winter,  in  frogs,  the  «kin  alone  yields  V  of 
the  tfital  amoant  of  ("'"'  i^  excreted ;  in  summer,  '-j'  of  the  i^amo  ( Buider) ;  thus,  in  thcM  animals  it  is 
a  more  tmpoitani  rcS)>tTaton'  or^An  ihnu  the  lung}>  thcniM;Ivcs. 

Suppression  of  the  cutaneous  activity  by  vomishinf;  or  dippin);  the  i^kin  in  oil,  causes  death 
b)r  asphyxia  |  frogs)  sooner  than  ligature  of  the  lungs.  Varnishing  the  Skin. — When  the  skin  of 
a  warm-bloodeti  animal  is  covered  with  an  imjiermealile  varnish  [«uch  lu  gelatin]  {Faurtauii, 
Bti^tterel^  Brethei\,  death  occurs  aAer  a  time,  prolmbly  owing  10  the  loas  of  too  much  heat.  The 
lormaiion  of  cr)'stalline  amroonio-magncsic  phosphate  in  the  cutaneous  tissue  of  such  animok 
\^E<tenkuiun)  ia  not  sufficient  to  account  fur  death,  nor  are  congestion  of  internal  organs  and  setuus 
cffuMons  satii&clOTf  expUnations.  The  retention  of  the  volatile  sobsunccs  (acids)  present  in  the 
nreat  h  not  auflktent.  Strong  animiU  lire  longer  than  feeble  oties;  hor«e«  die  after  several  days 
{Gtrtath'w  they  shiver  and  lo^^r  llesh.  'Ilie  larger  the  cutaneous  suf^ce  left  unvarnished,  the  later 
does  death  take  place.  Rabbits  die  when  ■^  of  their  surface  is  varnished.  When  the  entire  sur- 
fsGC  of  the  animal  is  Tamishe«l,  the  temperature  rapidly  nib  (to  19°),  the  pulse  and  ropirotioas 
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vary;  usually  ihey  fall  when  the  varnishing  process  U  lUnited;  increased  frequency  oi  respiration 
has  been  oliscrvwl  (^  225).  Pig*,  tlogs,  horses,  when  oneholf  of  ibe  body  U  »arnuhcJ.  cihibii 
only  (t  Icmporary  fnll  of  the  (empcrature,  ami  thovi  signs  of  wcAkness,  IaiI  da  not  die  \^FMentiet g/r 
ohJ  //0/mei$(fr).  [In  exteosive  burns  of  llie  skin,  not  only  Is  ihere  disinlc;;raiion  of  tbc  colored 
blood  corpiiKlcs  (f.  Lesser),  but  in  some  case^  ulcers  occur  in  the  duodenum.  The  cause  of  ibc 
ulceraiion.  Iwwever.  has  n<A  been  asceilaiaed  satisfactorily  (Cur/f'n^').] 

a.  Sebaceous  Secretion.— The  fatty  matter  as  it  is  excreted  from  the  acini  of 
the  sel>afeoiis  glands  is  fluid,  but  even  within  the  excretory  duct  of  the  gland  it 
stagnates  and  forms  a  white,  fat4ike  mass,  whit:h  may  sometimes  be  expressed  (at  the 
side  of  the  nose)  as  a  worm-like  white  body,  the  so-called  comedo.  The  sebaceous 
matter  keeps  the  skin  siipple,  and  |jrevents  the  hair  from  becoming  too  dry.  Mi- 
croscopically the  secretion  is  seen  to  contain  innumerable  fatty  granules,  a  few 
gland  cells  filled  with  fat,  visible  after  the  addition  of  caustic  soda,  crystals  uf 
cholesterin,  aiid  in  some  men  a  microscopic,  mite-like  animal  (Dcmodex  foUicu- 
lorum). 

Chemical  Composition. — Tbc  constituents  are  for  the  nio:^!  part  fatty  ;  chicRy  otnn  (fluid)  and 
tMlmitiH  (K>l)d)  fat.  soaps,  and  mme  cholesterin;  a  Mnall  amount  of  albumin  and  unknown  extrac- 
tives. Among  the  inorganic  coiutiluenls,  tlie  insoluble  earthy  phosphates  tsc  mufit  abundant;  while 
the  alkaline  chloridt-s  and  phas|ihates  are  less  nhundnnt. 

'fhe  vernix  caseosa  which  covers  the  skin  of  a  newborn  child,  is  a  greasy  mixture  nf  sebaceotu 
matter  and  inaccrnted  epidermal  celU)  containing  47.5  percent,  fat).  .\  similar  product  is  the  smepiia 
prseputiatis  (52.8  per  cent,  fat],  in  which  an  ammonia  soap  is  present. 

The  cerumen  or  du*  wax  is  a  mixture  of  the  sccretioas  of  the  ceruniinous  glands  of  the  car 
(similar  in  structure  to  the  sweat  glands)  and  the  sebaceous  glands  of  the  auditory  canal.  Beside* 
the  constituent*  of  sebum,  it  contains  yellow  or  brownish  particles,  a  bitter,  yellow  extractive  substance 
derived  from  the  cemminous  glands,  potash  aoqjo,  and  a  ffpedal  fat.  llie  accretion  uf  Ilic  Meibo* 
mian  glands  is  wbuin. 

[Lanoline. — IJctireicli  tlnds  in  feathcn,  hnirs,  wool,  and  keratin  tissues  generally,  a  cholesterio 
lot.  which,  however,  ii  not  a  true  fat,  although  it  saponifies,  but  an  ethereal  compound  of  certain  faily 
acids  with  cholesterin.  In  commerce  it  is  obtained  from  wool,  and  is  known  by  the  above  name:  it 
fonns  on  admiraljlcbo-sisfnrojntrnenis.ftnd  it  is  very  readily  alMorbed  bythe  skin.]  Thus. the fotlikt 
sahotanoe  (or  protecting  the  epidermis  is  ]Mm)y  formed  along  with  keratin  in  the  epidermis  itaelf. 

3,  The  Sweat. — The  .sweat  is  secreted  in  the  coil  of  the  sweat  glands.  As 
long  as  the  secretion  is  small  in  amount,  the  water  secreted  is  evaporated  at  once 
from  the  skin  along  with  the  volatile  constituents  of  sweat  ;  as  .stxjn,  however,  as. 
the  secretion  is  increased,  or  evaporation  is  prevented,  dro)js  of  sweat  appear  on  the 
surface  of  the  ."ilcin.  The  former  is  called  insensible  perspiration,  and  the  latter 
sensible  perspiration.  [Broadly,  the  quantity  is  about  2  lbs.  in  twenty-four 
hours.] 

The  sensible  perspiration  varies  greatly  ;  as  n  rule,  the  right  side  of  the  body  perspires  more  freely 
than  tbc  left.  The  pabus  of  the  bands  ^iccrctc  most,  then  follow  the  soitt  of  the  feel,  cheek,  Ucasi, 
npppr  arm.  and  forenrm  (/Vz/Vr).  It  falls  from  morning  to  mid-day,  and  ria*»  again  loward  evening, 
reaching  ils  maximum  Ijerore  midnight.  Much  moisture  and  cold  in  the  surrounding  atmcbphere 
diminish  it.  and  50  doMs  diurc?iis.  In  children,  the  iruouibte  i>erspiraUon  is  relatively  great  The 
drinking  of  water  favon  it,  alcohol  diminishes  it  { //.  S<hntid ). 

Method. — Sweat  i:»  obtained  from  a  man  by  placing  him  in  a  metallic  vessel  ta  a  warm  iMtb;  the 
sweat  is  rapidly  secreted  and  collected  in  the  vcmcI.  in  thi^  way  Favre  collected  2560  grammes  of 
sweat  in  i  •■J  hour.  \n  anu  miiy  be  inclosed  in  a  cylindrical  vessel,  which  is  hxed  air  light  mund 
the  arm  M-ith  an  ela^ic  Imndnge  ySchattin). 

Among  animals,  the  hori^c  i<wca.t&,  i»o  does  the  ox,  but  to  a  less  extent ;  the  vela  and  planta  of 
apes,  cats  aiid  the  hctlgi-hog  secrete  sweat ;  the  snout  of  the  jHg  sweats  {?),  while  the  gt^at,  ralJiil,  ral, 
mouse,  and  dog  are  said  not  to  sweat  {/.ucAsiM^er).  [The  skin  over  the  l>ody  and  the  pad  on  the 
dog's  foot  contain  numerous  sweat  glands,  which  open  free  on  the  surface  of  the  pod  and  into  the 
hair  follicles  on  the  general  surface  of  Ibc  skin  {IV.  S/ir/ini^).] 

Microscopically. — The  sweat  contains  only  a  few  epidermal  scales  accidentally  mixed  wHli  iti 
and  fine  fatty  granules  from  the  scbacemis  glands. 

Chemical  Composition. — Its  reaction  is  alkaline,  although  it  frequently  is 
acid,  owing  to  the  admixture  of  fatty  acids  from  decomposed  sebum.  Ounng 
profuse  secretion  it  becomes  neutral,  and  lastly  alkaline  again  {Trumpy  ami  Luck- 
singer).     The  sweat  is  colorless,  slightly  turbid,  of  a  saltish  tasU^  and  has  a  chorac- 
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teristic  odor  varying  in  different  |iar(s  of  the  body  ;  the  otior  is  due  to  the  presence 
of  vulalite  fatly  acids.  The  constituents  art  water,  which  is  increased  by  copious 
draught)  of  that  Huid,  and  solids,  which  amount  to  i.iSo  |>er  cent.  (0.70  to  2.66 
per  cent.— Awff*t^),  and  of  these  0.96  \kt  cent,  is  organic  and  0.33  inorganic. 
Among  the  organic  constituents  are  neutral  fats  ({lalraitin,  stearin),  alscj  present  in 
the  sweat  of  the  ijalm  of  the  hand,  which  contains  no  selxiceous  glands,  ckolesterin^ 
voiatiie  fatty  aeiJs  (chiefly  formic,  arctic,  buiyrir,  propionic,  cajiroic,  capric  acids), 
varying  qualitatively  and  quantitatively  in  different  parts  of  the  body.  These  acids 
are  most  abimdant  in  the  sweat  first  (acid)  secreted.  There  are  also  traces  of 
albumin  (similar  to  casein)  and  wrca.  about  0.1  |»er  cent.  In  unemic  conditions 
(anuria  in  cholera)  urea  has  been  found  crystallized  on  the  skin.  When  the  secretion 
of  sweat  is  greatly  increased,  the  amount  of  urea  in  Ihe  urine  is  diminished,  both 
in  health  and  in  urxmia  {Leube).  The  nature  of  the  reddish-yellow  pigment, 
which  is  extracted  from  the  residue  of  sweat  by  alcohol,  and  colored  green  by 
oxalic  acid,  is  unknown.  Among  inorganic  constituents,  those  that  arc  easily 
soluble  are  more  abundant  tlian  those  thit  are  soluble  with  difficulty,  in  the  pro- 
|)ortion  of  17  to  i  ;  sodium  chloride,  0.2  ;  [lotassium  chloride.  0.2  ;  suljjhates,  0.01 
jxrr  1000.  together  with  traces  of  earthy  phosphates  and  sodium  phosphate.  Sweat 
contaias  CO,  in  a  state  of  alisorption  and  some  N.  When  decomposed  with  free 
access  of  air,  it  yields  ammonia  ?alts  {Gorup- Besann). 

Excretion  of  Substances. — S^ome  salHtances  when  inti-oduccd  into  the  body  rcnppcfj  in  the 
sweat — bciizuic.  dnnamic,  tartaric,  and  succinic  acids  ore  readily  excreter) ;  f  {Uinine  and  (xHawdc  iodide 
Hith  more  difficulty.  Mercuric  chloride.  ar>cniiiu>  and  arMiuc  acids,  sodium  and  |>oia.^ium  an-rnlate 
have  aUo  been  found.  After  taking  ontcniotc  of  iron,  araeoioiu  acid  Koa  liccn  fuund  in  the  E>wcal. 
and  iron  in  the  urine.  Mcnrory  iodide  reappeara  as  a  chloride  in  the  sweat,  while  the  iodine  oocuis 
in  the  saliva. 

Formation  of  Pigments. — The  leucocytes  furnish  the  material,  and  the  pig- 
ment U  de]>o&itfd  in  granules  in  the  deei>er  layers,  and,  to  a  less  extent,  in  the  upper 
layers,  of  Ihe  reie  Malpighii.  This  occurs  in  the  folds  arotmd  the  anus,  scrotum, 
nipple  [es]x;cially  during  pregnancy],  and  e\er)'wherc  in  the  colored  races.  There 
is  a  diffuse,  whitish-yellow  pigment  in  the  stratum  comeura,  which  becomes  darker 
in  old  age.  The  pigmentation  dc[«nds  on  chemical  processes,  reductitm  taking 
place,  and  these  processes  are  aided  by  light.  (Iranular  pigment  lies  also  in  the 
laycR  of  prickle  cells.  The  dark  coloration  of  the  skin  may  be  arrested  by  free  O 
[hydric  peroxide],  while  the  corneous  change  is  prevented  at  the  same  time  (  C/nna). 

PmtholOKical. — To  this  t>elonfpt  the  fonnaiion  of  liver  spot^  nr  chloasma,  freckles,  and  the  ptg- 
Dientatiou  ol  Addiaon'a  disease  [{jigmentation  round  oldutccrs,  ctc.l  \^  loj,  IV).  T'llie  curious 
cases  of  pi|;nientalion,  especially  in  neurotic  women  e.g^.,  in  tlie  eycnds,  deserve  furtbcr  study  in 
relation  to  the  part  played  by  ibc  nervous  system  in  this  process.] 

287.  INFLUENCE  OF  NERVES  ON  THE  SECRETION  OF 
SWEAT. — Tlic  .secretion  of  the  skin,  which  averages  about  ^  of  the  body 
w-ight,  re.,  about  double  th;  amount  of  water  excreted  by  the  lungs,  may  t>e 
increaied  or  diminished.  The  liability  to  perspire  variesmuch  in  different  individ- 
uals. Tlie  following  conditions  influence  the  secretion  :  i.  Increased  temper- 
ature of  the  surroundings  causes  the  skin  to  l>ecome  red,  while  there  is  a  profuse 
secretion  of  sweat  (§  214,  11,  1).  C'old,  as  well  as  a  temiterature  of  the  skin  about 
50**  C,  arrests  thesccretion,  2.  A  very  watery  condition  of  the  blood,  ^..c-.,  after 
copious  draughts  of  warm  water,  increases  the  secretion.  Increased  cardiac  ard 
vascular  activity,  whereby  the  blood  pressure  within  the  cutaneous  capillaries  is 
in«  rcjsed,  have  a  similar  effect ;  increased  sweating  follows  imreaH'd  muscular 
activity,  3.  Certain  drugs  favor  sweating,  e.g.,  pilocarpin.  Calabar  l»ejn, 
btrychnm,  picrotoxin,  muscarm.  nicotin,  camphor,  ammonia  compounds;  while 
Othei^,  asatropin  and  morphia,  m  large  doses,  diminish  or  paralyze  the  setreliun. 
[Drugs  which  excite  copious  jjersfiiration,  so  that  it  stands  as  beads  of  sweat  on  the 
skin,  arc  called  sudorifics,  while  those  that  excite  the  secretion  gently  are  dia- 
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phoretics,  the  diflerenct  being  one  of  degree.  Those  drugs  which  leaiea  ihc 
secreiion  are  called  antihydrotics.]  4.  It  is  ini|)ortant  to  notice  the  anfagonism 
which  exists,  probaijly  upon  mechanical  grounds,  between  the  secretion  of  sweat, 
the  urinary  secretion,  and  the  evacuation  of  the  intestine.  Thus  copious  secretion 
of  urine  (e.g.,  in  diabetes)  and  watery  stools  coincide  with  dryness  of  the  skin. 
If  the  secretion  of  sweat  be  increased,  the  percentage  of  salts,  urea,  and  albumin 
is  also  increased,  while  the  other  organic  substances  arc  diminished.  The  more 
saturated  the  air  is  with  watery  vapor,  the  sooner  does  the  secretion  appear  in  drop* 
upon  ihe  skin,  while  in  dry  air  or  air  in  motion,  owing  to  the  rapid  evaporation, 
the  formation  of  drops  of  sweat  is  prevented,  or  at  least  retarded.  [The  com- 
plementary relation  between  Ihe  skin  and  kidneys  is  well  known.  In  summer, 
when  the  >kin  is  active,  the  kidneys  separate  less  water;  in  winter,  when  (he 
skin  is  less  active,  it  is  cold  and  comparatively  bloodless,  while  the  kidneys  excrete 
more  water,  so  that  the  action  of  these  two  organs  is  in  inverse  ratio.] 
The  influence  of  nerves  upon  the  sec:reiion  of  sweat  is  very  marked. 

I.  Just  xs  in  the  secretion  of  saliva  (§  145),  vasomotor  nerves  are  usually  in  j 
action  at  the  same  time  as  ihe  projier  secretory  nerves;  the  vaso-dilator* 
nerves  (sweating  with  a  rtii coNgestai -aVAn)  are  mobt  frctjuently  involved.  The  ^ai:j 
that  secretion  of  sweat  does  occasionally  take  place  when  the  skin  is  paU  (fcar.^ 
deaih  agony)  shows  that,  when  the  vasomotor  ner\-es  arc  excited,  so  as  to  consirict- 
the  cutaneous  blood  vessels,  the  sweat-secretory  ncr\e  fibres  may  also  be  active. 

Under  certain  circumFtanccn,  the  amount  of  blood  in  the  skin  seems  lo  determine  the 
fence  o\  sweating;  ihu^,  Dupuy  found  that  section  nf  the  cervical  sympathetic  causc>l  secretioo 
(hot  bide  of  ihc  neck  of  a  lionte;  while  Nitzclnndfl  fuund  that  percutaneous  clocihcal  slimulatkn < 
the  cervical  svmpatheiic  in  inui,  limited  the  sweating. 

[We  nuy  draw  a  parftllel  between  the  srcrction  of  saliva  imd  that  of  sweat.  Itoth  arv 
in  glands  derived  from  the  outer  tsiyer  of  the  embryo.  Roth  secretions  are  formed  from  lytnp<^^^^ 
supplied  bjr  ihr  blood  >treani,  and  if  ttiu  lymph  be  in  lufficient  quunlity,  secretion  may  take  [ilnrw  jii. 
when  there  it  no  circulation,  although  in  tmih  cases  •tecrelion  is  most  lively  whm  the  cirvuUiina 
most  active  ttnd  the  secrctoiT  nerves  of  both  are  excited  simultaneously ;  both  ^land^  have  secretoi 
nervea  dihtiiict  from  ihc  nrrvot  of  the  blood  vcswU ;  both  glands  may  be  paralysed  by  the  ai 
of  the  nen'ous  system,  or  in  disease  (feverj,  or  conversely,  both  are  parwytcd  by  airopln* 
excited  by  oihcr  drugs,  r.  ^ ,  pilocar^jin.  In  the  gland  cells  of  both,  histoloeical  chanses 
pany  the  secretory  act,  and  do  doubt  similar  electromotor  phenomena  occur  in  both  glands.] 

II,  Secretory  nerves,  altogether  independent  of  the  circulation,  control  t 
secretion  of  sweat.     Stimulation  of  these  nerves,  even  in  a  limb  which  has  bei 
amiHitated  in  a  kitten,  causes  a  iem]K)rary  secretion  of  sweat,  /'.  ^.,  after  compli 
arrest  of  the  circulation   {GoiiHy  Kendall  ami  Luehsinger^  Ostroutmno).     In   t 
intact  condition  of  the  body,  however,  iiroftjse  perspiration,  at  all  events,  is  alw 
associated  with  simuUaneaus  dilatation  of  the  blood  vessels  (Just  as,  in  stimuUtii 
of  the  facial  nerve,  an  increased  secretion  of  saliva  is  assotiiated  with  an  in 
blood  stream — §  145,  A,  I).     The  secretory  nerves  and  thase  for  the  blcmd 
seem  to  lie  in  the  same  nerve  trunks. 

The  secretory  nerves  for  the  hind  limbs  feat)  He  in  the  sciatic  nerve.     Lim ""'^ 

singer  found  that  stimulation  of  the  peri[)heral  end  of  this  nerve  caitsed  reiK a^    **'T.j 
secretion  of  sweat  for  a  [leriod  of  half  an  hour,  provided  the  fool  was  always  wipw  *'  J^ 
to  remove  the  sweat  already  formed.      If  a  kitten,  whose  sciatic  nerve  is  divided  ^        ^^ 
one  side,  be  placed  in  a  chamber  filled  with  heated  air,  all  the  three  intact  liia*-*-^** 


soon  begin  to  sweat,  but  Ihe  limb  whose  nerve  is  divided  does  not,  nor  does  it 
so  when   the  veins  of  the  limb  are  ligatured  so  as  lo  prodticc  con>;estlon  of 
blood  vessels.     [The  cat  sweats  only  on  the  hairless  soles  of  the  feet.]     As  to  1'^ 
course  of  the  secretory  fibres  to  the  sciatic  nerve,  some  pas  directly  from  1    "^ 
spinal  cord   i^Vulpian),  some   pass  into  the  alxlominal  sympathetic  (ZjwAf/J^^ 
Nawrotki,  Osfrtfumow),  through  the  rami  communicantes  and  the  anterior  5|Mir:» 
roots  from   the  upfK-r   luml>ar  and  lower  dorsal  spinal  cord  (9th  to  t3th  dorr—* 
vertebrae — cat),  where  the  sweat  centre  for  the  lower  limbs  is  situated. 
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The  sweat  centre  maybe  excited  directly:  (i)  By  a  highly  venous  condition 
of  the  blood,  as  during  d>sim(ea,  e.  g.,  the  secretion  of  sweat  that  sometimes  pre- 
cedes death  ;  (2 )  by  overheated  blood  (45°  C. )  streaming  through  the  centre  ;  (3) 
by  certain  ix)isons  (see  p.  495)-  The  centre  may  be  also  excitetl  reflexly,  although 
the  results  are  variable,  ^.g.,  stimulation  of  the  crural  and  peroneal  nervis,  as  well 
as  the  central  end  of  the  opposite  sciatic  nerve,  excites  it.  [The  pungency  of 
mustard  in  the  mouth  may  excite  free  |>erspiration  on  the  face.] 

Anterior  Extremity. — The  secretory  fibres  lie  in  ihe  ulnar  and  median  nerves, 
for  the  fore  limbs  of  ihe  cat ;  most  of  them,  or  indeed  alt  of  them  i^Nawrockt), 
pass  into  the  thoracic  sympathetic  (Ggl.  s(ellatmn).  and  part  (?)  nm  in  the  ner\e 
root*;  direct  from  the  spinal  cord  {Luihsinger,  Vu/piun,  Oii).  A  similar  sweat 
centre  for  the  upjxT  limbs  lies  in  the  lower  [jart  of  the  cervical  spinal  cord. 
Stimulation  of  the  central  ends  of  the  brachial  plexus  causes  a  reflex  secretion  of 
sweat  u|»on  the  foot  of  the  other  side  {Adamkietvict).  At  ihe  same  time  the  hind 
feet  also  pcrsjiire. 

Pathotogical. — Degeneration  of  the  motor  ganglia,  of  Ihe  anterior  horns  of  the  spinal  cord 
cauics  lo»  of  the  secrrtion  of  sweat,  in  addition  lo  [uralym  of  thr  voluntary  muscles  of  the  Ironic. 
Tbc  pen|Mration  is  increaKd  iti  parAly/ed  u  well  us  in  ^^vtlcmatouH  limbs.  In  nephriiiii,  there  are 
great  variations  in  the  amount  of  water  given  off  by  the  ftbin. 

Head. — 'I'he  secretory  fibres  for  this  part  (horse,  man,  snout  of  pig)  lie  in  the 
thoracic  s>-mpatheiic,  pass  into  the  ganglion  stellatmn,  and  ascend  in  the  cervical 
sympathetic.  Percutaneous  electrical  stimulation  of  the  cervical  sympathetic  in 
man,  causes  sweating  of  that  side  of  the  face  and  of  the  ann  {M.  Meyer).  In  the 
cephalic  portion  of  the  sympathetic,  some  of  the  fibres  pass  into,  or  become  applied 
to,  the  branches  of  the  trigeminus,  which  explains  why  stimulation  of  the  infra- 
orbital ner\e  causes  secretion  of  sweat.  Some  fibres,  however,  arise  MrecUy  from 
the  roots  of  the  trigeminus  {Luchsinger),  and  the  facial  {  Vulpian,  Adamkiewict). 
Undoubtedly  the  cerebrum  has  a  direct  effect  either  upon  the  vasomotor  nerves 
(p.  496,  I)  or  upon  the  sweat -secretory  fibres  (11),  as  in  the  sweating  produced  by 
psychical  excitement  (pain,  fear,  etc.). 

AdiniLiewicz  and  Senator  found  that,  in  a  miui  niffcring  from  alisccsft  of  the  motor  region  of  the 
oonex  ccretiri  for  the  arm.  there  were  spasms  and  perspiraiioa  in  the  arm. 

Sweat  Centre. — According  to  Adamkiewicz,  the  medulla  oblongata  contains 
the  dominating  s^veat  centre  (§373).  When  this  centre  is  stimulated  in  a 
cat,  all  the  four  feet  sweat,  even  three-tiiiarters  of  an  hour  after  death  {Adam' 
kietvicz ). 

III.  The  nerve  fibres  which  terminate  in  the  smooth  muscular  fibres  of  tht  sweat 
g/amis  act  upon  the  excretion  of  Che  secretion. 

rChangcs  in  the  Cells  during  Secretion. — Tn  the  reeling  glands  of  the  horse,  the  cylindrical 
celiA  arc  cle.ir  with  the  nucleus  near  their  attached  ends,  but  after  free  pctsptrition  ibcy  become 
granular,  and  their  nucleu.s  \s  mote  central  {Rin<tu(  l.] 

If  ihc  »wcat  nerves  be  divided  (catt,  injection  of  pflocarpm  causes  a  secrctioo  of  sweat,  ercn  at 
the  md  of  three  dnys.  After  a  longer  |>eriud  than  'ak  dav's,  there  may  be  no  fcccrrtion  at  all.  This 
observation  coincides  uith  the  phenomenon  of  drynew  of  the  tkm  in  paraly/ed  limits.  Dieffenliach 
Ibund  that  transp1anlc<l  porttunsof  skin  tir^t  began  to  sweat  when  their  scnsibiliiy  was  restored.  H 
a  motor  nrrve  ^tibiBl.  median,  facial)  of  a  man  be  fitimulatcd,  sweat  af)f)ean  rm  ihc  :tkin  over  the 
mutctilar  area  supfitic^l  by  the  nerve,  and  also  upon  the  corresponding  area  uf  the  o|ipoMte  dod- 
slimulated  side  01  the  bo<iy.  This  rcMjIi  occurs  when  the  ctrculitinn  i^  airvfitcd  as  well  as  when  it 
li  active.  Sensory  and  lliennal  stimulation  of  the  »kin  always  cbum:  n  bilateral  reflex  secrelion 
indrpcndcntly  of  ihe  circulation  'Ihe  arm  of  sweating  b  iodcpcndcnl  of  the  part  of  the  skin 
fItnraUted. 

lU.  PATHOLOGICAL.  VARIATIONS.— I.  Anidroais  cr  diminution  of  the  secretion 
of  awefll  occurs  in  diabetes  and  the  cancerous  cachexia,  and  olonr*  with  other  dislurlmnccs  of  nuln- 
tioD  of  the  skin  in  some  nervcm»  di^^a^es,  c.  ^.,  in  dementia  pAnil>iica:  \n  some  limited  regions  cf 
iHc  skin,  ii  has  occurred  in  certain  tropho- neuroses,  f-x't  in  unilaleral  ainophv  of  the  (ace  and  in 
paralyied  parts.  In  many  of  these  cases  it  dep«UMls  upon  paraljrsis  of  the  corrcsitDoding  nerves  or 
their  tfinal  sweat  temiru. 


k 


3' 


498 


CUT.\NEOUS  ABSORPTION. 


2.  Hyperidrosia,  ur  increase  ot  the  sccrerion  of  sweat,  occuri  ia  ea.Mly  exciubie  persons  in 
consequence  of  the  irritatiun  of  the  nervcii  conccrued  (j  2H8),  c.  ^.,  the  sweating  which  occurs  in 
dcbilitiled  conditions  and  in  the  h^'^terical  (sometimes  on  the  bend  and  hands),  and  the  ao-callcd 
cpiVploid  sweats  {Eu/miurg).  Sometimes  the  increa.se  is  confined  to  on^  side  of  thf  hetid  ( H. 
unlateralis}.  This  condition  is  often  accompanied  with  other  nors-ous  phenomena,  partly  with  the 
s/inixonu  of  paralysiis  of  the  cervical  sympathetic  (rcduess  of  the  face,  narrow  pupil),  partly  Mith 
symptoms  of  sthnulation  of  the  !<Ym]Kithriic  (dilated  pupil,  cxophihnlmos).  It  may  occur  without 
llicsc  phenomena,  and  is  due,  perhaps,  to  siimulonon  of  the  proper  secretorj'  litjic*  alone.  [Increased 
sweating  is  very  marked  in  certain  fevers,  bath  during  their  course  and  at  the  crisis-  in  loinei  while 
tbi  sweat  is  not  only  copious  but  acid  in  acute  rheumatism.  The  "nigbt  sweats"  of  phthisic  are 
very  marked  and  disajp-eeablc.) 

3.  Paridrosis  or  qualitative  changes  in  the  sccretioii  of  sweat,  e.  <;.,  the  rare  case  of  "  sweafing 
of  btooii"  (hsematohldrosis^,  '\*.  sometimes  unilateral  According  In  Hehra,  in  some  cases  this 
condition  represents  a  vicarious  form  of  mensiniation.  It  is,  however,  usually  one  of  many  pbe- 
nomeiia  of  nervous  ofTectioos.  Uloody  su-cnt  sometimes  occurs  in  yellow  fever.  Bile  pigments  have 
l>r«n  found  in  the  sweat  in  jaundice;  blue  sweat  from  indigo  [Bisio),  fmm  pyocyanin  (the  rare  blue 
coloring  matter  of  pits'),  or  from  phosphate  of  the  oxide  of  iron  ( Osc.  K\-l/mann\  l*  extremely  rare. 
Such  colored  sweals  ore  called  chromidrosis.  Numerous  micro-organism  a  ( which,  however,  are 
innocuous)  live  between  the  epidermal  scales  and  on  the  hairs,  two  vorietiea  of  Saccfaoromycetes;  in 
cutaneous  folds  LcptoiUrin  cpidermalis,  various  Schlzomycctcs,  and  five  kinds  of  Micrococci;  and 
brtween  the  toes — Bacterium  graveolcns  {Bordoni-UffreduvU),  which  causes  the  odor  of  the  sweat  of 
the  feet.  Microorganisms  arc  aUo  the  cause  of  yellow,  blue,  and  red  &wcal;  ibc  last  va  due  lo 
Micrococcus  h:eniatodfs. 

Grape  ntgar  occurs  in  the  sweat  in  diabetes  tztellitus;  uric  acid  and  cysUn  ver^*  rarely;  and  in  the 
5went  of  stinking  feet,  leucin,  tyroain.  valerianic  acid,  and  anuuonia.  Stinking  sweat  (broraidrosis) 
is  due  to  the  dccompo-iilion  of  the  sweat,  from  tbe  pre.-icnce  of  a  s-jiccial  microOrganiMU  (Uactoium 
Arlidum — Thin).  In  the  sweating  stage  of  ague  but)TBie  of  lime  has  bccti  found,  while  in  the 
sticky  sweat  of  acute  articular  rheumatu:m  there  is  more  albumin  {Anselmino),  and  the  some  U  ilie 
case  in  artiticial  sweating  {Leube'w  lactic  ncid  is  present  in  tbe  sweat  in  puerperal  fever. 

llie  sebaceous  secretion  is  sometimes  increased,  constituting  seborrhcea,  which  mny  he  local  or 
general.  It  may  be  diminished  lAsteatosis  cutis).  The  sebaceous  glands  degenerate  in  old  people, 
and  bence  iht?  glancing  of  tbe  skin  {Rimy\.  If  the  duels  of  the  glands  are  occluded  tbe  setnim 
accumulates.  Sometimes  the  duel  is  occladed  by  black  particle?  or  ultramarine  {Cnna^  from  the 
blue  use<l  in  coloring  the  linen.  When  pres-ircd  out,  the  fatty  worm-stin|>e(l  secretion  it  called 
*'  comedo." 

»«fl.  CUTANEOUS  ABSORPTION— GALVANIC  CONDUCTION.— After  long  im- 
mersion in  water  the  superiicial  layers  of  the  epidermis  become  moist  and  JtWcll  up.  The  skin  t>^ 
unable  tn  absorb  any  sulntanccs,  either  salts  or  vcgclable  poisons,  from  watery  solutions  of  these- 
This  is  due  lo  the  fat  normally  present  on  ihe  epidermis  and  in  the  pores  of  the  skin.  If  the  fat  !« 
removed  from  the  skin  by  alcohol,  elber.  or  chloroform,  absorption  may  occtu'  in  a  few  minules 
{Pariiot).  According  to  Kfthrig,  all  volatile  substances,  e.g.,  corbolic  acid  and  othen,  which  act 
u]M»n  ami  corrode  tbe  epidermii,  arc  capable  of  absorption.  While,  according  to  Juhl,  such  watery 
solutions  as  impinge  on  the  fliin.  in  n  tinely  divided  spray,  are  also  capable  of  absorption,  which  very 
probably  lakes  place  ihiouyh  the  interstices  of  the  epidermis. 

[Inunction. — When  ointments  arc  nibbed  into  the  skin  so  a>  to  pres.<i  tbe  substance  into  tbe 
porvs,  absorption  occurs,  ^.^.,  potassium  iodide  in  an  ointment  so  rubbed  in  '\%  absorbed;  so  ia  mercu- 
rial ointment,  v.  Vi»t  found  globules  of  mercury  between  the  layers  of  the  epidermis,  and  even  in 
the  chorium  of  a  person  who  was  executed,  into  whose  skin  mercnnol  ointment  had  been  previously 
rubbetl.  The  mercury  (•lobules,  in  ca&es  of  mercurial  inunction,  pass  into  the  hair  follicles  and  ducts 
of  ihe  glands,  where  they  ore  aflccted  l>y  the  secretion  of  the  glands  and  transformed  into  a  compound 
capable  of  absorplion.  An  abraded  or  inflamed  surface  i^e.g.,  after  a  bltst«r),  where  tbe  cpidcnnis 
is  removrv],  absorbs  very  rapidly,  just  like  the  surface  of  a  wound  (Endermic  method).] 

[Drugs  may  be  applied  locally  where  the  epidermin  is  intact — epidermic  method — as  when 
drugs  wliich  affect  the  sensory  nerves  of  a  part  are  painted  over  a  painrul  area  to  iliminish  the  pain. 
Another  method,  the  hypodermic,  now  largely  used,  is  ihat  of  injecting,  by  means  of  a  hypodermic 
syiingc,  a  non-corrosive,  nou-irntant  drug,  in  suluti'>n.  into  the  subcutaneous  tissue,  where  it  practi- 
cally posses  into  the  lymph  spaces  and  comes  into  direct  relation  wiib  ihc  lymph  and  blood  stream; 
absorption  takes  place  with  great  rapidity,  even  more  so  than  from  the  stomach.] 

Gases.  —  Under  normal  cnnditiont*,  minute  tract-s  of  f>  are  aUsorbed  from  the  air  ;  hydrocyanic  add, 
sulphuretted  hydrogen — CO,  CX*^.  the  vapor  of  chlorofurm  and  ether  may  be  absorbed  (Chitmsitr, 
G/rlacH,  fidhris;).  In  a  hath  conuiniug  sulphuretted  hydrogen,  this  gas  is  absorbed,  while  LX>,  b 
given  off  into  the  water  yRSftri^). 

Absorption  of  watery  solutions  Inkes  place  rapidly  through  the  skin  of  the  frog  {Gttttmatn^ 
tV.  Stir/inc,  !•■  li'ttfUk\.  Even  after  the  circulation  i**  excluded  and  the  central  nervous  systeni 
destroyed,  much  water  i^  alnorbed  through  the  skin  of  the  frog,  but  not  to  such  an  extent  as  when 
(he  circalalion  u  intact  [Spina). 
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Qalvmnic  Conduction  through  the  Skin. — If  the  two  electrodes  of  «  eomtaut  current  be 
imprcf^aled  with  a  watery  solutioo  of  ccrtatn  suItsUnCes  and  applied  to  the  sicin,  and  if  the  direction 
of  the  current  be  change*!  from  lime  la  time,  sln-chnin  may  t>c  caused  to  jjas*  through  llie  *kin  uf  h 
rabbit  in  a  few  minuie«,  and  that  in  siiOiclent  ainuunt  to  kill  the  animal  (//.  Munk\.  In  man,  quinine 
.and  potassium  iodide  have  been  iutroducc-d  inli>  the  liody  iu  this  way,  and  their  presence  detected  in 
the  urine.     This  pr>ccss  i»  called  the  cataphoric  action  of  the  constant  current  (^  32$). 

390.  COMPARATIVE— HISTORICAL.— In  all  vertebrates,  the  skin  consUls  of  chorium 
and  cpidermti.  In  Mime  reptiles  (he  epidermis  becomes  horny,  and  funiis  lar^e  plates  or  scales, 
Similar  slmciures  occur  in  the  edenlain  among  mammals.  The  epidermal  appendages  assume 
various  forms,  such  a»  hair,  nail,  spines,  btistlcs,  featbcra,  claw:>,,  hoof,  horns,  spurs,  etc.  The  scales  of 
some  li&lies  are  ]>arlly  ctsseous  Htrticturcs.  Many  glands  occur  in  the  ^Lin ;  in  some  amphibia  they 
secrete  mucus,  in  others  the  secretion  is  poisonous.  Snalte^  and  tortoises  are  devoid  of  cutaneous 
glaud&;  in  tixard^  the  "  leg  glands"  extend  from  the  anus  to  the  bend  of  the  knee.  In  the  croco- 
dile, the  glands  open  uniler  the  margins  of  the  cuianco-osscoua  scales.  In  birds,  (he  cutaneous 
glands  are  aUtent ;  the  "  coccygeal  glands  "  form  an  oily  secretion  for  lubricating  the  feathers. 
[This  is  denied  by  O.  Liebreich,  a>hc  tinds  nocholesterin  fals  in  their  secretion.]  The  ht'ft ^lunds, 
at  the  anusof  the  civet  cat,  the  preputial  glands  of  the  mu&U  deur,  the  glands  of  the  btuv.  and  the 
peflal  glands  of  rumtnints,  are  really  greatly  developed  sebaceous  glamis.  In  some  invertebraia, 
the  skin,  consi.siing  of  epidermis  and  choriura,  is  intimately  united  with  the  subjacent  muscles,  form- 
ing a  muscuto-cutancous  tube  for  thet>ody  of  the  animal.  The  cephalopoda  have  chroma  top  hores  in 
their  skin,  1.  c.  round  or  irregular  spaces  61led  with  colored  granules.  Muscular  liKres  are  arranged 
radially  around  these  spaces,  so  that  when  these  muscles  contract  the  colored  surface  is  increased. 
The  change  of  color  in  these  animals  is  dae  to  the  play  or  controaion  of  these  muscles  {Briicke). 
Special  glands  are  concerned  iu  the  production  of  the  shell  of  the  snail.  The  annulosa  arc  covered 
with  a  chitinous  investment,  which  is  continued  for  a  certain  distance  along  the  digestive  tract  and  the 
trachen:.  It  is  thrown  olT  when  the  animal  sheds  its  covering.  It  not  only  protects  the  animal,  bu 
it  forms  a  structure  fur  the  attachment  of  muscles.  In  echinodertnala,  the  cutaneous  covering  con> 
tains  calcareous  masses ;  in  the  holothurians,  ihc  calcareous  structures  assume  the  form  of  Cttlcareou£> 
spicules. 

Historical. — Hippocrates  (born  460  B.C.)  and  Theophrastus  (born  371  B.C.)  distinguished  the 
perspiration  from  the  sweat;  and,  according  to  the  latter,  the  secri;lion  of  sweat  stands  in  a  certain 
aalagonisiic  relation  to  the  urinary  secretion  and  to  the  water  in  the  Oecc«.  According  to  Cassiu» 
Fctix  (97  A.I).),  a  person  placed  in  a  bath  absorb.«  water  through  the  skm ;  Sonctotius  (1614)  meas- 
ured the  amount  of  sweat  given  off;  Alberti  (1581)  was  acquainted  with  the  hair  bulb;  Donatuit 
(15S8)  described  hair  Incoming  gray  suddenly ;  Riolan  (1626)  showed  that  the  color  of  the  skin  of 
the  negro  was  due  to  the  epidermis. 
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291.  [CILIARY  MOTION— PIGMENT  CELLS.]— [<'0  Muscular 
Movement. — By  far  the  greatest  number  of  the  nimcmnits  occurring  in  our 
bodies  is  arconiplished  through  the  agency  of  muscular  fibre,  which,  when  it 
is  excited  by  a  stimulus,  contracts,  /.  /■,,  it  forcibly  shortens,  and  thus  brings  its 
two  ends  nearer  together,  while  it  bulges  to  a  corresponding  extent  laterally.  In 
muscle,  the  contraction  takes  place  in  a  definite  direction.] 

[(^)  Amoeboid  Movement. — Motion  is  also  exhibited  by  colorless  blood 
corpuscles,  lymph  corpuscles,  leucocytes,  and  some  other  corpuscles.  In  the&e 
structures  we  have  examples  of  amueboid  niovcraent  (§  9),  which  is  movement  in 
an  indefinite  direction.] 

[(*-;  Ciliary  Movement. — There  is  also  a  peculiar  form  of  movement,  known 
as  dliarv  movement.  TIiltc  is  a  gradual  transition  between  these  different  forms 
of  movement.  The  cilia  which  are  attached  to  the  ciliated  epithelium  arc  the 
motor  agents  (Kig.  300).] 

[Ciliated  epitbelium — where  found. — In  the  muni  mucoiu  memhranc,  except  the  olfactory 
region ;  the  cavities  accessory  lo  the  nose ;  the  upjier  half  of  llic  pharynx.  Ku^lachian  tal>e,  lar}-nx, 

trachea,  and  bronchi ;  in  the  uterus,  except 
the  lower  half  of  the  ceivix;  Fallopian 
lubes;  va&a  cHerenlia  lo  the  tower  end  of 
epididymis;  ventricles  of  brain  (child); 
and  the  central  canal  of  ihe  spinal  cord.] 

[The  cili*  arc  flaltened,  Vl  ad  dike  or 
hair- like  appendages  attached  to  the  free 
end  of  the  cells.  They  ore  alwut  yVirv 
inch  in  length,  and  arc  apparently  homo- 
geneous and  structn relets.  Thry  ore  planted 
upon  a  clear,  non-conirictitc  disk  on  the 
&ec  end  of  thv  cell,  and  »ome  ohoerver* 
ittete  that  they  pass  throogh  the  disk  to 
become  continuous  with  the  nrnloplasin  of 
the  cell,  or  with  the  plexus  of  fibrils  which 
pervade*  the  proimjlasro,  so  that  by  some 
observers  ihey  are  regarded  as  prolongations  of  the  intracpitheliil  plexus  of  fibrils.  They  are  spe- 
cially modified  parti  of  an  epithelial  celt,  and  are  contractile  and  elastic.  'Iliey  ore  coIorlcHi, 
tolerably  strong,  not  colored  by  sTnJriiny  reayenLs,  and  are  posw^scd  of  conMderable  rigidity  and 
tlcnibility.  They  arc  always  cnntirctcd  with  the  protopbum  of  cells,  and  are  never  oolgrowtlus  of 
the  soliii  cell  merobrancs.  There  ni.iy  be  ten  to  twenty  cilia  distributed  uniformly  on  tlie  free  surfitce 
of  a  cell  (Fig,  300).] 

[In  Ihe  large  ciliated  cells  in  the  intestine  of  some  moUusks  (tiiUMel),  the  ci'ia  perfnratc  the 
clear  refractile  disk,  which  ai>pcars  to  constU  of  Kmatl  glnbult-s — basal  pieces — united  Xtj  their 
edce,  so  that  a  cilium  seems  to  .spring  from  each  of  these,  while  continued  downward  into  th«  pro> 
(opiasm  of  the  cell,  but  not  attached  to  the  nucleus,  there  i«  n  sini^le  varicose  t'ibril — TY>otlct,  and 
the  leash  of  these  fibriU pluses  through  the  sulHioncc  uf  the  cell  and  may  unite  toward  its  luwit  lailnl 
extremity  \Engf!m<iHn).\ 

[Ciliary  motion  may  l>e  studied  in  the  gill  of  n  mu^.'wl,  a  1  the  gill  being  rpavit  to 

tea  UHifer ;  or  the  hard  palate  of  n  frog,  rtcwly  killed,  may  be: 
3^  p.  c.  uli  solution.     On  analysing  the:  movement,  all  diej  " 
periodic,  lo-and  fro  rhythmical  movement  in  a  plane 
direction  of  the  movement  being  parallel  to  the  long  uid 
by  the  movements  of  the  cilia  is  sometimes  disioibcd 
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mored  by  the  wiod.  Each  vibration  of  a  cil!nm  consisis  of  n  rapid  fonrarcl  movMncm  or  Aexioa, 
the  tip  moving  naore  thao  the  baiM,  and  a  slower  bacUwanl  movement,  the  cilium  again  Mraighiening 
itself.  The  forward  nioveintml  h  about  twice  a»  rapid  as  the  hnclcward  imiveraent.  Tbe  amplitude 
of  th«  movement  varies  according  to  the  kind  of  cell  and  other  conditions,  being  leu  when  the  cells 
are  about  to  die,  but  it  is  the  souic  for  alt  the  cilia  attached  to  one  cell,  aod  h  Kidom  more  than  20° 
to  50".  There  is  a  certain  periodicity  in  their  movement ;  in  the  fmg  ihcy  contract  about  twelve 
limes  per  second.  The  result  of  (he  rapid  forward  movement  is  that  the  surrounding  fluid,  and  any 
jMrticles  it  may  contain,  arc  mnved  in  the  direction  in  which  the  cilia  tx^nd.  All  the  cilia  of  adjoin- 
ing cells  do  not  move  nt  once,  liui  in  regular  succeauoOt  tbe  movement  traveling  from  one  cell  10  tbe 
other,  but  how  Ihb  co-ordination  i^  Wought  about  wc  do  not  know.  At  Icaist  it  i»  quite  independent 
of  the  nervous  .lystcm,  as  ciliary  movrment  goe«>  on,  in  isolated  cclU.  and  in  man  it  has  been  olnerved 
in  (lie  trachea  two  days  after  death.  Conditions  (or  movement. — In  order  that  ciliary  move- 
mem  maf  go  on,  it  Is  essential  that  ( i)  the  ctlia  be  connected  with  pan  of  a  cell;  (x)  moisture;  (3) 
oxygen  be  present;  and  (41  the  temperature  be  within  certain  limits.] 

[A  ciliated  epithelial  cell  is  a  good  example  of  the  phyaiological  dtviaion  of  labor.  It  it 
derived  from  a  cell  which  ortgiDaJly  held  motor,  automatic,  ami  nutritive  functions  all  combined 
in  one  mass  of  protoplasm,  but  in  the  fully  devc1ij|)cd  cell,  tbe  nulrjlive  and  regulative  functioiM 
are  conlined  to  the  protoplasm,  while  the  cilia  alone  are  contrnctite.  If  the  cilia  be  separated 
&om  the  cell,  they  110  longer  move.  H,  liowewr,  a  cell  be  divided  xt  that  pait  of  it  remains 
otiached  to  the  cilia,  tbe  latter  still  move.  The  nucleus  is  not  essential  for  thU  act.  It  would 
bcem,  therefore,  thaX  tlu>ugh  the  cilia  arc  contractile,  the  motor  impulse  probably  proceeds  from  the 
Cell,  tlach  Cell  can  reflate  its  own  nutrition,  for  during  life  they  resist  the  entrance  of  cettaia 
colored  fluids.  1 

i  Effect  of  Reagents. — <  Icntle  heat  accelerates  the  number  and  intensity  of  the  movements, 
d  retards  Ihcm.  A  temperature  of  45"  C  causes  coagulation  of  their  proleidi,  makrs  them  per. 
nioncntly  rigi<(,  and  kills  them,  Ji»t  in  the  same  way  as  it  acts  on  iniLwle,  causing  heat  slidcning 
(I  ^Sf  ')■  Weak  alkalies  may  cause  them  to  contract  after  (heir  movement  is  arre*>ted  or  nearly 
so  (  f'r>(-^OTi'),  and  oil)'  current  of  Hui<l  in  fact  may  i\o  so.  Lister  showed  that  the  vapor  of  ether 
and  chloroform  arrest.s  the  movements  as  long  as  the  narcosis  lasts,  but  if  the  vapor  be  not  applied 
for  loo  long  a  time,  the  cilia  may  begin  to  move  again.  The  prolonged  action  of  the  vapor  kilb 
them.  .Xa  yet  we  do  mrf  know  any  S[>ecinc  poison  for  cilia — atropin,  veralrin,  and  curara  acting  Uke 
other  substances  with  the  same  endosmotic  e«juivalent  (£ii^f/ma/im)J] 

[Functions  of  Cilia. — The  moving  cili.i  propel  fluids  or  particles  along  the 
passages  which  ihey  line.  By  carrying  secretions  along  the  tubes  which  they  line 
toward  where  these  tubes  open  on  the  surface,  they  aid  in  excretion.  In  the 
respiratory  passages,  they  carry  outward  along  the  bronchi  and  trachea,  the  mucus 
formed  by  the  mucous  glands  in  these  regions.  When  the  mucus  reaches  the 
larynx  it  is  cither  swallowed  or  coughed  up.  That  the  cilia  carry  particles  upward 
in  a  spiral  direction  in  the  trachea  has  been  proved  by  actual  laryngoscopic  inves- 
tigation, and  also  by  excising  a  trachea  and  sprinkling  a  colored  powder  on  its 
mucous  tnembrane,  when  the  colored  particles  (Berlin  blue  ur  charcoal)  are  slowly 
carried  toward  the  upper  end  uf  the  trachea.  In  bronchitis  the  ciliated  epithe- 
liutn  is  shed,  and  hence  the  mucus  tends  to  accumulate  in  the  bronchi.  I'hey 
remove  mucus  from  cavities  accessory  to  the  nose,  and  from  the  tymi^anum,  while 
the  ova  are  carried  partly  by  their  agency  from  the  ovary  along  the  Fallopian  tube 
to  the  uterus.  In  some  of  the  lower  animals  they  act  as  organs  of  locomotion, 
and  in  others  as  adjuvants  to  respiration,  by  creating  currents  of  water  in  the 
region  of  the  organs  of  respiration.] 

[The  Force  of  Ciliary  Movement. — Wyman  and  Bowditch  found  that  the  amount  of  work 
thot  can  Ite  done  tiy  cilia  t<i  very  considerable.  'lite  work  was  estimated  by  the  weight  which  a 
mea.surcd  surfiice  of  the  mucous  membrane  of  tbe  frog's  hard  palate  was  alile  to  carry  up  on  inclined 
plau'  (tf  a  definite  slojje  in  a  given  time  ] 

[Pigment  cells  Ifclong  to  the  grouu  of  contractile  tissues,  and  arc  well  derelopcd  in  (he  frog, 

-titmjU  where  their  characters  have  been  carefully  studied.     n>cy  are  generally 

thlf  to  branched  connectivetis&ue  cur^>uscles,  loaded  with  pigmented  granules  of 

jiient  granules  may  be  dtlTused  in  the  cell,  or  aggregated  aruunil  the  nucleus;  in 

-;  skin  of  the  frog  appears  dark  in  color,  in  the  latter,  it  is  Imt  slightly  pigmented 

•ion  has  been  ratted  whether  they  arc  actual  cell*  or  merely  spaces,  branched. 

th  KT^umles  \n  su.'cpension.     In  any  case,  they  Dndervo  marked  changes  of 

''rr%.      If  ihr  mmor  nerve  to  one  leg  of  a  frog  be  divided,  tbe  skin  oif  the 

"'Iv  li   -  ,  oUiT  than  the  intact  leg-     A  »imilar  result  Is  seen  in 

I  ^d  except  the  nerve.     Local  app1ica(ions  affect  the 
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»i*Aie  of  diflusion  of  the  pigment,  as  v.  Witlicb  found  ttiat  turpentine  or  electricity  caused  the  celU  of 

(be  Ircc  frog  to  conlracl,  and  the  s^nme  tdcci  is  prcKluccil  by  light.      In  Rana  tempnraria  local   imta- 

Eton  has  little  effect,  but  li^bt,  tm  ibe  contrary',  bns,  Although  the  effect  of  hgbt  seems  to  be  brought 

ilxmt  ihrotigh  ibe  eye,  probably  by  a  reHot  mechanism  [Lister).     A  palc-cotorcd  fnig,  \nA  in  a  dork 

place,  assume*,  aftrr  n  time,  a  different  color,  a*  the  pigment   \s  dilTusod   in  the  dork;    Irul   if  it   lie 

expusetl  to  A  liright   light  it  wwn   becomes  pale  ngoin.      The  same  pheoomeiinn  may  l«e  st-en  on 

studying  the  web  of  a  fn>g'>'  leg  under 

KlG.  301.  the  microscoix-.    The  iiurked  variations 

of  color— williiu  a  certain  range — in 

the  chameleon  It  due  to  thecondiiioa 

of  the  pign^cnt  celU  in  its  ^kin,  coveted 

as  they  are  by  epidermi<t,  containing  a 

thin  stratum  uf  air  [Hrftcte).    When  it 

b  pois(;ncd   with  strychnin,  it<t  whole 

body  txuTis  pale;   if  it   be  ill,  its  l>ody 

becumei  spotted  in  a  dendritic  fashion, 

and  if  its  cutaneous  nerves  l^te  divided, 

the  area  »up]>lied  by  the  ner^-e  changes 

lo  black.     The  condition  of  it«  skin, 

Ihcrefcre,  is  readily  affected  by  the  con- 

dition  of  its  nervoos  »'steni,  for  psy> 

chic»l  evcitetnent  also  alters  its  color. 

If  the  syni[Milhctic  nerve  in  the  neck  of 

a  turlx)t  lie  divided,  the  likin  on  the 

..   ,        ,         ,    ,,      ,  ,  ....  riorsai  part  of  the  head  liecomes  black. 

PiiimcnlcelUfrom  Iheweboifrog  sfoot;  ji,  cell  wiin  pigment  eranitle*  1,   ■    „^,„^™„  ,u-.   *u.  .»i.^.  ^r  f,^Um^ 

iiilTuwd:  t,  cmoulo  mon:  wnccow^id.  c,  moi^  con<!^trai«d  ,"  '*  notorious  ihnl  the  coIor  of  fishe* 
uUI :  d,  cclU  Willi  guaitin  granule*  {Stiriing^.  U  adapted  la  the  Color  of  their  envirun- 

mcnl.      If  the   nerve  proceeding   frnm 

the  stellate  ganglion  in  the  mnntle  of  a  cuttlc-tuh  be  divi<]cd.  the  skin  od  one-half  of  the  body 

becomes  pole.] 

[Guanin  in  Cells.  —  Besides  the  pipnent  cells  in  the  uel>  of  a  frog's  foot 
fesjiccially  in  Rana  tettiporaria)  there  are  other  cells  which  contain  granules  of 
giianin  (Fig.  301.  ti).  If  the  web  of  a  frog's  fool  Iw  mounted  in  Canada  lialsain 
and  examined  micro-scopically  between  crossed  Nicol's  prisms,  each  giianin  cell 
is  seen  lo  contain  numerous  veiy  strongly  doubly  refractive  granules  of  guanin 

f§  283)] 

292.  STRUCTURE  AND  ARRANGEMENT  OF  MUSCLES  — 
[Muscular  Tissue  is  endowed  with  contractility,  mj  that  when  it  is  acted  upon 
by  certain  forms  of  energy  or  stimuli,  it  contracts.  There  are  two  varieties  of  this 
tissue — 

( I )  Stripetl.  striated  (or  voluntary) ; 

(a)  Non-striped,  smooth,  organic  (or  involmalary). 

Some  muscles  are  completely  under  the  control  of  the  will,  and  arc  hence  called 
**  voluntary,"  and  others  are  not  directly  subject  to  the  control  of  the  will,  and 
are  hence  calletl  ''involuntary;"  the  former  are  for  the  most  part  slri;ied,  and 
the  latter  non-strii»ed  j  but  the  heart  mtwcle,  although  stri|)ed,  is  an  involuntary 
muscle.] 

t.  Striped  MuacleB. — The  surface  of  a  mascle  is  covered  with  a  connecti  it -tissue  envelope  or 
perimysium  externum,  from  which  .septa,  carrying  blood  i-esscH  and  nerves,  the  perimysium 
internum,  pass  into  the  Hulxstance  of  the  muscle,  so  ns  tn  divide  it  hito  hnndlcft  of  fibres  or  fasciculi, 
which  aft  fine  in  the  eye  muscles  and  coarse  in  the  glutei.  In  each  such  coinpanraent  or  mesh  there 
lie  n  number  of  mttsni/ar  Jibres  arraiigud  more  or  less  jjamllcl  lo  each  olht'r.  [The  fibres  are  held 
lOKether  by  delicate  connective  lii^ue  or  cndomysium,  which  -mrrounds  (groups  of  ihr  filtre^ ;  each 
libie  being,  as  it  were,  separated  from  iti  neighbor  l>y  delicate  libnllar  connective  tiMue.}  Each 
muscular  fibre  is  surrouiidnl  with  a  rich  plexus  of  capillaries  [wliich  form  nn  elongated  mKshwork. 
lying  between  adjacent  fibres,  but  never  penetrating  the  fibres,  which,  however,  they  cross  ( Hg. 
J071.  In  a  contracted  muscle,  the  cAp  llaries  may  be  slightly  sinuotis  in  iheir  course,  but  when  a 
muscle  is  on  the  stretch,  these  curves  dis.ippear.  TTie  capillaries  lie  in  the  endomysiuin.  and  near 
them  are  lytupfiatics'\.  Each  muscular  fibre  receives  a  nerve  fibre.  [Where  found. — Striped 
muBCulnr  fibres  occur  in  the  skeletal  muiiclc^,  heart,  diaphragm,  pharynx,  upper  pari  of  (e»opha];u3s 
mu&clet^  of  the  middle  ear  and  pinna,  tlie  true  sphincter  of  the  urethra,  and  external  anal  sphincter.} 
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A  inuscuUr  fibr«  (Tig.  302,  i)  is  a  more  or  ien  cylittdricd  or  polvftonal  fibre.  1 1  to  67  ^  (f|, 
to  f^  m]  in  dimnirtcr.  and  nevrr  loogcr  than  J  lo  4  centimetres  ( I  to  I  'i  iu.J.  Within  short  rou»* 
cla,  f.j^.,  »tapC(liu«,lenM>r  tympany  iir  the  shott  miuctmof  a  fruf;,  the  Itbm  arc  lu  long  u  the  muiicle 
itself:  wiihiii  longrr  niu»cles,  however,  ihc  individual  ftlwci  arc  poitiicd,  and  are  united  ohiiiiutly  by 
cement  «ul*tnnce  wiih  a  similar  fjeveled  or  pointed  cod  of  nnoiner  til>rc  lying  in  the  same  direction. 
Mii^culai  fibres  may  be  bolateil  by  maceration  in  nitric  acid  Willi  cxccm  ol  po)iu&ic  chlorate,  or  l>y  a 
36  per  cent,  iolutiou  of  cauktic  potash. 

[E«ch  imucular  fibre  consitUi  of  the  following  ports : — 

1.  Sarcolemma,  an   riaktic   sliealh,  wiiU  transverse   partitions,  sU'Ctching  aciXMiS  th«  fibre  at 

regular  intervnis — the  fiitmbratf  0/  A'yauu  ; 

2.  The  included  larcous  substance; 
J.  Tlie  nuclei  or  muscle  cnqni>cles.] 

Fig.  30J. 


'  111 


Hitiolocy  of  niM£iilar  tluue.  i,  Duttfnm  of  part  of  aitripcd  muftOtUr  ii\n*:  S.  Mrr'ilemmA  .  C|,  tranivcne  tirlpMi 
F.  abrilUc ;  K,  the  mutde  nuclei ;  N,  »  u«ne  fibre  cnicrinE  it  wiih  a,  \n  axi^  Oilmdcr  Atid  Kilhnc't  noioriaJ  tad 
■bic,  «,  Mcn  tDiuofile:  3,  imuwcnc  kccitan  of  part  of  a  muMular  fitire,  «hiiwiTt4  Oilmhcim'*  stom,  r;  3,  ko- 
lucd  muftcnUr  fivrfUs :  4,(wn  ofaa  iBMCi't  niuck  tfroUy  m*|[nifi«l ,  d,  KfaUkc-Aniei'ft  liae  limitJnit  ihe  mm- 
CttUr  c«M».-  h,  Ihc  ileubly  refntclUv  lubcuncc;  c,  HniKn**  ilnti  ;  ti,  (he  «ini[l)r  nSnOir*  lulnuncc ;  ;,  liliru 
clcatrlnc  tniM««ndy  IMO  dbV«  -  A,  aiuicul*r  fibre  frota  tb«  br^n  of  a  frtjc ,  7,  dcvdnpoMM  of  a  siripnl  miKcta 
bom  a  huaua  l<ciu>  «l  lb«  tbin)  tnoiillt;  8,  y,  muMniW  fibre*  of  the  heart:  r.  oipitUries ;  ^,  cann«cli<rvU>MW 
corpiwclcs  .   lo.  unooth  mmcuUr  Khre*:   it,  trBMirer*e  MClion  of  •mooth  otuiCUMr  fibre*. 


Sarcolemma. — Knch  miurular  fibre  is  ctxnpletelyencloKd  by  a  thin.colorle^^.Mructurclcm,  trans- 
]iarent  clastic  sheath  (,Fig-  303,  1,  S),  which,  cliciuically,  U  midway  Iwtwecn  connective  and  clastic 
tlMue,  and  within  it  t»  ll\c  contmctilc  »u)j»tnnce  of  the  muscle.  [When  a  muMrular  tibre  U  bcin^ 
digested  by  irypsiru  Ctutlcndexi  observed,  at  the  beginning,  the  sArcoltrmma  rai&et)  from  its  sarcous 
contmi*  as  a  foiled  iul>e.  Imi  it  if  uliinutcly  digested  by  iryjMin.  It  i&  thii^  disiinguiKhrd  from  the 
coUagm  substance  lof  connrciivc  tissue,  which  U  not  dtge.vted  by  trrmin.  It  m,  not  dbMlved  by  boil- 
ing, arul  it  rr%t.tl>  the  acticm  of  acids  and  dilittr  alkalies,  while  it  \s  (li««oIved  by  concentrated  alkalies. 
Tliiif,  ii  ditTetk  from  elastic  fibre*,  and  on  the  wluile.  cbi-mically,  it  ^eclns  to  be  iDCMt  closely  related  to 
tbr  membnina  nrv|ria  of  glands.  It  has  much  more  cohesion  than  the  sarcoao  snhsLancc  vhicfa 
It  enctoMs.  sa  tnoi  somrtimcs,  when  teasing  fresh  muscular  tiuue  under  the  mlcittuope,  one  ouy 
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observe  the  sarcous  uib»Uiicc  toni  acrasfi,  with  the  unruptured  lorcolennn*  ktretchtfig  betvan 
ends  uf  tlie  ru[^turc<l  sorcoas  uibilance.     If  muiKuUr  Abrrs  l>e  trasol  in  dUiiUcd  wmta,  MotcUi 
line  cleai  Lilcb>  arc  sera  aloi^  tbe  course  of  the  titire.  due  lo  ihc  sarcolcwmi  Itcioi;  nt-crl  bv  Om  Di 
dtrTu<>in|'  umkr  it.     Hie  snrcous  Milistanco,  Uit  not  the  Karcolemmi,  may  Ijc  turn  mcrou  bf  filungwg 
miisclr  m  wilcr  at  55**  C,  and  keeping   it  there  for  *uuie  time  )  A'./nr*ffr).] 

§arcou«  Subttancc. — Tbe  darcous  Auli&tance  is  marked  tj-a»svcr>ely  \iy  alternate  light  aiitl 
Uyera,  bands,  airlpea'or  disks  ^Kig.  302,  i.Q).  *o  that  each  fibre   i«'said(o  be  "nrnoawftdj 
•iriped."     [The  !ttri|K»  do  not  occur  in  the  Mrcclcmrao,  but  are  conlined  to  tbe  sarccua  ■abaance 
and  they  involve  iu  whole  thickness.] 

[The  anifnal5  most  suited   for  studying  the  structure  of  the  Mrcooa  Hulwtance  are  aone  of  tl 
[nt>ect%      The  muscles  of  the  water  beetle,  DytUcus  marginalis.  and  tiie  llydropbilos  picou  are  welf : 
suited  for  Ihih  purpuM-.     So  tst  the  crab'a  mu!M:le.     In  examining  a  living  muscle  microaoofiically. 
Kuid  except  the  mu»cle  juice  sliouM  )>e  added  to  the  preparation,  and  very  high  pofrers  of  tbe 
scuiK  nre  reciuired  lo  make  out  the  liner  details.] 

'■    Bowrnan's   Diakg. — U  tt  muscular  fibre  be  subjected  to  the  action  of  hydrochloric  add  (1  , 
loxJl,  or  if  it  be  digested  by  gnstric  juice,  or  if  it  be  frozen,  it  tends  to  cleare  tnnweraelr  into  diafc. 
I  /iimttutiM),  which  arYnniticial  prorlucls^nnd  rciKrmble  a  pile  of  coins  which  has  been  knocked  on 

(^■*B-  302.' 5)-  '^M^  fcia^'^ 

Pibrilbe. — Under  certain  circunutanceii  a  lilve  may  exhibit  A>Nfi'/N</m<i/r/ntf/iMf.'    This  is  diKv^Csrioe! 

to  tbe  fact  that  it  may  be  »plil  up  longitudinally  into  nn  ifimienhe  number  of  ( i  to  1.7  n  in  diametca ^^ta) 

fine.  Contractile  ihrtnds,  ihc  primitive  Abrilla  (Fig.  302,  i,  K  "^"SC     Fi, 

placed  ^ide  by  side,  each  of  which  is  alMD  tmnsvoKly  striped, 

they  are  mj  united  to  each  other  by  scnra  fluid  ccn>cnt  kulaAaiic* 

that  the  transverse  markings  of  all  the  fiUill-T  lie  at  the  >aine  tevt= 

Several  uf  ihctc  libriU   arc  united  together  owing  to  the  iiiiiHw  ■  m-^ 

presMire,  and  ^ni^matic  in  fnrm,  hi  that  when  a   transvcne  jv^-.m.— 

of  a  perfectly  frcnh  muitcular  IdtTc  is  obsicrved  after  it  is  froren,  \\r^  "**« 
end  of  each  Kbte  i«  mapped  out  into  a  number  of  «mall  polygtwi^i-*--^"*' 
areas  called  CohnheimV  areaa  <  Fig.  303.  2>.  I  Each  biuidB-*=^* 
of  filwil*.   or   p<»lygon3l    area    rrpresenls  wlial    KAlIiler    Called  *  * 

"  MuBcIc  Column."]  ^^^ 

i'ibrilLe  are  easily  oUnineil  from  insects'  muscles,  while  thoi^^^^f 
fnmi  a  mammal's  muscle  ore  rcatlUy  iwUted  by  the  action  of  dflut-^^"'^^ 
nicohol,  Mailer's  fluid  [or.  best  of  lUI.  |  per  cent.  Mtcitkm 
chromic  acid]  {Fig.  302,  3). 

[In  studying  the  -Htmciure  <^f  muscle,  it  is  well  lo 
that  there  are  considerable  dTffcrences   between  the  inaacks  1 
Vcitcbraics  and  those  of  .\nhropodn.] 

I  When  a  Uving*  unaltered  vencbraie  muacular  fibre  is  es 
:iminrd  niicroscnpically,  in  \U  own  juice,  uc  oliscrre  tbe  allenuti 
ilini  and  light  lransvcr>e  disks.     Amici,  Krau>e,aiid  l->ofaie shove 
tliat  a  tine  dark  line  nm^  acrov  the  light  disk,  and  divides  it  tnt 
two  (Fig.  303).     Amtci  resolved  it  into  a  row  of  granules,  antff 
by  others  {e.  f.,  Krause)  it  it  regarded  as  due  lo  the  esMrttce  o^' 
n  memlirane — hence  it  is  calle^l  Krause's  membrane, — Mhicl* 
fuus  transversely  ocroKs  the  filire,  being  attached  all   rvand  to  th^' 
>arcoIcmmii,  thos  dividing  each  libre    into  a  serita  of  tomnmrt- 
mrnti  placed  end   to  end.      Heiiscn  described  a  dbk  or  «U^  faa 
ihi-  centre  of  the  dim  disk,] 
[On  Krauae'B  theory,  each  muscular  compartment  conuins  {i\  x  broad  dim  diak.  whid  i» 
the  iOHtrattiU  {»rt  of  the  sajxous  •substance.     It  is  doubly  refractive  (aniaouacpua  1,  aiul   ia   eoa 
poaed  of  Bowman's  sorcous  elements.     (2)  On  each  end  of  this  disk,  anJ  T>riw«?u  ii  luu)  KmBc'* 
membranes,  is  a  narrower,  clear,  homo|!:cnooiu,  and  but  singly  refractilc  IjaotragouBu  »-jit  ctt  Aold 
•uhslance,  which  f"rm>»  the  lateral  dtak  of  Fngdmann.      In  some  iniiects  itconTSfnTftw  of  refraciitv 
granules,  cjustitutin;;  the  granular  layer  nf  Flogel.     If  a  mtiscnlar  fibre  be  stretched  arwl  vtained 
with  logwood,  the  central  pott  of  the  dim  disk  appears  lighter  in  color  than  the  two  end«  of  the  same 
di^^k.     This  has  been  described  as  a  separate  disk,  and  is  called  the  median  diak  of  Henscii  y  F%. 

30^4,')-] 

[In  an  unahered  fibre,  the  dim  brood  stripe  may  appear  homogeacous,  but  oAer  a  time  it  clearer 
throughout  its  entire  extent,  in  the  lung  axis  of  the  fibre,  iiUo  a  numlirr  of  jirismatic  elemenu  cr  tkbtoi, 
tlie  larcotiB  elementa  of  (townun  (Fig.  .^aV  These  ai  first  are  )trifmauc,  but  as  they  aoUAJy^ 
ttiey  shrink  and  •>ccm  to  «i)ueeze  out  of  ihcrn  a  fluid,  Itecomtng  at  the  same  time  more  coaslrided  ia 
the  centre.     Thiis  sciNuation  into  bundle^  «)f  tibrits  with  an  intersU'ial  m    '  r  i  the  af^Mir* 

ance  seen  on  transverse  sectiort  of  a  frozen  muscle,  oiul  known  a^  (.'•'!<  ii;.  JOS*  St  (^ 

In  all  probability  the  cleavage  olio  estends  through  the  lateral  disks,  ,:..^  ...u.       . .      .uc  nRBnl  bf 
longitudinal  cleavage  of  the  Abre.] 


Human  muscular  fibre,  ><  300. 
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[Muaetei  of  Arthropod*. — Kitgdmann  showed  that  the  niu«cl«  of  these  anifnak  bare  a  lftr|^ 
nomber  of  disks.  In  ■  muscle  of  an  animal  killed  by  being  plunged  into  alcohol,  according  Co  the 
position  of  the  lens  of  the  microscope,  one  stv* : — 

X.  The  broad  dim  disk,  cnm[x>scd  of  two  darker  lateral  portions  or  diskx,  and  a  lighter  diik — thtt 
of  Hemen,  between  them.  In  Ktg.  304  the  whole  diik  is  marked  Q.  and  Hensen's  dink  ia  db> 
tinguished  05  A. 

2.  ( )n  both  sides  of  this  is  a  small,  clear,  slighlljr  refractive  itripe,  J,  correspandinic  to  one  of  Engri- 
mann's  i&olropous  stripes. 

V  (.)n  txtlh  sides  there  foUovt-s  ityrnmetri colly  a  dark,  strongly  refractive  stripe,  N,  corresponding 
to  Engelmann's  occesuory  stripe  and  Mdgel's  granular  layer. 

4,  Then  on  l»o»h  sides  ihtre  is  a  clear,  feebly  refractive  disk,  E. 

5.  Beyond  E  u  a  small,  dark,  bi^ly  rcfractiTc  stnpe,  Z— usually  the  daricest — corroponding  to 
the  Amici'Kniusc  line.] 

[From  /.,  the  stripes  arc  repealed  in  tlte  inverse  cxdcr  to  Q,  then  in  ihc  uune  order  to  Z,  and  soon. 
This  is  the  flppcurance  with  a  low  [>ositicNi  of  the  lens.  Many  muMlcft  do  not  show  all  these  stripes : 
tfaui  A  if.  often  aliseni.j 

[If  the  lens  of  the  micniscofKbe  rm'scd.  toget  a  more  superliciol  view  of  the  Hlire,  tbc  distribution 
of  the  light  i&  reversed  (Fij;.  304,  U ).  as  all  strongly  refractive  .scction>  tteconie  light,  and  all  feebly 
refractive  appear  darker,  while  with  a  deep  position  of  the  lens,  the  rcvcrtc  is  the  case.] 

[Experiment  shows  that  (he  dim  di'<l>.  rapidly  swelU  up  in  dUute  acids,  and  also  that  the  dim  disks 
(Q),  the  accessory  di^ks  IN),  and  the  Amtci-K^uw  line  (Z|,  slain  more  deeply  with  logwood  than 
(be  other  disks,  and  A  tt^:t  than  the  rest  of  Q.] 

[If  a  muMrle  which  luu  been  some  itm?  in  alcohol  be  examined  as  to  its  longitudinal  striation, 


Ki«.  305. 


i.--.-i    » 


Nn«M4ii4<^Mi^i<ti|(i|^ 


InMO'i'ntnci';  .  I.  v>  <p.   ■  !>i^h  |><»i|i<kn  of  iht  l«a«. 


caoccUatiu. 


It  will  be  seen  to  consist  of  rods  with  light  intervals  between  them  (Fig.  305).  The  rods  are  thicker 
at  their  ends,  and  thinner  and  lighter  nl  their  middle.  Rollett  regards  the  clear  inlervab  Itctwecn 
theae  rods  as  consisting  of  aarcoplasma,  n  body  closely  related  to  protoplasm,  and  the  rod^i  a« 
bundles  of  bbrilLi:  or  "  muscle  cr>lumii).  "] 

[If  a  muscle  tie  acted  u\xiti  by  certain  acids  the  relative  ip)icarance  of  the  mu.'fcle  columns  and 
ibc  MTcoplo^ma  is  altered ;  and  the  latter  may  appear  in  these  and  in  gold  [jrcparotions  as  a  plexus 
of  ttbnls  with  regiUiir  longitudinal  and  trsni-vrrsc  meshe«  [MfZ/attt/,  AfariAa//,  Ftg.  306).] 

[Muscle  Rods — Schafer  describes  the  apiwarance  differently  :  Double  rows  of  gnumles  are 
sren  lying  In  or  at  the  boundaries  of  the  light  streaks  (disks),  and  very  fmc  longitudinal  lines  may  l>e 
detected  running  through  the  dark  streak  (dim  dink)  and  uniting  the  minute  granules.  These  fine 
lines,  with  their  enlarged  eitremities,  arc  "  muscle  rods."  -  They  are  most  coiufMCuous  in  insects. 
During  the  contraction  of  s  living  muscular  fibre,  Schafer  dewribcs  the  *'  reversal  of  the  stripes  " 
{{  397^  as  folk>ws:  "  When  the  lilires  contract,  the  light  stri)>es  are  seen.  a.s  the  fibre  shortens  and 
thickens,  to  become  dark,  on  apjiArcnt  reversal  being  thcrcl»y  produced  in  the  striat.  This  reversal  b* 
doc  I0  the  enlargement  of  the  row-,  of  dark  dots  and  the  formation  by  their  juxti^wj^ilion  and  blend- 
ing of  dark  disk.*,  while  the  masculor  sulKtanccs  between  these  disks  has  by  contrut  a  bright  appear- 
ance." With  polariccd  light  in  n  hving  muscular  fibre,  all  the  sarcous  sul>»tanee,  excejit  the 
muscle  rod.  in  doubly  refractive  or  aniMtropous,  so  that  it  appears  bright  on  a  dark  field  when  the 
Nicol's  pri^m^  arc  crosanl,  while  under  the  sanse  conditions  contracted  inuacle  and  dead  muscle  show 
alternate  dark  and  light  baikiU  ( SeAA/er  ).] 

llie  nuclei  or  muscle  coriNiscles  are  found  immediately  under  the  aarculctnma  in  all  mammals 
and  Ibetr  long  sxi«  lies  in  (be  long  axi^  of  the  filne  (8  to  13  m  long,  3  I04  /u  bfoad). 
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[In  the  mttactes  of  the  frop,  reptiles  and  lome  other  uiimftU,  e.g.^  the  red  luusdrt  of  the  rabbit 
and  hare  and  in  (ome  maEcles  of  birds,  ihey  lie  in  the  Kubsiance  of  the  5hre  surroanded  by  a  small 
amount  of  protoplasm. 1  Wlico  ihe)*  occur  iinmediaicly  under  the  sarcolcmmn  ihcv  arc  more  or  !«>» 
Ilatlcttnl,  nnd  lie  embedded  in  n  unall  amount  of  protoplasm  (H^.  302.  1  and  2,  K|.  They  contain 
inic  ur  two  nucleoli,  and  it  is  said  that  the  protoplaiim  sends  out  tine  processes  which  unite  with 
fiimilar  processes  from  adjoining  coriiusclw,  sn  thni,  acc<jrdiiig  lo  this  view,  a  branche*J  protoplasmic 
tiftwork  exists  under  the  ^arcolemmn.  [Each  niirlcus  has  a  reticulated  appearance  due  10  the 
presence  of  a  plexu&  of  fibrils,  coiihisling  uf  chromatin  ;  in  its  meshes  lies  an  achromatic  substance. 
The  nuclei  are  specially  Urge  in  Otiorrhynchus  planatus,  one  of  the  beetles.  Miloiic  figures  indicat- 
ing divi»iion  of  the  nuclei  have  been  observed.  'ITic  nuclei  arc  l»ol  seen  in  a  perfectly  fresh  muscle, 
because,  until  ihey  have  imdergone  some  change,  their  refractive  index  is  the  same  a&  that  of  the 
sarcous  substance]  They  become  sjiecially  cvidem  after  the  addition  of  acetic  acid.  IlistOKendically, 
ihev  are  the  remainder  of  the  ct-Ds  fnim  which  the  muscular  t'il>res  vrcrc  developed  (Fig.  ya2,  7). 
.According  to  M.  Schult7-c.  the  sarcous  substance  is  an  inlcrccllulnr  substance  riitTerentialed  and  lormcd 
by  their  activity.  I'cr]ia|)S  they  are  the  centres  of  nutrition  for  the  muscular  Bbres.  In  amphibians, 
birda.  fishes  and  repiiiles,  they  lie  in  the  axis  of  the  fibres  between  the  libriU. 

It  is  saicl  that  the  protoplasm  of  the  muscle  corpuscles  forms  a  line  network  lliroughoai  the  wliote 


Ftc.  J06. 


Fig.  307. 


Fic.  308. 
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Network  In  a  muscular  fibre. 


Relation  aS  s  tendon,  B. 
to  its  tnuKiUar  fibre 


Injected   blood    vewMlx    of   a  liunan    nitlcie. 
A,  kiDitU  anory  ;  4,  vein  ;  f  ,ca(»llUri««    X  *59i 


muscular  fibre,  the  transverse  branches  taking  the  course  of  the  Unes  of  Krause  or  Dobie,  and  the 
longitudinal  branches  running  in  the  intersiices  between  Cohnhcim'sarea  [Jittxius,  Brftner,  MtihuJt 
Kir.  5061. 

Relation  to  Tendona.— According  to  Toldl.the  delicate  connective-tissue  elements  which  cover 
the  several  muscular  lli>res  pa4s  from  the  ends  of  the  latter  directly  ioto  the  connective -tissue 
elements  of  the  tendon.  The  end  of  the  muscular  fibre  is  petha[M  united  to  the  smooth  surface  or 
-jJhoUow  end  of  ihc  tendon  by  means  of  a  ^i>cct:^|  cementW  IVn'stniinu — Fig.  307,  S).  In  anhra|nda, 
the  sarcolcmma  pawef  ilirealy  into  and  liecomcs  continuous  with  tbf  tendon  1  Ley,fi^).  Tlie  Irndon 
itself  consists  of  longitudinally  arrangeii  bundles  of  white  fihrous  tissue  with  cells— r^-Wi/ow  <fiii — 
i-mbracing  them.  There  is  a  loose  capsule  or  sheath  of  connective  tissue— the  peritendineum  of 
Kollman — suiroimding  the  whole  and  carrying  the  blood  vessels,  lymphatics,  and  nerves.  The 
tcn<lons  move  in  the  tendon  sheaths,  which  are  moistened  by  a  mucous  fluid.  In  most  situations, 
muaciilnr  libres  are  attached  by  means  of  tendons  to  some  fixed  point,  but  in  other  "lilualiuns  (face) 
the  ends  terminate  between  the  cunncctix-ctissuc  elemenis  of  the  sVw. 

[Blood  VesBels — Muscles,  Ixring  very  active  organs,  are  richly  supplied  with  blood.  The  blood 
supply  of  a  muscle  differs  imm  some  organs  in  not  constituting  nn  actual  vascular  unit.suiiplied  only 
by  one  artery  and  one  vein,  thus  being  unlike  the  kidney,  spleen,  etc.     Each  muscle  usually  reccivts 
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jfvfral  brsnclies  froni  different  Brteries.  and  branches  enter  it  at  certain  distances  along  its  whole 
length.  The  artery  and  vein  usually  lie  logelher  in  the  cimneclivc  lissue  ol  llie  perini\-5ium.  while 
the  ciipillario  lie  in  ihc  cndoinvaium.  'llic  capillarit'j  lii- Iwtween  the  muscular  lii>rc».  Inil  outside 
«he  aarcoleinma,  where  ihey  f^imi  an  clongBte«'l  rich  plcxu!)  with  numerous  transverse  branches 
4  Fig.  3o£).  The  lymph  to  nouri.«h  the  8&rcou&  substance  muM  traverae  ihe  sarcolcmma  to  rL-Jch  the 
ibrmcr.  In  the  red  muscles  of  the  rabbit  |^.^.,  semitendinosus)  the  cnpillaries  are  more  wavy, 
vrhile  rto  the  iran-^verse  branchei.  of  some  of  the  capillaries,  and  on  the  veins,  there  ore  small,  oval, 
saccular  dilatations,  which  act  as  reservoirs  for  blood  ( HanvUr\.'\ 

[ Lymphstics. — We  know  very  little  of  the  lyniphaiics  of  muscle,  ahhough  the  lymphatics  o| 
tcoilon  and  fascia  have  been  carefully  studied  bv  1  mlwig  an<l  Schwcigger-Scidcl.  There  ore 
lymphatics  in  the  endomyftium  of  ihe  hein.  wliich  are  continuous  with  those  under  the  pericardiutn. 
This  ■subject  still  requires  fuither  in%-esiigatiou.  Compare  the  lymphatics  of  the  fascia  lata  of  the  dog 
(Fig.  227.  «2onO 

Entrance  of  the  Nerve. — The  truni-  of  the  motor  nerve,  as  a  rule,  enters  the  muscle  at  il>  geo- 
metrical cziAx^  \S(hwaU'f\\  hence,  ihc  |xHm  of  entrance  in  musclM  iwith  long,  parallel,  or  snindle- 
shnpeil  librr*  he'  near  it^  middle.  If  ihe  muscle  with  jjorallel  tibres  is.  mare  than  2  to  8  cenlimeires 
[l-^^  inches]  in  IcnKlh.  several  branchssenicr  its  middle.  In  lriant>ular  rau*clcs,the  point  of  entrance 
of  the  ncni-e  i-.  tliHplaced  more  toward  ihe  strong  tendinous  point  of  convergence  of  the  muscular 
hbres.  A  nerve  fibre  usually  enters  n  muscle  at  the  [xiiiit  where  there  is  the  least  displacement  of  the 
muMiular  substance  during  contraction. 

>tor  Nerve. — Every  muscle  fibre  receives  a  motor  nerve  fibre  (Fig.  302,  i, 
),     Each  nerve  does  not  contain  originally  as  many  motor  nerve  fibres  as  there 
are     muscular    fibres    in     the 

muscle  it  cntCR  ;  in  the  human  '^'*  ^^' 

eye  muscles  there  are   only    3 
L     nerve  fibres  to  7  musru'ar  fibres  ; 
f     m  other  muscles  (dog),  i  nerve 
fibre    to    40   or  80  ( Tergast). 
Hence,  when  a  ner\e  enters  a 
I     mus<  le  it  must  divide,  wliich  01- 
r      ciirsdichotomously[atRanvier's 
nodes],  theslniclureundergoinjj 
iiQ  change  until  there  are  exactly 
I     is  many  ner\  e  fibres  as  muscular 
'     fibres.     In  warm-blooded  ani- 
mals  each   muscular   fibre  has 
Only   one,  whtle   cold-blootled   >•'<"«■ 
^riirtials  have  several  iioinis  of  ..      .    ,,       .,         .  ,     ,  , 

■^  .  ,        ,  .-t  Muscubr  hbr^wuli  moiiirwl  end  pUtcs. 

'tiserlion   of    the     nerve    libre 

i*San*tmartn)      A  ner\e  fibre  enters  each  muscular  fibre,  and  where  it  enters  it  forms 
^la^jrmineuce  {.Dm'&€t  1840),  the  "  motorial  end  plate"  (Fig.  302,  1,  r,  309,|> 
310.  .?ii). 

['ITie  elalwrate  investigations  of  K.  Mays  on  the  exact  distribution  of  nerve 
ftbrcs  in  the  muscles  of  the  frog  liave  conclusively  proved — apart  from  experlmeiital 
»"fasons— that  parts  of  muscles  receive  no  nerve  fibres  at  all,  large  portions  being 
fi-ec  from  ner\'es.  This  lus  been  provetl  for  all  classes  of  vertebrates  exrei>t  osseous 
n*.hes.] 

£Thc  mode  of  tcnoJnation  of  a  motor  ncrre  in  a  musailnr  fiUre  !■>  not  tin-  -same  in  all  animaU,  but 

«n    every  Ca»e  it    pierces  the  sarcoleinma,  and  Its  ultimate  distribution   has  a  distiocl  hypolcmmal 

character.     The  Ijpyire'at  e*piffyqye  i*  present  in  most  mamnuU  and  repUles,  but  in  amphibinnb  and  ^ 

l>irf)s,  ihe  ending  is  flat  on  the  muscle  fiWe.     Most  of  rhe  resulu  known  to  us  have  been  worked  out 

by  KUhne.     The  nerve  endincs,  then,  arc  conHncd   to  very  small  spots  or  areas  on  the  muscular 

fibres,  termed  by  Ktlhne  •'  fields  of  innervation."     .Most  nerve  fibres  have  only  one  huch  field, 

but  vef}-  lonK  fibre*  may  have,  nt  most,  et^jhl.     One  or  more  medullaled  nerve  filves  pass — a»  pre- 

tenniool  or  epilcmmal  jihres— from  the  point  of  division  of  the  nerve  fibre  lo  the  muscular  fibre,  to 

p«f»  into  the  nerve  endings.     The  ncrvccndinps  consist  of  divisions  of  the  axial  cylinder,  vrhich  are 

distributed   ova   the  sarcous  sub-tancc  without  (so  far  as  is  Itnown)  forming  any  direct  connection 

with  it.     The  entlings.  however,  lie    in  direct  contact   with  it.     This  l*rnnch«l  arrangtrment  of  the 

axis  cylinder  onder  the  sarcolemma.  KQhnehaK  called  n  ■■  yno^gr  siim>- "  ("nioiorischcsGeweih»,and  4* " 

the  mode  of  distribution  of  the  branches  varies  in  different  classes  of  animnU.     In  the  fiog  (Fig.  310), 
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Ifliled  amphibians,  and  birds,  th«  hypolemniRl  branches  of  the  axis  cyUnder  form  bajronet-like  and 
Linuichcd  endings.  In  the  luard,  xnako.  and  mammals,  the  liranchc»  arc  often  Curved  or  twtstvd, 
nnd  [lossessed  of  lobes,  and  as  the  division  is  very  varinbtr,  there  ts  every  form  from  a  siliiplv  Uuok- 
likc  bend  to  a  highly  arborescent  termination.] 
'*  [Where  a  motor  nerve  enten-  a  muscular  tilire  at  the  eminence  of  Doyiftre.  ihc  sheath  of  the  nerve 
fibre,  known  as  Ihe  perineural  or  HeiUe's  ■■lieath  (?  321 ),  become,  conuiiuous  with  the  sarcolrmma. 
The  eminence  iuelf  conii^ts  of  a  rnani  of  jirotufjli^ni— or  MUct^iIasm — called  by  Ktlhne  »afrng]jg—  | 
which  contains  granules  and  nviclei,  the  latter  with  n  membnuie  and  peculiar  nucleoli;  the  nuclei 
themselves  are  the  fundnmentnl  or  hn-sul  nuclei  of  the  sarcoglio.  The  outer  surface  of  the  eiuinence 
is  covered  by  a  memlwnnc  called  tetolemnia  l»y  KHhne,  but  which  in  realiiy  conHsts  of  two  nwrm- 
branes,  an  outer  one.  the  epilemma.  continuous  with  the  fierineural  or  Henle'<>  sheaih,  and  an  inner 
one,  the  endolemma,  the  continuation  of  the  ivheath  of  Schwann  of  the  nerve  Hbre,  Ixith  ultimately 
bcinjj  connected  with  the  sarcolcmma.  As  the  nerve  pierces  the  muscular  Hbre,  it  loses  its  inyehne, 
and  with  it  <li-sap[Kiir<  thr  keratin  sbt-ath  or  axilnnma  of  the  ukU  cyliiidt-r,  so  timt  Ihe  spray-ltkc  cftdlnff 
I*  accompanied  only  by  the  tclolemma  {Vig.  311 1.  The  telolemnia  contain*,  nuclei  which  are  derived 
from  ^^[,^[Iy\  ^*-i^;h  {AHAmf),] 
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Motur  nerve  eiuli]i|[  hi  die  TitiB 
{fCUknf).  djlrofilc  view  ^ 
entrance  of  the  nerve:  6, 
6,  nude!  of  the  brancnea 
of  ibc  AMiat  cylinder;  c,c, 
c,  nucki  of  llenlc's  sheath ; 
f,  muscle  nuclei. 


Motor  Dcrvc  coding  in  llurdt,  mamtBoU,  and  man.  SchctaaUc 
aAcr  Kiihne.  A,  ui«  cyltn<1cT:  A'A',  tcrmina]  brnncbc*  of  A  ; 
d,4,myelin  of  nerve*  :  ^,  perineural  br  Henle'a  theath.snd  is 
nuclei  Ul :  </,  niiuln  tif  ieli>l«[ninu  ;  B,  beil ;  D,  lar^ granule  In 
B;  C,  nudci  of  the  bed :    C  niu*cU  aiitJet     F.  cuNiraciilc  aub* 


[In  some  animaU.  buch  as  the  lizard,  in  order  to  sec  the  Dcnrc  lerminations,  It  Ls  sufficient  to  suln 
portions  of  frc^ih  muscles  with  Delafield's  logwood.] 

[Nerve  endings,  then,  are  sublemmar,  and  the  termitiations  of  the  nerves  never 
penetrate  into  ihc  depth  of  the  nftuscular  fibre,  but  come  into  dii^ct  contact  with  the 
contractile  prism  or  cylinder  moistened  by  the  fluids  of  the  nitiscle.  In  maQv 
cases  the  stri|jed  substance  is  separated  from  the  blunt  nerve  endings  by  some  of 
the  sarcoglia,  which  in  some  cases  penetrate  and  traverse  the  other  constituent  of 
the  fibre.  The  latter  Kuhne  has  called  "  rhabdia."  The  antler-like  division  of 
the  axis  cylinder  or  spray,  in  contact  with  the  muscular  stibstancc,  serves  to  con- 
duct the  excitation  from  the  former  to  the  latter,  but  excitation  of  the  mnscuUr 
sulwtancc  is  never  transmitted  in  the  reverse  order  to  the  nerve  ending  (A'wV/w^").] 

Each  muscular  filire  of  the  cray  tish  i;*  supplied  by  two  nerve  fibriU  orlsii^  from  s^Miraie  axis 
cylinders  (^BifJtimnHH), 

Sensory  fibres  also  occur  in  muscles,  and  they  are  the  channels  for  rotiscular 
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cnsibility.  They  seem  to  be  distributed  on  the  outer  surface  of  the  sarcolemma, 
rhere  they  form  a  branched  plexus  and  wind  round  the  muscular  fibres  {Ami/t, 
_^  r^/cAr)  ;  but,  according  to  Tschirjew,  the  sensory  nerves  traverse  the  substance  of 
Tthe  muscle,  and  after  dividing  dichotomously,  end  onfy  in  the  aponeurosis,  either 
suddenly  or  by  means  of  a  small  swelling — a  view  confirmed  by  liauber.  The 
existence  of  sensory  nerves  in  muscles  is  also  ]>rovcd  by  tlie  fact  that  stimulation 
tyi  ihe  central  end  of  a  motor  ner\'e,  <r.  ^^,  the  phrenic,  causes  increase  of  the 
tlcjod  pressure  and  dilatation  of  the  pupil  {Asp,  Kowalewsky,  Nawrockt).^  as  well 
^s  by  the  fact  that  when  they  are  inAamed  they  are  painful.  They  of  course  do 
"»ot  degenerate  after  section  of  the  anterior  root  of  the  spinal  nerves. 

Red  and  Pale  Muscles. — In  many  fishes  (xkate,  plaice,  herring,  mackerel  i  (  iV.  Stirling^,  liir<l>, 

Qil  mammals  (raUnu),  there  ore  two  kinds  of  !;triped  muscle  (AV<i»x/),  liiATcrinf;  in  color,  lii^ologicai 

iicture  {Kiinv\tr\.  nnd  phy^^ioloKical  propenics  ( Kronnkn-  end  S/tr/rni;).     home  arc  "  red,"  e.^-., 

M>lcu6  anil  ManitcndinuKUM  of  tbc  raulnl,  and  othcnj  "  pale,"  e,  ^.,  the  udtluclnr  magntis.      In  the 

a/r  muMrles  tbc  Iruuvcrse  !»triation  in  less  regular,  and   thdr  nuclei    fewer  tlian  in  Ihc  red  miucles 

vier) ;  they  contain  le*s  glycogi^n  and  myosin.     [\V.  Stirling  finds  ihal  the  red  muscles  in  many 

,  r^.,  the  msckerel,  contain  granules  of  oil,  and  present  all  the  appearance  of  niiiscte  in  a  state 

■«f  fiitty  de^Kencrntion,  while  the  pale  muscles,  tying  side  l>y  ^ide,  contain  no  fatty  granules.] 

Julius  Arnold  found  in  human  muscles  an  extensive  diMtribution  of  pale  fibres  ainnng  the  red  ones, 
aanil  indeed  m  the  same  muscle  in  the  frog  and  mflmmaU,  red  and  pale  iibres  occur  It^eiher,  in  fact  ihi* 
^■ps  the  case  hi  almost  every  mu!*cle  (Gf/i/znfr). 

^f  [Spectrum. — The  reel  color  of  the  ordinary  skeletal  muscle  is  due  (o  hxmoglobin  In  the  sorcons 
jnuisiaDCc  [A'uAne).  Thin  i^  proved  by  the  fact  that  the  color  15  retained  after  all  the  blood  in  washed 
Oat  of  the  vcnsfN,  when  a  thin  muscle  still  •>how5  the  absorption  bands  of  h-rmoglobin  when  examined 
^vith  the  spectroscope.] 

[Myo-haemalin. — MacMunn  pnint.s  nut  that  although  most  voluntary  mu-sc1es  owe  their  color  to 
>ixmogIti^"in,  it  is  accomjMini(«l  by  w>'0-4irm>>/('»  in  most  ca>es.  and  sometimes  entirely  rq>laced  by 
it.  M)-o-ha:tnAtiu  is  found  in  the  Atatf  of  vcrtcbnUes.  in  the  papillary  muscles  of  the  human  liearl, 
mnd  in  almndancc  in  the  |]«^cto^al  miuclcs  of  pigc-ons,  and  in  aume  muisctes  of  vertcbrutcs  and  invertc- 
Ixalet,  r.^.,  certain  l)eel]c&  (Hydrophilus,  DylUcus),  the  common  dy,  and  other  initeclK,  spiders,  crusta- 
ctam,  and  mollu<ikji.] 

tJjUBcular  Fibres  of  the  Heart.— The  mammalinn  cardiac  muscle  has  certain  peculioritiM 
vlrody  mciili'jnctn?  43) :  (I)  It  is  siriijed,  Imt  it  is  involuntary  ;  (2)  ijliiK  no  fcnr.-f>lrTnmn  ;  (3)  its 
f  branch  and  ana>itoiiK»e  ;  ^4)  the  tran.sv'en>e  3tri&lion  i<  not  so  flistinct.  and  it  is  sometimes  htrialc<l 
linally;  (5(  the  nuclciu-  is  placed  in  the  ccntreof  i;nch  cell  {see  ^  43).  [The  cardiac  muscle, 
frnm  &  physj\}ii>j;ual  point  of  view,  stands  midway  between  striped  and  unstriped  muscle.  Its 
action  occurs  slowly  and  lasts  for  a  long  time  |,p.  127),  while,  although  it  is  transvcnicly  striped,  it 
iinvolunlaiy.] 
[Purkinje'a  Fibres. — Thew  fibres,  which  form  a  plexus  of  grayish  fibres  under  the  endocardium 
«?f  the  heart  of  ruminants,  have  been  dc«crilH.Hl  already  i.Hg.  28) ;  the  cells  have,  an  it  were,  advanced 
■«Tnly  to  a  certain  stage  of  dc%'eIopnient  (^  461-] 

Development. — Each  muscular  tibre  is  de%'elu))ed  from  a  uni-nuclealcd  celt  of  the  mc!iobla5t,  which 
'vkxigales  into  the  form  of  a  spindle.  vVs  the  cell  elongates,  the  nuclei  multiply.  The  superficial 
^x  parietal  pan  of  the  cell  substance  shows  transverse  nmrkin^  { I-'ig.  30a,  7b  wliile  the  nuclei  with  a 
small  amount  of  protoplasm  are  continuous  along  the  axis  of  the  (i1)re,  where  they  remain  in  soint' 
.animaU,  tnit  in  man  they  pass  (o  the  surface  whcie  they  comu-  to  lie  under  the  sarcolemma.  'JTic 
3nasclo  of  the  yoang  an:  smaller  and  have  fewer  tibrca  than  those  of  adults  {Bud^e).     [n  developing 

B^anuscte.  the  number  of  fibres  is  Increased  l>}'  the  proliferation  of  the  muscle  corpuscles,  which  form 
"31  ew  fib^e^. 
Striped  muscle,  besides  occurring  in  the  corresponding  organs  of  vertchrala,  occurs  in  the  iris  and 
^:hQfoid  of  birds.  The  arthro|XNl.\  have  only  stfipcd  muscle,  the  molliisks.  worms,  and  echinoderms 
chiefly  smooth  muscle?* ;  ui  tbc  latter  arc  muscU-s  with  dnublcobiijue.striation  (Sf^wit/f^e).  According 
In  Panelh,  tn  old  individual.':  separate  cells  with  aggregation  of  contr.ictile  suljstnnce — so-called  Sar- 
<oplasts — unite  to  form  new*  mtLscular  tibres.     -Sig.  .Mayer  regards  theiie  straciurcs  as  retrogressive 

•  itructurt:^,  and  he  calls  them  Sarcolytes  |J  \oj,  II). 
2.  Non-suiped  Muscle. — [Distribution.— It  occurs  voy  widely  distrihuted  in  the  body,  !n  the 
fflutcular  coal  ui  the  lowrr  half  of  tht-  human  a-sophngus,  stomach,  small  and  lai^e  intestine,  mufcu- 
laris  mncosn:  of  the  intestinal  Irnct,  in  the  arteries,  veins,  and  lymphatics,  posterior  pari  of  the  trachea, 
IfluDchi,  infundiUiU  of  the  lung,  muscular  coat  of  the  ureter,  bladder,  urrthra,  vns  deferens,  ve«icuLi' 
Kniinalcs.  anii  prraMntc:  corpora  cavcmo-sa  and  s|»ongio^a  penis,  ovary.  Fallopian  tube,  utcnis,  skin, 
ciliary  iiiukIc,  iris,  U[>pcr  eyelid,  spleen  an<l  ca|)^ulc  of  lymphatic  glands,  tunica  dartosof  the  scrotum, 
gall  bladder,  in  dods  o(*g\tuit\s,  and  in  some  other  Mtuatiuns  ] 

Structure. — Smoodi  muscular  fibres  consist  of  fusiform  or  spindle-shapet!  elongated  cells,  with 
Ibeir  emls  either  tapering  to  fine  points  or  divided  ^Fig.  312].     These  contractile  fibre  cells  may  be 
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boUtcdby  steeping  a  pieceof  the  tissue  loajopcr  ceaL  solution  ofcaiutk  potash,  om  strofig  Mlutkm 
of  nitric  ac'n\.  They  arc  45  to  ;^o  ft  [r^h  to  ^Jq  in.]  in  leiiglH,  ami  4  to  lo  «  [n^  *t>  ;Vlia  ^■]  *^ 
brcfldth.  Each  cell  contains  a  solid  oval  clongAted  nucleus,  which  cnay  contAin  one  or  more  nucleoli 
It  is  brought  into  view  by  ihe  acliou  of  dilute  acetic  acid,  or  by  staining  reagents.  The  mass  of  the 
cell  appears  more  or  ItsK  homogenenu!)  [nnd  i^  •surrounded  by  a  thto  elastic  envelopr].  In  some 
places  it  showslongtttidinal  fibrilktion.  [Method. — This  fibrillaiion  is  revealed  more  distinctly  thus: 
Place  the  mewenter)' of  a  newl  { AVci'n)  or  the  bladder  of  Ihe  salamandra  niaculata  (/Vnnvmu^)  in  a 
5  per  cent,  solution  of  ammomum  chromatt.*,  and  afieru-ord  stain  ii  with  picro  carmine.  Kacn  cell 
coHMSts  of  s  thin  elastic  sheath  (sarcolemma  of  Krause)  enclosing  a  bundle  of  Rbrila  { V)  which  run 
ill  n  Umgiludinal  direction  within  the  fibre  (Kig.  313).  They  arc  continuous  al  ihe  pole^of  the  nucleus 
with  the  plexus  of  fibrils  which  lic^  within  the  nucleus,  and,  according  to  Klein,  they  o»e  the  con 
tractile  pari,  and  when  they  conlrnct  the  sheath  l»ecome*  shrivc'cit  irnn-ivw-cly  and  exhibits  what 
looks  like  ihickciuugs  (S).  'I'be.se  fibrils  have  been  observed  by  Klenimlii^  in  the  cells  while  fix'ing. 
Somrtimrs  the  cclli  arc  In-anched,  white  in  the  frog's  bladder  they  are  Iriradiile.]  | 

[Arrangement. — Sometimes  ihe  tibres  occur  singly,  but  usually  they  nre  arranged  in  groups,  fonninc^ 
1amell»:,  sheelii,  or  bundk-!^,  or  in  a  plexiforin  nianiier,  liie  Inindles  )>e<ng  sunouiulcd  by  connective 
tissue.]     A  very  delicate  elastic  cement  substance  unites  the  individual  cells  to  each  other.     [This 
cement  may  be  demonstrated  by  the  action  of  nitrate  of  silver.     In  transverse  section  (tig.  312.  11 ) 
ihey  appear  oval  or  p0tygon.1l,  with  the  delicate  homogeneous  cemenl  iKiween  them:   l*ut,  as  ihc 
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Smooth  tmuoiUr  fibres  { to) ; 
(11)  trantvcnc  section. 


Smootli  muitcuLu-  fibr«  (irum  (he 
mi3cntery  of  a  ivewi  (aainto- 
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P,  fibril*;  S,  iiiarkinifs  in  the 
shcjili. 
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fibres  are  cut  at  various  levels,  the  areas  are  unequal  in  size,  and  oil  of  them,  of  coarse,  are  not  divided 
al  the  position  of  the  nucleus.] 

They  vary  in  length  from  y\^  to  jIq  of  an  inch;  those  in  llic  middle  coat  of  the  arteries  air  short, 
while  thc>'  arc  long  in  the  iiuestinnu  tract,  and  especially  in  the  pregnant  uterus.  According  In 
Lngehnoim,  the  separation  of  the  sincxith  muscular  substtunce  into  iL\  individual  spindle-like  elements 
is  a  poit-marttm  change  of  the  tis>uc.  .Sonielinies  transverse  thickenings  are  .seen,  which  are  ttiK 
due  to  transverse  siriation,  but  to  a  partial  contraction.     Occasionally  they  have  a  tendinous  inM-'nioiL  I 

Blood  Vessels. — Non^riped  mu.<icle  is  richly  su[>]>Iiod  with  blood  vessel*,  and  the  cjpillane* : 
form  elongated  meshes  between  the  libres  [although  it  is  not  so  vascular  as  striped  muscle].      Lrym- 
pbattcB  abx)  occur  between  the  fibres. 

Motor  Nerves. — According  to  J.  .\mold.  they  consist  of  medullated  and  non-tnc<.lu1\aied  fibres 
[deriveil  from  Ihe  sympathetic  system]  which  form  a  {ilcxus — ground  plexus — parllv  prxiviiled  with 
ganglionic  cells,  and  lying  in  the  connective  ns-^iuc  of  ihc  ]MrnmyHuim  [The  fibres  are  suirouu'lc^. 
with  an  endotheii.!)  blifalh.]  Sninll  bi.uiches  [compOMrd  of  bundles  of  fibrils]  are  given  olT  from  thiftj 
plexus,  f'liniing  the  intermediAry  plexua  wiih  angular  nuclei  ni  the  nodal  points.  It  lies  cillicr' 
immcdintely  u|K)n  the  musculature  or  in  the  connective  tissue  lictwecn  the  individual  bundles.  Krom 
the  intermrdiaiy  nlcxas,  Ihr  finest  lilH-illx  {o.j  to  0.5  fi\  pass  otf,  either  lingty  or  in  groups,  and  re- 
unite to  form  the  intertnuscuUr  plexus  (Fig.  314.  '^).  which  lies  in  the  cement  stih«tiutcc  bclween 
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■fie  niu.'iclif  cells,  to  eiid,  acconltti|r  to  Frank rnhluser,  in  the  nucleoli  of  the  nucleus,  ur  in  the  nciyli 
~  orhuod  of  the  nucleus  yf.utdi;].     According  to  J.  Arnold,  the  filirils  Inverse  (he  fibre  and   the 

|a>ucleu.s.  so  ihat  thr  Iil>rc5  apixmr  to  Ijc  strung  upon  a  fibril  ua'sina  through  their  nuclei.     According 
to  I^*iwit.lhe  (ilnilh  reach  only  the  interstitial  suli-lancf.  wliile  (Iticlitidlcn  also  (iI)m.tv<:-<1  ihnt  the  BnCbt 
ainal  tihriU,  one  of  which  goes  to  each  muscutor  hbrc,  rnit  aloiif;  the  margins  of  the  lot'er  {Fig. 
3141.      The  course  of  these  tibrils  can  only  be  iracetl  after  the  action  of  golJ  chloride.     [Kanvier 

'  has  Imccil  their  leiminaiions  in  the  stomach  of  the  leech] 

Nerves  of  Tendon. — Within  the  lendun^  uf  the  frc^,  there  U  a  plexus  of  medulloted  nerve 

■  fihres,  from  which  liru>h-tikc  divjdt-d  filwo  proceed,  which  ultiniately  eri^l  with  a  pninC  in  nucleaied 

L|>latc4.  the  nen/e  flakes  or~  RoIIcm.  Acconliii^  to  Sachs,  bodies  like  end  bulbs  occur  in  tendons. 
while  Hanlter  found  Vater'i  corpuscles  in  their  sheathe;  Tiolp  found,  in  addition,  spindle- 
shaped  tenninal  corpuscles,  which  he  regards  t&  a  specific  apparatus  for  cflimaling  tenMoo. 

293.  PHYSICAL  AND  CHEMICAL  PROPERTIES  OF  MUS- 
CLE.—  1.  The  consistence  of  the  safcous  substance  is  thu'  same  as  that  of  living 
protoplasm,  t.  g.,  of  lymph  cells;  it  is  i»emi-solid,  /'.  ^.^  it  is  not  fluid  to  such  a 
degree  as  to  flow  like  a  fluid,  nor  is  it  so  .solid  that,  when  its  parts  are  separated, 
I  these  parts  are  unable  to  come  together  to  form  a  continuous  whole.  The  con- 
sistence may  be  compared  to  a  jelly  at  the  moment  when  it  is  dissolved  (e.  g.^  by 
heat).     The  power  of  imbihition  is  increased  in  a  contracted  muscle  (^Ranke). 

Proofs. — 'Hie  following  facts  corroborate  the  views  expressed  above:  (a)  'Hie  analogy  tjctwcen 
ihc  function  of  the  -larcous  substance  and  (he  contractile  protoplasm  of  cells  (J  g).  \b\  The  so-called 
Porret's  phenomenon,  which  consisu  in  this,  that  when  a  galvanic  current  i$  conducted  through 
I  the  living,  frrsh,  sarcou-s  siilwtflnce.  the  contents  of  the  muscular  fil>rc  exhibit  a  streaming  mnvemcnl 
'  from  the  poniUve  to  the  negative  pole  (as  in  all  other  fluids),  so  that  the  fibre  swells  at  the  negative 
pole  yKukneY  (f )  By  tlic  fact  that  wave  movemenU  have  Ijeen  observed  to  pas.s  along  the  muscular 
filire.  («/)  Direct  oleenralinn  ha<  shown  that  a  small  parasitic  round  worm  (Myor)Cte5  Weismannii 
moved  freely  in  the  sarcou»  ^ub^Lance  within  the  safculcmma,  while  the  ficmi-.>ioltd  mass  closed  up  in 
the  tract  l»ehind  il  {K'ukne^  Eb^rih). 

3-  Polarized  Light. —  The  cotitractile  substance  doubly  (efnicts  light,  and  bi  s:iid  to  be  aniso- 
tropouB,  while  the  ground  suhatancc  cauKs  »iiiglc  refraction,  and  in  isotropous.  Acconllrg  to 
Ilrucke,  muscle  behaves  Uke  a  doubly  retractive,  positively  uniaxial  b<>dy,  whose  optical  axh  lies  In 
ibe  long  axl''  of  the  fibre.  When  a  muscular  fibre  is  estaniioed  under  ihc  pnldrizntton  microscope, 
the  doubly  refractive  suh^^tance  is  recognised  by  its  app^rnnng  hright  in  the  dark  field  of  the  mtcro- 
«ope  when  the  Nicola  arc  crossed  (iJ  297).  l>uriiig  contraction  of  the  muscular  fibre,  the  contractile 
part  K>{  the  fibre  becomes  narrower,  and  at  the  same  time  broader,  while  the  optical  constants  <lo  not 
thereby  undergo  any  chonge.  llencc,  IHicke  concludes  that  the  contractile  disks  ore  not  simple 
huilies  like  crvitals,  but  mu.st  CorLsist  of  a  whole  series  of  small,  <lonbly  refractive  elements  arranged 
in  groups,  which  change  their  jxt-ition  during  cotiiraction  and  relaxation.  These  small  elements 
Urvlcke  called  disdiaclasta.y  According  to  Schipiloff,  Danielcwsky,  and  O.  N&*»c,  the  contractile  X^ 
aoi.vilropous  sulelance  consTns  of  myosin,  which  occurs  in  a  crystalline  condition  and  represents  the 
disdiaclostA.  According  to  Kngelmaun,  however,  all  contractile  elemeols  are  doubly  refractive,  and 
the  direction  of  contracuon  always  coincides  with  the  optical  axis. 

The  investigations  of  v,  Ebner  have  shown  that  during  the  process  of  growth  of  the  tissue,  tmiion 
is  produced — the  tension  of  l-odies  subjected  to  imbibition — which  retulLs  in  double  refraction,  and  so 
gives  nfc  to  the  condition  called  anisoiropous.  During  a  sustained  contraction,  the  index  of  refrac- 
tion of  the  mu.scular  hbre  increases  (  Ejcner). 

[Reaction. — If  a  iranM-cr^e  section  of  a  living  excised  muscle  be  pressed  uix)n  a  strip  of  blue 
litmus  paper,  tlK  latter  may  assume  a  reddish  tinge,  and  if  upon  a  red  litmus  paper  the  latter  may 
is&ume  a  blut^h  liege,  but  it  wdl  not  alter  violet  litmus  paper.  This  is  the  amphochnjmattc  or 
amphoteric  reaction,  indicating  that  the  rotiscle  is  neutral.  It  may,  however,  give  only  an  alkaline 
reactkm.  A  living  muscle  pluiige<l  into  boihng  water  i>til]  retains  its  neutral  or  alkaline  reactiun ; 
btH  a  mn<^le,  which  has  been  letaniied,  or  is  in  rigor  monis,  is  decidedly  acid.] 

'1  he  chemical  composition  of  muscle  undergoes  a  great  change  after  death, 
oving  to  the  spontaneous  coagulation  of  a  proieid  within  the  muscular  fibres.  As 
frog's  muscles  may  be  frozen  and  thawt:d,  and  still  remain  conlrat  tile,  they 
cannot,  therefore,  be  greatly  changed  by  the  process  of  freezing.  Kiihne  bled  x/^~- 
frogs,  cooled  their  muscles  to-io°  or -7°  C.,  ix}unding  them  in  an  iced  mortar,  and^ 
expressed  their  juice  through  linen.  The  juice  so  expressed,  when  filtered  in  the 
cold,  forms  a  neutral  or  alkaline,  slightly  yellowish,  opalescent  fluid,  the  so-called 
** muscl^jQlasina."  Like  blood  plasma,  it  coagulates  spontaneously;  at  first 
it  IS  iIkc  aunifoTm  soft  jelly,  but  soon  becomes  opaque  ;  doubly  refractive  fibres 
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and  specks,  similar  to  the  fibrin  of  blood,  appear  in  the  jelly,  and  as  these  begin 
to  contract,  ihey  squeeze  out  of  the  jelly  an  tfcA/ "  muscle  scrum."  [Halli- 
burton finds  that  the  muscles  of  warm-blooded  animals  yield  a  similar  muscle 
plasma.]  Cold  prevents  or  delays  the  coagulation  of  the  muscle  plasma;  above 
o°,  coagulation  occurs  very  slowly^  and  the  rapidity  of  coagulation  increases 
rapidly  as  the  temperature  rises,  while  coagulation  takes  place  very  rapidly  at  40* 
C.  in  cold-blooded  animals,  or  at  48°  to  50°  C.  in  warm-blooded  animals.  The 
addition  of  distiiled  water  or  an  acid  10  muscle  plasma  causes  coagulation  at  once. 
The  coagulated  proteid,  most  abundant  in  muscle,  and  which  arises  from  the 
doubly  refractive  substance,  is  called  "^^fisin '*  (WC  KUhne). 

Myosin. — It  is  a  globulin  (5145),  and  is  soluble  in  strong  (10  per  cent.)  solution  of  common 
sail,  and  is  again  precipitated  from  such  a  solution  by  dilution  wiih  wntcr.  or  by  the  addiiion  of  verj- 
smnli  i]iiantilies  of  ncids  (Q.l  to  o.2  per  cent  Inctic  or  liydrochlonc  acid).  It  is  solablc  in  dilute 
alkiilicor  slightly  stronger  acids  (0,5  per  ccnl.  laclic  or  hydrochloric  acid),  and  e1»o  in  13  per  cent. 
ammonium  chloride  solution.  [Yhe  more  myosin  is  freed  from  salt-t  (especially  of  calcium)  by 
WI^^hing,  the  more  ini^Uible  docs  it  become,  both  in  inline  solutions  and  weaL  hydrochloric  acid. 
When  once  precipitated  from  iu  solution,  il  can  be  rediuolved,  rtrpreciptlated,  antl  again  nndergo 
coagulation  a  second  or  even  a  third  time  {J/aUi^ur/oHJ.]  Like  fibrin,  myosin  rapidly  decompoaei 
hydric  jMooxide.  When  treated  with  dilute  hydrochloric  acid  and  beat,  it  is  very  rafudly  changed 
iMo  symonin  (S  245V  Myosin  may  be  extraaerf  from  muscle  by  a  10  lo  15  per  ctni,  solution  of 
NH,(."I,  and  if  it  lie  heated  to  65",  it  is  precipitated  again  yDanittewiky).  Danielcwsky  succeeded 
in  partly  changing  syntonin  into  myosin  by  the  action  of  milk  of  litnc  and  ammnniuni  chloride. 
Myosin  occurs  in  other  animal  slruclores  (cornea),  nay,  even  in  some  vegetabiea  (O.  Naue). 

Muscle  serum,  according  to  Kdhne,  still  contains  three  proteids  (2.3  to  3  per 
-cent.),  viz.;  i>Alkali  albuminate,  which  is  precipitated  on  adding  an  acid, 
-even  at  20°  to  24"  C.  2XOrdinarv  serum  albumin.  1.4  to  1.7  j»er  cent.  (§  32, 
.,fl),  which  coagulates  at  73°  C.     3.-* An  .•tlhmiiip.ii^'  whuh  coagulates  at  47°  C. 

[Halliburton  linds,  however,  the  following  proteids  in  muscle  plasma : — 


N--              ■''^iSaf'^ 

SatumiioB  with  NaCl  or  Ni,SO«. 

47"  C. 

73'* 
Not  4 

Causes  precipitation.  \  Proteids  which  ea  lo 

**               "           {     form  muArleclot. 

■^     ,                 1        Proteids  of  the 
jj    ' '               1        muscle  serum. 

Mjroalbumcae,  .    .    .    ..... 

Although  the  first  two  go  to  form  the  clot  of  muscle  or  myosin,  paramyosinogen  is 
not  essential  for  coagulation.  Besides  these  bodies  there  are  hecmoglobin  and 
also  myo-heematin,  which  is  not  identical  with  the  blood  pigment.  It  ran  l>e  ex- 
tracted by  ether  from  muscle  (r.  i'.,  the  breast  muscle  of  a  pigeon ),  whereby  the 
ether  becomes  red.  It  can  exist  in  an  oxidized  and  reduced  condition  (A/atAfunn).^ 
The  other  chuniical  constituents  of  iiuiscle  have  been  referred  to  in  treating  of 
flesh  (§  233).  I.  Muscle  ferments. — llriicke  found  traces  of  pepsin  and  [icp- 
tone  in  muscle  juice  [the  latter  is  denied  by  Halliburton]  ;  Piotrow.sky,  a  trace  of 
a  diastatic  ferment.  [When  muscle  liccomesacid,  as  in  rigor  monis.  the  pejisin 
at  a  suitable  tcmperamrc  (35°  to  40"  C.)  acts  on  the  proteids.  and  allnimoses  and 
peptones  are  formed.  Halliburton  found  a  nnyosin  ferment  which  has  the  char- 
acters of  an  albumose.  2.  In  addition  to  volatile  /<i//i'  aaWs  (formic,  acetic, 
butjTic),  there  are  two.  isomeric  forms  of  /ac/t^  aaW  (CtHiPa)  present  in  muscle 
with  an  acid  reaction  :  (a)  Bthyliilene-hctic  acU^  in  the  modification  known  »s 
right- rota  ton'  sar€ol<utic  or  pa  ra/acticd^cid.  which  occurs  only  in  muscles,  and  some 
other  animal  structures.  (^)  Etkyiene-iadic  acid  in  small  amount  v§  251,  3.  ^).  It 
was  formerly  assumed  that  lactic  acid  is  formed  by  fermenl:ition  from  the  carbohy- 
drates of  the  miLscle  (glycogen,  dextrin,  sugar),  and  Maly  has  ol>served  that  para- 
lactic  acid  is  occasionally  formed  when  these  bodies  undergo  fermentation.  Accord- 


METABOLISM    IN    MUSCLE. 


513 


I 


I 


ing  to  Bdhm,  however,  the  glycogen  of  muscle  does  not  pass  into  lactic  acid,  as 

during  rigor  mortis,  if  i)iitrefaclion  be  prevented,  the  amount  of  glycogen  does  not 

<liininish.     If  muscle  be  suddenly  boiled  or  treated  with  strong  alcohol,  the  ferment 

is  destroyed,  and   hence   the  acidification  of  the  muscular  tissue  is  prevented  (2?u 

-B^is-Reymond  ).     Acid  potassium  phosphate  also  contributes  to  the  acid  reaction. 

3.    Camitt  (CtH„N|0,)  which  is  changed   by  bromine  or  nitric  acid  into  sarkin, 

occurs  to  the  extent  of  i  [jer  cent,  in  Liebig's  extract  of  meat  (  fVfidc/).     4.  C/rea^ 

o.oi  per  cent,  {ftaycraft).     [There  is  much  urea  in  the  muscles  of  the  skate.]     5. 

Gfycogen  OCCUR  to  the  amount  of  over  i  per  cent,  after  copious  flesh  feeding,  and 

to  0.5  per  cent,  during  fasting.     It  is  stored  up  in  the  muscles,  as  well  as  in  the 

Hver,  during  digestion,  but  it  disappears  during  hunger.     It  is  perhaps  formed  in 

the  mtticles  from  proteids  (§  174,  a).     6.  Lecithin,  derived  in  part  from  the  motor 

nerve  endings  (§  23  and  §  251).     7.  The  gases  are  CO,  (15  to  18  vol.  per  cent.), 

I>artly  aljsorbed,  partly  chemically  united  ;  some  alisorl>ed  N,  but  no  O,  although 

muscle  continually  absorl)s  O   from  the  blood  paasing.  through  \\.  {L.  Hermann). 

The  muscles  contain  a  siil>stance  whose  decomi)osition  yields  CO,.     When  mu.scles 

are  exercised,  this  sulwtance  is  used  uj),  so  that  severely  fatigued  muscles  yield  less 

CO,  (Stinsing).     [.\11  muscles  have  not  the  same  chemical  composition.] 

394.  METABOLISM  IN  MUSCLE.— [In  living  muscle  we  have  to  study 
die  transformations  of  energy,  and  the  chemical  clianges  on  which  these  depend. 
But  as  we  cannot  examine  the  chemical  changes  which  occur  during  a  contraction, 
we  are  confined  to  a  study  of  (i)  the  composition  of  a  muscle  before  and  after 
contraction,  and  (2)  the  effect  of  contraction  on  the  medium  surrounding  or  pass- 
ing through  a  muscle.  We  may  obsene  the  effect  produced  by  a  muscle  upon  air 
or  other  gabcs  to  which  an  excised  muscle  is  exposed,  or  wc  may  investigate  the 
changes  which  the  blood  undergoes  in  passing  through  a  muscle,  and  if  the  muscle 
be  still  in  situ,  the  effect  upon  the  general  excreta.  These  methods  may  be  applied 
to  muscle  in  various  conditions,  i>assivc  or  active,  dead  or  dying,  to  excised  muscles 
or  those  still  under  normal  circumstances.] 

I.  A  passive  muscle  continually  absorbs  a  certain  amount  of  O  from  the 
blood  flowing  through  its  capillaries,  and  returns  a  certiin  amount  of  CO,  to  the 
blood  stream,  'i'hc  amount  of  CO,  given  off  is  less  than  corresponds  to  the 
amount  of  O  absorlwd.  Excised  muscles  freed  from  blood  exhibit  an  analogous 
but  diminished  gaseous  exchange.  As  an  excised  muscle  remains  longer  excitable 
io  O  or  in  air  than  in  an  atmosphere  free  from  O,  or  in  indifferent  gases,  we  must 
conclude  that  the  above-named  gaseous  exchange  is  connected  with  the  normal 
metabolism,  and  is  a  condition  on  which  the  life  and  activity  of  the  muscle  depend. 
[Resting  living  muscles  also  exhale  CO,.] 

If  a  living  muscle  be  excised,  and  if  lilood  be  {>erfu«cd  through  its  blnod  vessels,  the  amount  of 
O  tued  up  is,  within  pretty  wide  limit<i,  tUmou  independeni  of  temperaiure  :  if  the  variaiions  of  lem- 
p^rstore  be  Kreat,  it  ri»CN  and  (oils  with  tlie  (cmperature.  The  Cr),  given  d(T  by  muscular  tissue  {\vss 
fhxn  the  U  used  up^  ta\U  when  the  muMrlc  is  cooled,  but  it  is  not  increased  when  the  muscle  is  sub- 
*cnu«-nlly  warmed  i/luMter). 

Thia  exchange  of  gases  must  be  disiinguishcd  from  the  putrefactive  phenomena  due  to  the  devel- 
tipmcnl  of  living  organisms  in  the  muscle.  The*<  putrefactive  phenomena  are  also  connected  with 
t^e  consumption  of  (>  ami  the  cxcreliun  of  CO,,  and  occur  soun  afirr  death  {/,,  flcrtminn\. 

II.  In  an  active  muscle  the  blood  vessels  are  always  dilated  {Ludwig 
and  Scseikow,  Gaskell  )—^  condition  pointing  to  a  more  lively  material  exchange 
in  the  organ.  [The  dilatation  of  the  blood  vessels  can  be  observed  microscopically 
in  the  contracting  mylo-hyoid  musile  of  the  frog.]  Hence,  the  active  muscle  is 
<Jistinguished  from  the  passive  one  by  a  series  of  chemical  transformations. 

I        I.  Reaction. — The  neutral  or  feebly  alkaline  reaction  of  a  passive  muscle  (also 
of  the  non-striped  variety)  passes  into  an  acid  reaction  during  the  activity  of  ihc 
rnusclc,  owing  to  the  formation  of  paralaclic  acid  {Du  Bois-Reymond,  1859)  ;  thcl  '^ 
degree  of  acidity  increases  tip  to  a  certain  extent,  according  to  the  amount  of 
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work  performed  by  ihe  muscle  (^.  HeidetihaiiC).  The  acidification  is  due,  accord- 
ing to  Werl  and  Ztitler,  to  the  phosphoric  acid  produced  by  the  decomposition  of 
lecithin  and  (?  nuclein). 

It  is  doalilfnl  if  the  acidity  is  due  to  lactic  acid,  as  Warren  and  Asiascliewskyfind  that  there  ts  less 
laciic  acid  in  the  active  than  in  the  passive  muscle.  Marcusc,  however,  su{>poits  the  lactic  acid 
theory,  while  MolcfcchoU  and  Ritiistiui,  agree  thai  the  patvivc  muscle  cunlains  acid,  Init  ihc  fatigued 
muscle  cuntiiiiis  more,  especially  of  phosphoric  acid  and  (JOj. 

^  2.  Production  of  CO,. — An  active  muscle  excretes  considerably  more  CO,  than 
a  passive  one  :  Ka)  active  muscular  exertion  on  the  part  of  a  man  or  of  animals 
increases  the  amount  of  COj  given  off  by  the  lungs  (§  127);  k^)  venous  blood 
flowing  from  a  letanizcd  muscle  of  a  limb  contains  more  CO,,  more  CO,  being 
formed  than  corresponds  to  the  O  which  has  simultaneously  been  absorbed  {Lud- 
wig  and  Sczelkmv).  I^he  same  result  Is  obtained  when  blood  is  passed  through  an 
excised  muscle  artificially  ;  ^c)  an  excised  muscle  caused  to  contract  excretes  more 
CO,.     (Compare  ^  368.) 

3.  Consumption  of  Oxygen. — An  active  muscle  uses  up  moreO — (a)  when 
more  muscular  work  is  done,  the  body  absorbs  much  more  O  (§  317) — even  4  to 
5  times  as  much  {^Kegnauit  and  Rtiset) ;  {b)  venous  blood  flowing  from  an  active 
muscleof  a  limb  contains  less  O  {Lutiwigt  Scz^ikoWj  and AL  Schmidt),  Neverthe- 
less, the  increase  of  O  used  up  by  the  active  muscle  is  not  so  great  as  the  amount 
of  CO,  given  off  {v.  PetUnkofer  and  ik  Voit).  The  increase  of  O  used  up  may  be 
ascertained  even  during  the  period  of  rest  directly  following  the  period  of  activity, 
and  the  same  is  the  case  with  the  CO^  excreted  {v.  Frfy). 

,\s  yet,  it  is  not  possible  to  prove  by  gasomctric  methods,  that  O  is  used  up  in 
an  excised  muscle  free  from  blood.  Indeed,  the  presence  of  O  does  not  seem 
10  be  absolutely  necessary  for  the  activity  of  muscle  during  short  periods,  as  an 
excised  muscle  may  continue  to  contract  in  a  vacuum,  or  in  a  mixture  of  gases 
free  from  O,  and  no  O  can  be  obtained  from  muscular  tissue  (Z.  Hermann).  A 
frog's  muscles  rob  easily  reducible  substances  of  their  O  ;  they  discharge  the  color 
of  a  solution  of  indigo;  muscles  which  have  rested  for  a  time,  acting  less  energeti- 
cally than  those  which  have  been  kept  in  a  state  of  continued  activity  {Grutsncr, 
Gscheidifh)* 

4.  Glycogen. — The  amount  of  glycogen  (0.43  per  cent,  in  the  muscles  of  a 
frog  or  rabbit)  and  gra[>c  sugar  is  diminished  in  an  active  muscle  (£?.  Nasse, 
^fVi'w),  but  muscles  devoid  of  glycogen  do  not  lose  their  excitability  and  con- 
tractility. Hence,  glycogen  is  certainly  not  the  direct  source  of  the  energy  in  an 
active  muscle.  Perhaps  it  is  to  besought  for  in  an  as  yet  unknown  decomposition 
product  of  glycogen  {Luchsinger).  [There  is  more  glycogen  in  the  red  than  in 
the  pale  muscles  of  a  rabbit.] 

5.  Extractives. — An  active  muscle  contains  less  extractive  substances  soluble 
in  water,  but  more  extractives  soluble  in  alcohol  (zt.  HeimhoUz^  ^^AS)  \  it  also 
contains  less  of  the  substances  which  form  CO,  i^Ranke)  \  less  fatty  acids  {Sczeikow)\ 
less  kreatin  and  kreaiinin  {v.  Voit). 

6.  During  contraction,  the  amount  of  water  in  the  muscular  tissue  increases, 
while  that  of  the  blood  is  correspondingly  diminished  (_/.  Ranke),  The  solid 
substances  of  the  blood  are  increased,  while  they  (^albumin)  are  diminished  in  the 
lymph  {Fano). 

7.  Urea. — The  amount  of  urea  excreted  from  the  body  is  not  materially  in- 
creased during  muscular  exertion  (y.  Voi/f  Fick  and  Wislicenus).  According  to 
Parkcs,  however,  although  the  excretion  of  urea  is  not  increased  immediately,  yet 
after  i  to  xyi  day  there  is  a  slight  increase.  The  amount  of  work  done  cannot 
be  determined  from  the  amount  of  albumin  which  is  changed  into  urea. 

[Relation  of  Muscular  Work  to  Urea. — MA.  Smiih,  farkes,  and  others  have  nude numennis 
Invcsti^aitoos  on  this  subject.    Fick  and  Wulicenus  (i866j  xiiceadedtbe  Faulhorn.and  (or  seventeen 
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boars  before  and  for  six  hours  after  thf  oi^cent  no  prolcid  food  was  taken — the  diet  conMStii^of  cakes 
midc  of  fiu,  sugar,  and  starch.    The  urine  was  collected  in  three  peciodii,  as  follows :— 


Ftek. 

WUUeeiuii. 

t.  Urea  of  li  hours  before  the  ascent,  .    . 
a.      •'            8     '*      during          "          .    . 
3.     "          6     •'     after           "         .   . 

238.55  grs. 

109.44    '•     \.o^„ 

231.05  grs. 
103.46   '*   \,8.-- 

A  hearty  meal  was  taken  after  this  {}eriM,  nnd  the  urine  of  the  next  eleven  hours  after  the  period 
of  rest  contained  159.15  erains  of  urea  (/ir*).  and  176.71  ( tyis/uenus).  All  the  experiments  go  to 
tbow  that  the  amount  uf  urea  excreted  in  the  urine  is  far  uuire  dependent  upon  the  nitiogcn  ingested, 
i.^.,the  nature  of  the  food,  than  u|.ion  ihe  decomposiiion  of  the  muscular  5ul)»tnnce.  A  vcgclalile 
diet  diminishes,  while  an  animal  diet  greatly  increases,  the  amount  of  orca  in  the  urine.  North's 
researches  confirm  tho^:  of  Parkes,  but  he  finds  that  the  disturbance  produced  by  severe  muscular 
labor  is  considerable.  The  elimination  of  phosphates  is  oat  effected,  white  the  sulphates  in  the 
urine  are  incrca^d.] 

During  the  activity  of  a  muscle,  a//  the  groups  of  the  chemical  .substances 
present  in  muscle  undergo  more  rapid  transformations  (_/;  /^a/ik/).     It  is  still  a 
matter  of  doubt,  therefore,  whether  we  maya-ssutne  that  the  kinetic  energy  of  a 
muscle  is  chiefly  due  to  the  transformation  of  the  chemical  energy  of  the  carbohy- 
drates which  are  decomposed  or  used  up  in  the  process  of  contraction.     As  yet 
wc  do  not  know  whether  the  glycogen   is  supplied  by  the  blood  stream  to  the 
rTiii<;cles,  perhaps  from  the  liver,  or  whether  it  is  formed  within  the  muscles  them- 
selves from  some  unknown  derivative  of  the  protclds.     The  normal  circulation  is 
certainly  one  of  the  conditions  for  the  formation  of  glycogen  in  muscle,  as  glyco- 
gen diminishes  after  ligature  of  the  blood  vessels  (C/iand^/p^).     A  muscle  in  which 
the    blood  circulates  freely  is  capable  of  doing  more  work   than  one  devoid  of 
l^lood,  and  even  in  the  intact  body,  more   blood  is  always  supplied  to  the  con- 
Cractecl  muscles. 

f Source  of  Muscular  Energy. — The  experiment  of  Fick  and   Wisliccnus 
definitely  proved  that  the  proteids  are  not   the  exclusive^  or  by  any  means  the 
czhicf    source    of  muscular   energy.     iVs   it    is   conclusively   proved    that    during 
Ymuscular  work  there  is  a  great  increase  in  the  amount  of  O  absorbed,  and  COj 
^iven  off,  it  is  evident  that  the  non-nitrogenous  substances  of  the  food  must  be 
^he  chief  sources  of  this  energy.     We  turn  naturally  to  the  carbohydrates,  and  as 
^he  latter  are  chiefly  stored  up  m  the  form  of  glycogen  in  the  muscles,  it  is  assumed 
%hat  glycogen  is  the  chief  source  of  the  energy.     Glycogen  in  muscle  diminishes 
cjuring  muscular  work,  and  is  stored  up  during  rest  (Bernard).     Kiilz  also  found 
Xhal  in  dogs  the  glycogen  disappears  from  the  liver  during  work,  and  Voit  found 
that  the  muscle  glycogen  disappears  btffore  that   in   the  liver.     It  appears,  there- 
Core,  that  the  carbohydrates  are  a  source  of  muscular  energy.     But  they,  again,  are 
xiot  the  only  source.     It  is  highly  probable  that  glycogen  can  be  formed  from 
j>rotcids,  and  it  is  allowable,  therefore,  to  assume  i\\Ai  protdds  may  also  serve  as  a 
source  of  muscular  energy.     If  this  be  not  so,  it  is  difficult  to  understand  how 
cramivora  can  be  fed  and  maintained  in  good  health  for  long  periods  on  lean  flesh, 
I   The  fats  are  probably  also  another  source.     Hence,  it  would  appear  that  all  three 
of  the  chief  groups  of  food  stulTs — carbohydrates,  protetds,  and  fats — may  serve 
SA  the  source  of  muscular  energy  ;  but  that,  so  long  as  non-nitrogenous  elements 
ore  supplied  in  the  food  in  sufficient  quantity,  or  are  stored  up  in  the  body,  the 
muscles  do  their  work  chiefly  on  thtrse.     After  they  are  used  up,  the  proteids  are, 
as  it  were,  called  up.] 

^5.  RIGOR  MORTIS. — Cause. — lixci.sed  striped,  or  smooth  muscles, 
and  also  the  muscles  of  an  intact  body,  at  a  certain  time  after  death,  pass  into  a 
condition  of  rigidity — cadaveric  rigidity  or  rigor  mortis.      When  all  the 


516 


CAUSE  OF   RIGOR   MORTIS. 


muscles  of  a  corpse  arc  thus  affected,  the  whole  cadaver  becomes  completely  stiff 
or  rigid.  The  cause  of  this  phenomenon  depends  upon  ihe  spontaneous  coagu- 
■>^Iation  of  a_^roieidi  yiz^  the^myoain  of  the  muscular  fibres  {Kiihne).  Under 
certain  circumstances,  the  coagulation  of  the  other  proteids  of  the  muscle  may 
increase  the  rigidity.  During  the  process  of  coagulation,  an  acid  is  formed,  heat 
is  set  free  (v.  Walthir^  Fick--^  223),  owing  to  the  passage  of  the  fluid  myosin  into 
the  solid  condition,  and  also  to  the  simultaneous  and  subsequently  increased 
density  of  the  tiwue. 

Properties  of  a  Muscle  in  Rigor  Mortis. — It  is  shorter,  thicker,  and  some- 
what denser  {SchmuUwitsch) ;  stiff,  compacl,  and  solid  ;  turbid  and  opaque  (owmg 
to  the  coagulation  of  the  myosin) ;  incompletely  elastic,  less  extensible,  and  more 
easily  torn  or  ruptured  ;  it  is  completely  inexcilable  to  stimuli ;  the  muscular 
electrical  current  is  abolished  (or  there  is  a  slight  current  in  the  opposite  direc- 
tion); its  reaction  is  aa'tf,  owing  to  the  formation  of  both  forms  of  lactic  acid 
(S  293),  glycero'phosphoric  acid  {Dtakanow);  while  it  also  develops  free  CO,. 
When  an  incision  is  made  into  a  rigid  muscle,  a  Buid,  the  muscle  serum,  appears 
spontaneously  in  the  wound  (§  293). 

The  first  fonned  lactk  ncid  converts  the  salts  of  the  muscle  into  ocid  salU;  thus.  poUs&iQm  UctMe 
and  acid  iMtiU!>>ium  pho^phaic  arc  formed  frum  pota&sium  phosphate.  The  lacUc  acid,  which  ii 
formed  thereafter,  remnins  free  and  ununited  in  the  mu«le. 

Amount  of  Glycogen. — Tlie  newest  observations  of  Udhm  arc  agninM  the  view  IhnI,  during  rigor 
mortis,  a  jKirtial  or  complete  transformation  of  the  (ilycogcn  inloioigar  nnd  then  into  lactic  acid  itX.ti 

f>lacc.  Uuriii^  dig:f>iian,  a  tcmporim-  storage  of  glycogen  occurs  tn  the  muscles  as  welt  a&  in  the 
ivcr,  &o  that  about  ai>  much  is  found  in  the  muscles  an  ui  the  liver.  There  U  no  diminution  of  the 
glycogen  when  rigidity  takes  place,  provided  putrefaction  be  prevented ;  so  that  the  lactic  acid  of 
rigid  muscles  cannot  be  fonnetl  from  glycogen,  but  more  probably  it  t%  formed  from  the  decomposition 
of  the  albumtrutes  {D^m/in/,  fiShm). 

The  amount  of  acid  docs  not  vnry,  whether  the  rigidity  occurs  roiiidly  or  slowly  ( /.  /!ani*\ ; 
when  ocidincniicn  Ixrgiiis,  the  rigidity  hecome*«  more  marked,  owing  to  the  coagulation  of  the  nlkaii- 
olbuminaie  of  the  mu»cle,  Les»  CO,  i^  fonned  from  a  rigid  muscle,  the  more  CO,  it  ha&  given  off 
previously,  during  muscular  exertion.  A  rigid  muscle  gives  off  N,  and  absortw  O.  In  n  cadaveric 
rigid  muscle,  fibrin  ferment  i^  present  (Al.  S<hmidt  and  oihtri).  It  seems  to  be  a  product  of  pro- 
topla.sm.  nnd  !:!■  never  ab-<ent  wIktc  this  occurs  {_Ratti€htnbach').  [The  myosin  ferment  sciems  not  to 
be  idrnlical  willi  i1k-  fibrin  ffrmi-nl  (p.  512).] 

[Rigor  Mortis  and  Coagulation  of  Blood. — Thus,  there  is  a  marked 
analogy  between  the  coagulation  of  the  blood  and  that  of  muscle.  In  both  cases, 
a  fluid  body  yields  a  solid  body,  fibrin  from  blood,  and  myosin  from  muscle  ;  the 
coagulation  of  blood  is  prevented  by  neutral  salts,  and  so  is  the  coagulation  of 
myosin  ;  dilution  of  the  salted  plasma  produces  coagulation  in  both  cases  ;  and 
perhaps  the  coagulation  tn  both  is  due  to  the  action  of  a  ferment,  the  one  the 
fibrin  ferment,  the  other  the  myosin  ferment.  There  are,  however,  points  of 
diiference,  for  myosin  can  be  dissolved,  reprecipitated,  and  coagulated  several 
times,  while  fibrin  does  not  undergo  recoagulatioii ;  the  formation  of  myosin  from 
myosinogen,  again,  is  accompanied  by  the  development  of  an  acid,  whereas  that 
of  fibrin  from  fibrinogen  is  not ;  further,  the  formation  of  myosin  is  not  accom- 
panied by  the  formation  of  another  globulin,  whereas  that  of  fibrin  from  fibrino- 

Stages  of  Rigidity. — Two  stages  are  recognizable  in  cadaveric  muscles:  In 
the  first  stage,  the  muscle  is  rigid,  but  still  excitable  ;  in  this  stage  the  myosin 
seems  to  be  in  a  jelly-like  condition.  Restitution  is  still  possible  during  this  stage. 
In  the  second  stage,  the  rigidity  is  well  pronounced,  with  all  the  phenomena 
above  mentioned. 

The  onset  of  the  rigidity  varies  in  man  from  ten  minutes  to  seven  hours  [but  as 

a  rule  it  is  complete  within  four  to  six  hours  after  death.     The  muscles  of  the  jaws 

larc  first  affected,  then  those  of  the  nerk  and  trunk,  afterward  (as  a  rule)  the  lower 

limbs^  and  finally  the  upper  limbs].     Its  duration  is  equally  variable — one  to  six 

days.     After  the  cadaveric  rigidity  has  disappeared,  the  muscles,  owing  to  further 
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decomf>05itions  and  an  alkaline  reaction,  become  soft,  and  the  rigidity  disappears 

iNysten).     The  onset  of  the  rigidity  is  always  preceded  by  a  loss  of  nervous 

activity.     Hence,  the  muscles  of  the  head  and  neck  are  fin>t  affected,  and  the  other 

rmiscles  in  a  descending  series  {§  352).     Disappearance  of  the  rigidity  occurs  first 

in  the  muscles  first  affected  {Nysten).     Great  nitiscular  activity  before  death  (e.  g., 

spasms  of  tetanus,  cholera,  strychnin,  or  opium  poisoning)  causes  rapid  and  intense 

rigidity  ;  hence,  the  heart  becomes  rigid  relatively  rapidly,  and  strongly.  ^>4iuni£dy 

finimals  may  become  affected  within  a  few  minutes  after  death.    Usually  the  rigidity 

lasts  longer  the  later  it  occurs.     Rigidity  does  not  occur  in  a  ftetus  before  the 

seventh  month.     A  frog's  muscle  cooled  to  o**  C.  docs  not  begin  to  exhibit  cada* 

'vcric  rigidity  for  four  to  seven  days. 

Stenson's  Experiment. — The  amount  of  blood  in  a  muscle  has  a  marked 
effect  upon  the  onset  of  the  rigidity.  yJJgature  of  the  muscular  arteries  causes  at  < 
first  in  all  mammals  an  increase  of  the  muscular  excitability,  and  then  a  rapid  fall  , 
of  the  excitability  {Schmuleivitsch)\  thereafter  stiffness  occurs,  the  one  stage 
C^Uowing  closely  upon  the  other  {Swammerdam,  Nic.  SUnson,  1667).  [If  the 
ligature  be  removed  in  the  first  stage,  the  muscle  recovers,  but  in  the  later  stages 
«he  rigidity  is  permanent.]  If  the  artery  going  to  a  muscle  be  ligatured,  Stannius 
observed  that  the  excitability  of  the  motor  nen-es  disappeared  after  an  hour, 
that  of  the  muscular  substance  after  four  to  five  hours,  and  then  cadaveric  rigidity 
set  in. 

PatbologJcaL — When  ihc  blood  vessels  of  a  muscle  arc  nctludctl.  by  coAgulntion  taking  place 
"Within  them,  ngi^litv  of  the  muscles  is  produced  (|  102).  True  ca^lavchc  rigidity  may  b*  produced 
ky  too  tight  handft^ir^ ;  the  miucles  arc  pnrulyzcd.  rigid,  aud  t>n:ak  up  into  Hakci,  while  the  conltrnts 
«jf  the  fibre  are  nfttTwjutl  ahsorl>«i  \fi.  Volkmunn').  IX'clusion  of  the  blood  vessels  of  muscles  by 
infarcts,  especially  in  pcrsoni  with  atheromatous  arteries,  may  even  cause  t^crosis  of  the  muscles 
implicated  yfin^hy  Ciramieau). 

If  the  circulation  be  re-established  during  the  fir^t  stage  of  the  rigidity,  the 
muscle  soon  recovers  ils  excitability  {Stannius).  When  the  second  sta^e  has  set 
in,  restitution  is  impossible  {Kuhne).  In  cold-blooded  animals,  cadaveric  rigidity 
<loes  not  occur  for  several  days  after  ligaturing  the  blood  vessels.  Brown-Stquard, 
1iy  injecting  fresh  oxygenated  blot»d  into  the  blood  vessels,  succeeded  in  restoring 
the  excitability  of  the  muscles  of  a  human  cadaver  four  hours  after  death,  /.  ^., 
during  the  first  stage  of  cadaveric  rigidity,  l.iidwig  and  W.  Schmidt  found  that 
the  onset  of  cadaveric  rigidity  was  greatly  rewrded  in  excised  muscles,  when  arterial 
blood  ft*a5  passed  through  their  blood  vessels.  Blood  deprived  of  its  O  did  not 
produce  this  effect.  C'adaveric  rigidity  occurs  relatively  early  after  severe  hemor- 
rhage. If  a  weak  alkaline  fluid  be  perfused  through  the  blood  vessels  of  the  dead 
muscles  of  a  frog,  cadaveric  rigidity  is  prevented  iSchipHoff). 

Section  of  Nerves. — Preliminary  section  of  the  motor  nerves  causes  a 
later  onset  of  the  rigidity  in  the  corresponding  muscles  { Brown- Siquard^  Heineke). 
[The  same  result  occurs  after  a  hemi-*«ction  of  tlie  spinal  cord  or  after  removal  of 
one  cerebral  hemisphere  {^Bierfreund).'\  In  fishes,  whose  medulla  oblongata  is 
suddenly  destroyed,  cadaveric  rigidity  occurs  much  more  slowly  than  in  those 
animals  that  die  slowly  (Bfam). 

[Other  Influences. — Rigidity  begins  much  later  in  the  red  (l  I  to  15  ]iour»)  than  in  pnlc-  muscles 
^1  to  3  hour*  post  mortem) ;  the  rigor  is  complete  in  the  white  magcles  in  10  to  14  hours,  in  the  red 
in  52  lo  5S  houn.  Tlie  extent  of  shortening  due  to  the  rigor  is  2  to  2  f^  times  as  great  n&  in  the 
while.  Tn  both  muscles  the  resolution  of  the  rigor  liegins  12  to  15  hours  after  the  completion  of  the 
rigidity,  so  that  the  red  muscles  are  not  completely  rigid  before  the  other  muscles  appear  to  hove  posscd 
fivjm  n  slate  of  rigidity.  Tcmpcrtiture  has  a  marked  cflcct,  but  it  acl.s  more  nn  the  rcM)lulinn  than  on 
lite  on&et  of  the  ngor.  At  60^  C.  the  onset  b^ins  almost  at  once,  and  is  complete  in  n  few  minut4^ 
I  Bierfreund).  Ether  and  chloroform  injt-ctcd  into  the  blood  vessels  cause  almotil  iiuitontaiteous  rigor 
{Kuitmaul)7\ 

Rigidity  may  be  produced  artificially  by  various  reagents; — 

t.  Heat  ['*  Heat  stiffening"]  causes  the  myosin  to  coagulate  at  40*^  C.  io  % 
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cold-blooded  animals,  in  birds  about  53*"  C,  and  in  mammals  at  48**  to  50"  C. 
The  protoplasm  of  plants  and  animals,  e.  ^.,  of  the  amoeba,  is  coagulated  by  heat, 
giving  rise  to  heat  rigor. 

Schaiulewit5ch  round  ibal  thtf  longer  n  muscle  had  bc«n  excised  from  the  body,  the  grtoter  was  Ihe 
tical  nxjtured  la  i»roduce  Miffciiiny.  Heal  iititfciiiiig  dilftrs  from  cadaveric  rigidity  thu^:  a  13  per 
cent,  solution  of  oiiKnonlum  chloride  dissoUe-s  out  the  myosin  from  a  cadaveric  rigid  muscle,  but  not 
fi^m  oiie  rendered  rij^d  by  heat  (SchipHoff).  If  the  ligid  cadaveric  muscles  of  a  frog  be  bested, 
nnolher  protcld  coagulates  at  45°,  and  lastly  at  75°  the  scium  albumin  itself.  Hence,  both  procoMS 
together  make  the  muscle  more  rigid  (g  295). 

2.  When  a  muscle  is  saturated  with  distilled  water,  it  produces  '*  water 
stiffening  " — an  acid  reaction  being  developed  at  the  same  time. 

Muscles  rendered  siilT  by  water  .still  exhibit  electro- motive  phenomena^  while  muscles  rendered 
rigid  by  olber  means  do  not  [Biedcrmann).  If  the  upper  limb  of  a  fr(^  be  ligatured,  deprived  of 
its  skin,  and  dippctl  in  warm  water,  it  becomes  rigid.  If  the  bgalure  bcretnove<i  and  the  drculatioo 
reestablished,  tlie  rigidity  may  be  partially  set  aside.  If  there  be  well-marked  rigidity,  it  can  only  be 
set  aside  by  placing  the  limb  in  a  lo  per  ccuu  solutiou  of  common  salt,  which  disaolves  the  coagnluin 
of  myosin  {Preyer). 

3.  Acids,  even  C0„  rapidly  produce  "acid  stiffening,"  which  is  probably 
different  from  ordinary  stiffening,  as  such  muscles  do  not  evolve  any  free  CO, 
(Z.  Nermann).  The  injection  of  o.  i  to  0.2  per  cent,  solutions  of  lactic  or 
hydrochloric  acid  into  the  muscles  of  a  frog  produces  stiffening  at  oncCj  which 
may  be  set  aside  by  injecting  0.5  per  cent,  solution  of  an  acid,  or  by  a  solution 
of  soda,  or  by  15  per  cent,  solution  of  ammonium  chloride.  The  acids  form  a 
compound  with  myosin  {Schipiloff). 

4.  Freezing  and  thawing  a  part  alternately,  rapidly  produce  stiffening  ;  and 
it  is  aided  by  mechanical  injuries. 

Poisons. — Rigur  mollis  \f>  favored  by  quinine,  caffcin,  digiialin  [a  concentrated  solution  of  caftrin 
or  dii>italin,  a[>|>lied  to  the  muscle  of  a  froj,  produces  rigor  mortis],  vcratrin,  hydrocyanic  acid,  etba*, 
chlorururai,  the  ,oil  of  mustard,  reune!,  imd  oiiiseed ;  direct  contact  of  muscular  tissue  with  potasatwo 
!iul|)hoc>-anidc  { fitrnani,  Sehckenow),  ammonia,  alcohol,  and  metallic  salts. 

Position  of  the  Body. — The  attitude  of  the  body  during  codflveric  rigidity  is  generally  that 
occupied  ai  ilcaib ;  the  pos.itIon  of  the  limlft  is  the  result  of  the  varying  ten^iL>ij«i  of  the  diirercnl 
muscles.  Duriuf;  the  occurrence  of  r^or  mortis,  a  limb,  or  more  firequenily  tbt^  arm  and  fingcvs,  may 
move  {^Sommer).  I'hui,  if  stiffening  ucctm  rapidly  and  tirmly  in  certain  groups  of  mu.<^clc&,  this 
may  produce  movements,  as  is  sometimes  seen  in  cholera.  If  cadaveric  rijjidity  ocairs  very  rapidly, 
the  body  may  occupy  the  some  position  which  it  did  at  the  moment  of  death,  as  sometimes  happens 
on  the  bntllc  field.  In  these  case.H  it  doe*  not  f^cm  that  n  contracted  condition  of  the  muscle  pas&es 
Bt  once'into  rigor  mortis^  but  between  these  two  conditions,  according  to  UrQcke,  there  is  always  a 
very  short  relaxalinn. 

Muscles  which  have  been  plunged  into  boiling  water  do  not  undergo  rigor  mortis,  neither  do 
they  become  iicid  i  Du  Bois-fieymand),  nor  evolve  free  CO,  ( L.  f/crmann). 

Work  done  during  Rigidity. — A  muscle  in  the  act  of  Wcoraing  stiff  will  lift  a  wei^t,  bat  the 
beiglit  to  which  it  is  liftnt  v,  greater  ulib  small  weights,  less  with  heavier  weights,  than  when  i 
living  muscle  i.s  simulated  with  a  maximal  stimulus. 

Analogy  between  Contraction  and  Rigidity. — L.  Hermann  has  drawn 
attention  to  the  analogy  which  exists  between  a  muscle  in  a  state  of  contraction 
and  one  in  a  state  of  cadaveric  rigidity — both  evolve  COj  and  the  other  acids 
from  the  same  source ;  [both  acts  take  place  without  the  consumption  of  O}. 
The  form  of  the  contracted  and  of  the  stiffened  muscles  is  shorter  and  thicker; 
both  are  denser,  less  elastic,  and  evolve  heat ;  in  both  cases,  the  muscular  contents 
behave  negatively  as  regards  their  cicctro-molive  force,  in  reference  to  theutialtered, 
living,  resting  substance.  Hence,  he  is  inclined  to  regard  a  muscular  contraction 
as  a  temporary,  physiological,  rapidly  disappearing  rigor.  Rigor  mortis  is  in  a 
certain  sense  the  last  flickering  act  of  a  living  muscle  [and  he  regards  contraction 
as  partial  death  of  a  muscle.  But  this  is  no  explanation,  and  moreover  there  are 
imi>ortant  points  of  difference.  We  have  no  proof  of  a  coagulum  being  formed 
during  contraction,  while  the  extensibility  is  increased  during  contraction  and 
much  diminished  during  rigor.] 
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Disappearance  of  Rigidity, — When  rigor  mortis  passes  off,  there  is  a  cou- 
stdtrrablc  amount  of  acid  fortned  in  ihc  musrle,  which  dissolves  the  coagulated 
myosin.  After  a  time  putrefaction  sets  in,  accompanied  by  the  presence  of 
microorganisms  and  the  evolution  of  ammonia  and  putrefactive  gases  (H,S,  S,  CO, 
— §  184).     [Hermann  and  Rierfreiind  attach  mncl^  importance  to  the  resolutioa 

»of  rigor  mortis  independently  of  putrefaction.] 
AccnrHing  to  Oninms.  the  loss  of  exciiabiUty  which  precedes  the  ansci  o(  rignr  monis  occurs 
ID  the-  followinfi  orrlcT  in  man:  Icfl  vcnlriclc,  Kiomacti.  intestine  ($5  minutes];  urinnry  bladder, 
nglit  ventricle  (tK)  mln.) ;  irii  (I03  miu.J ;  muscles  of  face  and  tongue  llSotmo.) ;  the  extensors 
of  the  e«tremtti»  (ah  au  one  hour  iKfurt:  the  flexors);  the  muscles  of  the  trunk  (6ve  to  iVt  hours). 
The  crsopha^os  remains  excitable  for  n  lon^  time  (^  3^5)- 

tage.  MUSCULAR  EXCITABILITY.— By  the  term  excitability  or 
irritability  of  a  muscle,  is  meaiu  :liat  proi>erty  of  a  muscle  in  virtue  of  which  it 
responds  to  stimuli,  at  the  same  time  becoming  shorter  and  correspondingly  thicker. 

^'^he  condition  of  excitement  is  the  active  condition  of  a  muscle  produced  by  the 
application  of  stimuli,  and  is  usually  indicated  by  the  act  of  contraction.  Stimuli 
ssj-e  Eiraply  various  forms  of  energy,  and  they  throw  the  muscle  into  a  state  of 
excitement,  while  at  the  moment  of  activity  the  chemi*:al  energy  of  the  muscle  is 
transformed  into  work  and  heat,  so  that  stimuli  act  as  "  liberating  "  or  "  dis- 
<:harging  forces."  [Tht^e  "  discharging  forces  "  may  themselves  be  very  feeble, 
tjut  ihey  are  capable  of  causing  the  manifestation  of  the  transformation  of  a  large 
«a.mount  of  energy.]  The  normal  temperature  of  the  body  is  most  favorable  for 
Y'Kiaintaining  the  normal  muscular  excitability  ;  the  excitability  varies  as  the  tem- 
j:x:rature  rises  or  falls. 

As  long  as  the  blood  stream  within  a  muscle  is  uninterrupted,  the  first  effect 
<z>f  stiruulation  of  a  muscle  is  to  increase  its  energizing  power,  partly  because  the 
<=irculation  is  more  lively  and  the  blood  vessels  are  dilated,  but  after  a  time,  the 
<;nergijcing  power  is  diminished.  Kven  in  excised  muscles,  especially  when  the 
large  nerve  trunks  have  already  lost  their  excitability,  the  excitability  is  increased 
^aXter  a  stimulus,  so  that  the  application  of  a  scries  of  stimuli  of  the  same  strength 
^ravises  a  series  of  contractions  which  are  greater  than  at  first  ( IVumit).  Hence, 
"*we  account  for  the  fact  that,  although  the  first  feeble  stimulus  may  be  unable  to 
-^discharge  a  contraction,  the  second  may,  because  the  first  one  has  increased  the 

■  »Ttiu5cular  excitability  (^Fick). 

I  Effects  of  Cold.— If  the  muscles  of  m  frog  or  tortoise  be  kept  tn  n  cool  pUce,  they  may  remain 
^sellable  for  ten  (iay».  w  hilc  the  muscles  of  warm-t>load[.'<l  animiU  cease  to  Ik;  excitable  after  one  and 
ai  half  to  two  and    a  half  hours.      [Vor  the  heart,  see  ^  55.)      A    muscle,  when  stimulated  dirutly^ 

■  «dways  remains  excitable  for  a  longer  lime  when  it<  motor  nerve  b  already  dead. 

\        [Independent    Muscular   Excitability. — Since  the    time  of  Albrecht   v. 
XIaller,  and  R.  Whytt,  physiologists  have  ascribed  to  muscle  a  (ondilion  of  exci- 
tability  which  is  entirely  independent  of  the  existence  of  motor    nerves,  but  is 
^dependent  on  certain  constituents  of  the  sarcous  substance.     Kxcitability,  or  the 
property  of  responding  to  a  stimulus,  is  a  widely  distributed  function  of  protoplasm 
or  its  modifications.     A  colorless  blood  corpuscle  or  an  amoeba  is  excitable,  and 
so  are  secretory  and   nerve  cells.     In  the  first  case,  the  application  of  a  stimulus 
I    results  in  motion  in  an  indefinite  direction,  in  the  second  in  the  formation  of  a 
"  secretion,  and  in  the  third  in  the  discharge  of  nerve  energy.  In  the  case  of  muscle,  a 
stimulus  causes  movement  in  a  definite  direction,  called  a  cotiiraction,  and  depend- 
ing on  the  contractility  of  the  sarcous  substance.     There  are  many  considerations 
which  show  thai  excitability  is  independent  of  the  nert'ous  system^  although  in  the 
liigher  animals,  nerves  are  the  usual  medium  through  which  the  excitability  is 
brought  into  action.     Plants,  however,  are  excitable,  and  they  contain  no  nerves.] 
Numerous  experiments  attest  the"  ipd^pgndent  excitability  "of  muscles:      1. 
There  ate  chemical  stimuli,  which  do  not  cause  nioveoient  when  applied  to  motor 
nerves,  but  do  so  when  ihey  are  applied  directly  to  muscle ;  ammonia,  lime-water, 
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carbolic  acid.  a.  The  ends  of  the  sartorius  of  the  frog,  in  which  no  nu^ 
terminations  are  observable  bj"  means  of  the  microscope,  contract  when  thrya-^^ 
stimulated  directly  {Kiihtu).  3.  Curara  paralyzes  the  extremities  of  the  mol*,^ 
nerves,  while  the  muscles  themselves  remain  excitable  (CL  Bernard,  K^Uket'  ^ 
The  action  of  coldy  or  arrest  of  tke  bhod  supply  in  an  animal,  abolishes  tr^i 
excitability  of  the  nerves,  but  not  of  the  muscles  at  the  same  time.  4.  Afta-^-^ 
section  of  its  ner\'e,  a  muscle  still  remains  excitable,  even  after  the  nencs  ha^^ 
undergone  fatly  degeneration  {Brown-S}^uarJ,  Bidder).  5.  Sometimes  elertri^^ 
stimuli  act  only  upon  the  ner\'es,  and  not  upon  the  muscle  itself  {Brueke).     ^ 

1  'Hie  foetal  heart  contracts  rhythmically  before  any  nervous  structures  are  discon^^i 

I  able  in  it] 

[The  Action  of  Curara. — Curara,  woorali,  urari,  or  InHinn  nrroir  ptHton  or  Sooth  Amcric^^^ 
the  inspissated  juice  of  ihc  Strychnos  crcvauxt.     A  woicry  extract  of  the  dmg,  when  injccied  n^^Jj 
the  skin  or  into  the  blood  of  an  aiiinial,  acts  chltHly  upon  the  motor  nerve  endings,  and  dc 
ofTcct  the  muscular  coiitraclilily.     An  itctive  sulistance,  curarin^  has  been  isolated  from  ii  (p,  ^t  gj. 
I\>i!K>n  a  frog  by  in)«cting  a  few  milligraromes  into  the  dorsal  lymph  sac.     In  a  few  minutes  afle^r^ ^/J 
poison   it  al^arl)e(i,  the  animal  ceases  to  siiiiport  itself  on  ws  fore-hmln;  it  lies  flat  on  the  tat*}^ 
limbs  arc  paralyzed,  and  so  are  the  respimioty  iiiovenicnts  in  the  ihr'jat.     When  coniplctelT  u&jf,' 
the  action  of  the  )>oi&on,  the  frog  lie<i  iu  any  |>u:iilion,  limp  and  mtilionlcse,  neither  exhil'itini;  Voli;., 
tary  Dor  reflex  movements.     If  the  brain  be  destroyed  and  the  skin  removed,  on  faradinnj;  the  «ci4tL- 
nerve,  no  contraction  of  the  muscles  of  ibe  liind  limb  occurs:   but  if  the  electrical  siitnulu^  be  apjt^irj 
directly  to  the  muscles,  they  contract,  thus  proving  that  curara  {wisons  the  motor  connectiont  tixi 
not  the  muscles.     If  the  dose  be  not  too  lo^e,  the  heart  still  continues  to  l>eBt,  and  the  vawcaota- 
nerves  remain  active] 

[Methods, — {\)  Local  Application. — Bernard  took  two  nerve-mtiscle  prepa- 
rations, ptit  some  solution  of  curara  into  two  watch  glasses,  and  dipped  the  nerve 
into  one  glass  and  the  nuiscle  of  the  other  preiiaralion  into  the  other  glass.  Thf 
curara  penetrated  into  both  preiiarations.  and  he  found,  on  stimulating  the  ner^v 
which  had  been  steeped  in  curara,  that  its  muscle  still  contracted,  so  that  the  curara 
had  not  acted  on  the  motor  nerve  fibres ;  while  stimulation  of  the  nerve  of  the  olhrr 
preparation  produced  no  contraction,  although  the  corresponding  muscle  contracted 
In  the  latter  case,  the  curara  had  penetrated  into  the  muscle  and  affected  tlic  intra- 
muscular portions  of  the  nerve.] 

[{ 2 )  Hut  it  is  the  terminal  or  intramuscular  portions  of  the  nerves,  not  the 
nerve  tnmk,  which  are  faraly/ed.  Ligature  the  sciatic  arten,',  or,  l^etter  still,  w 
all  the  parts  of  the  hind  limb  of  a  frog,  except  the  sciatic  ner\'e,  at  the  upper  pwl 
of  a  thigh  (Fig.  315).  Inject  curara  into  the  dorsal  lymph  sac.  'ITic  poisoned 
blood  will,  of  course,  circulate  iu  ever)-  part  of  the  body  except  the  ligatured  limb 
'llie  shaded  parts  are  traversed  by  the  poison.  Ibe  animal  can  still,  at  a  ccrUiQ 
stage  of  the  poisoning,  pull  up  the  non-iwisoncd  limb,  while  it  cannot  mcft'e  the 
poisoned  one.  At  this  time,  although  poisoned  blood  has  circulated  in  the  sacral 
and  intra-abdominal  parts  of  the  ner\es,  yet  they  are  not  paralyzed,  so  that  thep*" 
son  does  not  act  on  this  part  of  the  trunk  of  the  nerve.  But  we  can  show  that  it 
does  not  act  on  any  part  of  the  extra-muscular  trunk  of  the  nerve.  'Ibis  is  donel»y 
ligaturing  the  arteries  going  to  the  gastrocnemius  muscle,  and  then  |X)isoning  the 
animal.  On  stimulating  the  ner\'e  on  the  ligatured  side,  the  gastrocnemius  of  tint 
side  contracts,  although  the  whole  length  of  the  nerve  trunk  «"js  supplied  byptw- 
soned  blood.  Therefore,  it  is  the  intra-museuiar  terminations  of  the  nen»  ^'^'^ 
arc  acted  on.] 

[By  means  of  the  following  arrangement  we  may  prove  that  the  terminal  p"^* 
of  the  nerve  are  paralyzed.  Ligature  the  sciatic  artery  of  one  leg  of  a  frog, «"° 
then  inject  curara  into  a  lymph  sac.  After  the  animal  is  fully  poisoned,  expo* 
the  sciatic  nerve  in  both  legs,  leaving  all  the  muscles  below  the  knee  joint;  tbc" 
clean  and  divide  the  femur  at  its  middle.  Pin  a  straw  flag  to  each  lirab,  J(id»* 
both  femora  in  a  clamp,  with  the  gastrocnemii  uppermost,  as  in  Fig.  316.  Pl*^ 
the  two  nerves,  N,  on  electrodes  attached  to  two  wires  coming  from  a  comnwiW''* 
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C  (Fig.  316).  From  the  opposite  binding  screws  of  ihe  commutator  two  wires 
pass  to  the  gastrocnemii.  The  other  two  binding  screws  of  the  commutator  are 
connected  with  the  secondary  coil  of  an  induction  machine  (§  330).  The  bridge 
of  the  commutator  can  be  turned  so  as  to  pass  the  current  either  through  both 
muscles  or  both  nerves — ^the  latter  is  the  case  in  the  diagram  (H).  When  both 
ntrves  are  stimulated,  only  the  non-poisoned  leg  (NP)  contracts.  Reverse  the 
commutator,  and  pass  the  current  through  both  muscles^  when  both  contract.'^ 

[Rosenthal's  Modificatign. — Pull  lli«  secondary  coil  fnr  »way  from  the  primary,  and  pus  the 
euirent  through  t»olh  muscles.  Gradually  approximate  the  secondary  lo  the  jwimary  coil,  and  in 
duiog  «o  It  will  l)e  found  that  ttie  nnn-poi<onecl  Irg  contracts  first,  hut  on  continuing  to  push  up  the 
secondary  coil,  boih  limbs  coniraci.  Thus,  tdc  poisoned  limb  does  not  respond  to  su  feeble  a  faradic 
Mimulus  OS  the  non-poiM)ned  ont,  a  result  which  is  nut  due  lo  llic  action  of  the  curarn  on  the  cucita- 
bilily  of  the  muKle.  The  non-poisoned  limh  responds  to  a  feebler  stimulus  bccauitc  its  motor  nerve 
terminations  arc  not  paralyzed,  while  the  poisoned  leg  does  not  do  so,  because  the  motor  terminations 
■re  paralyxed.     A  feebler  induced  shock  suffices  to  cause  a  mu$c)e  to  contract  when  it  is  applied  to 
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Fiog  with  iciatic  nrtery  liga- 
tured. S.P.,  ftpifial  cord 
Nriiti  -tfTefcnt  And  effercot 
Tii^rve*;  P.,  poisoned, 
N.P.,  non-pniiioiied  leg ; 
M,  gMtrocacmlus  mus- 
cles. 
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Schema  of  the  curan  evpcHrneni.  B,  boi- 
Icry;  I.  piimnnr:  II,  «cconduy  spiral; 
N,  nerve«  ;  F,  cuatp;  NP,  noti-poisofied 
lc(;  P,  poiioncd  Ics;  C.  comtnuiaior: 
K,  key. 


In  large  doses. curara  also  ofiiects  the 


Qie  nerve  than  when  it  is  applied  to  the  muscle  itielf  directly. 
^pitial  cord  (p.  523).] 

[On  what  structures  does  curara  act  ? — These  experiments  prove  that  curara  docs  not  paralv/e 
Bic  motor  nerve  lnink>,  nor  the  inuM:ular  fibres,  and  that  tt  acts  on  the  motor  lemunatioua  within 
Ihe  nrascles,  but  they  do  not  enable  us  to  state  Ihe  precise  part  of  the  nerve  ending  so  affected,  it 
may  act  00  (I )  the  nerve  juM  before  it  piertes  the  iiarcolemma,  {i\  the  sul>-Iemniar  axi*  cylinder,  (3) 
the  otd  plates.  (4)  the  terminal  branches  or  spray.  Kilhne  and  I*ullit7cr  have  made  it  probable  that, 
evea  when  a  muscle  is  thoroughly  impregnated  with  curara,  some  of  the  nervous  apparatus  i&  unaf- 
fected. The  sartorius  19  most  cxcit.-ible  where  (bcrc  arc  moM  nerves  { Fig.  31K),  and  even  in  a  muscle 
ofoundly  poisoned  with  ciu'ara.  the  distribution  of  excitability  varies  with  the  nunilier  of  nerves  in 
e  several  part.i  of  the  mn.scle  (KIr.  317)  just  as  in  a  normal  muscle,  with  lbi.s  difference,  that  the 
ctlahility  of  all  ibe  partn  of  the  mu.tclc  ccmlaining  nerves  is  lesH  than  normal.  That  ihi^  ranalian 
rxcitaliilily  U  due  to  nervous  structutcs,  is  shown  by  using  a  potari/ing  anrtectrolonic  ciurent 
335),  wliich  depressei  the  excitiibiliiy  of  nerve  fibre*;,  and  then  this  differenceof  excitability  dis- 
ppears,  Ibe  curve  of  excilabiril)  running  paraUel  with  the  ati&cis&a,  su  that  the  difTereoce  does  not 
rm  (o  be  due  to  purely  muscular  caiues.] 
[E^lliuer,  speculating  as  to  which  part  of  the  terminal  nerre  is  affected,  supposes  that  all  parts 
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beyond  the  last  node  nf  Ranvier  retain  their  ftinctions,  and  he  supposes  thai  it  U  not  the  axis  cylindcn 
tlicmfrclvcti,  but  i)ic  cement  at  the  noclcs,  on  which  the  drug  exerts  its  specific  action.] 

Neuro-Muscular  Cells.  —  Even  in  the  lower  animals,  t.  ^•..  Hydrn  and  Modub-c,  there  are  uni- 
cellular 9tructitrc&  cillvd  "  neuro  muscular  cells"  in  which  ihc  nervous  and  muscular  nihi<>tances  are 
reprciented  in  the  saine  cell  i^fCUinenbcr^  and  Etmer).  [The  outer  parl<tf  these  ctlla  i»  adapted 
for  the  action  of  slimuli,  and  corresponds  to  the  nervous  receyrtive  organ,  while  the  inner  drejicr  part 
is  contractile,  and  \s  ilie  rvpresentative  of  the  muscular  pait.] 

Muscular  Stimuli. — Various  stimuli  cause  a  muscle  to  contract,  either  by 
acting  upon  its  motor  nerve,  or  upon  the  muscular  substance  itself  (^324).  [The 
former  is  called  indirect  stimulation,  the  latter  direct  stimulation.] 

1.  Under  ordinary  circumstances,  the  normal  stimulus  exciting  a  muscle  to 
contract  is  the  nerve  impulse  which  passes  along  a  nerve,  but  its  exact  nature 
is  unknown. 

2.  Chemical  Stimuli. — AH  chemical  substances  which  alter  the  chemical 
composition  of  a  muscle  with  sufficient  rapidity,  act  as  muscular  stimuli.  Mineral 
acids  (HCl  o.i  ]>er  cent.)*  acetic  and  oxalic  acids,  the  salts  of  iron,  zinc,  copper, 
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Curve  tliuwiog  ilic  c*ti|-ilMtiiy  in  ilic  %ir- 
torilia  of  a  frog  in  a  normal  and  curartted 
nractc. 


Pisinbulioti  of  nerves  In  ilicsartorlui 
of  a  frof  nnij  the  curve  of  vxcita- 
hiliiy  in  difr«r«ni  paru  "f  the 
muscle,  i.f.,  the  excitability  u 
grcalMt  %i>herc  thcr«  an  moal 
nerve  sndingi. 


silver,  and  lead,  bile,  all  act  in  weak  solutions  as  muscular  stimuli  \  they  act  upon 
the  motor  nerve  only  when  they  are  more  concentrated.  Lactic  acid  and  glycerin, 
when  concentrated,  excite  only  the  nerve  ;  when  dilute,  only  the  muscle.  [The 
lower  end  of  the  sartorius,  which  contains  no  nerves,  may  be  dipped  into  glycerin, 
and  it  will  not  contract,  but  if  it  be  dipped  deeper  to  where  there  are  nerve 
endings,  it  will  contract  at  once.]  Neutral  alkaline  salts  act  equally  upon  nerve 
and  muscle ;  alcohol  and  ether  act  on  both  very  feebly.  When  water  is  injected 
into  the  blood  vessels,  it  causes  fibrillar  muscular  contractions  (p.  H'litich),  while 
a  0.6  per  cent,  solution  of  NaCl  may  be  passed  through  a  muscle  for  days  without 
cau-sing  contraction  {KoUiker^  O.  Nassi).  [Carslaw,  under  Ludwig's  direction, 
however,  found  that  solutions  containing  0.5  to  o.a  percent.  NaCl,  when  perfused 
through  the  muscles  of  a  frog,  excite  many  short,  powerful  attacks  of  tetanuSi 
separated  from  each  other  by  periods  of  rest.  Solutions  containing  0.5  to  0.7  per 
cent.  NaCI,  /.  ^.,  so-called  "  indifferent  fluids"  or  "  normal  saline,"  are  not  without 
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inRuence,  but  of  all  known  saline  solutions,  they  injure  a  nerve-muscle  preparation 
least.  Solutions  of  i  to  3  per  cent,  rapidly  kill  the  muscle.]  Acids,  alkalies,  and 
extract  of  flesh  diminish  the  muscular  excitability,  while  the  muscular  stimuli, 
in  small  doses,  increase  it  {Jiankt).  Ga4rs  and  va^rs  stimulate  muscle;  they 
cause  cither  a  simple  contraction  (^.  jf.,  HCl),  or  at  once  permanent  contraction 
or  contracture  {e.  ^.,  CI).  Long  exposure  to  the  gas  causes  rigidity.  The  vapor 
of  bisulphide  of  carbon  stimulates  only  the  nervtSt  while  most  vapors  (^.  g.^  HCl) 
kill  nnthout  exciting  them  {Kithnf  and Jani). 

Method. — In  tnakini;  e^pcrimtrnts  upon  th?  cliemical  stimulation  of  muscle,  it  is  inadriMtble  to 
dip  the  tr«ntTcnc  section  of  the  Diuficlc  into  the  >oIutioti  of  the  ciicinical  rcagt-nt  (/Attp*^'-).  Tlie 
cbemical  Mimulus  ought  to  be  applied  in  Milulion  to  a  limited  poition  of  the  uninjured  uirfnce  of  tbe 
tnntcle :  after  a  few  secoods,  we  oUata  a  conlractioa  or  lilwillar  twitcfaingi  of  ibe  superficial  muacular 
layen  {l/ertHg). 

[Rhythmical  Contraction. — While  rhyihmical  cntractions  are  very  mnrked  in  smooth  muscle, 
(especially  if  it  is  »lretclieil  or  kubiectecl  to  caniiilcrablc  internal  preMure.  as  in  the  hollow  viM:era). 
/.  X-*  the  inleMinr,  uterus,  ureter,  bloo'-l  ve$^ls.  and  also  in  tbe  .ttripetl  but  involuntary  cardiac  mus- 
culoiure  (j  58),  they  ore  not,  as  a  rate,  very  cunnnon  in  striped  voluntary  muscle.  CliemicAl  itirauli 
arc  particularly  elTective  m  producing  them.]  ]f  Ibc  sirturius  of  a  curarized  Uo^  be  dipped  into  a 
Kilulion  composed  of  5  grms.  NaCI,  3  grms.  alkaline  sodium  pliDspbatc,  and  0.5  grm.  iodium  car- 
bonate in  I  litre  of  water,  at  lo^  C,  the  mu4cle  eontracis  rhythmically,  and  may  do  so  for  several 
days,  especially  with  a  low  temperature  \Bie<(trmaHn).  This  recall  the  rbyibmical  contraction  uf 
lh«  heart.  [KQboc  found  a  similar  result.  Tbe  rhythm  is  arrested  by  lactic  acid  and  restored  by 
an  alkaline  M>lutton  of  NaCl.j  Kfa>ihmicnl  m  'Vement>  may  nl&o  be  induced  in  the  sartorius  (frog), 
by  the  combined  action  of  a  dilute  dilution  of  sodic  carbonate  and  an  ascending  constant  electrical 
current.     Compare  at-so  Ihtr  action  of  a  coiwlanl  current  on  the  heart  [\  58). 

3.  Thermal  Stimuli. — If  an  excised  frog's  muscle  be  rapidly  healed  to  aS'C, 
a  gradually  increasing  contraction  occurs,  which,  at  30°  C,  is  more  pronounced, 
reaching  its  maximum  at  45**  C  If  the  temperature  be  raised,  **  heat  stiffening  " 
rapidly  cnsties.  The  smooth  inusclts  of  warm-blooded  animals  also  contract  when 
they  are  warmed,  but  those  of  cold-blooded  animals  are  elongated  by  heat  (  Grun- 
hage/i).  If  a  frog's  muscle  be  cooled  to  o**,  it  is  very  excitable  to  mechanical 
stimuli  {Gmnhagen)  ;  it  is  even  excited  by  a  temperature  under  o"  { Eckhani ). 

CI.  Bernard  observed  that  the  muscles  of  animals,  artificially  cooled,  remained  excitable  many  hours 
after  death  {\  22$ }.     Heat  cau.5cj  the  cxdlabdity  to  disappear  rapidly,  bat  iocreasrs  it  temporarily. 

4.  Mechanical  Stimuli. — Every  kind  of  sudden  mechanical  stimulus,  pro- 
vided it^bc  applied  with  su^cient  rapidity  to  a  mmcle  (and  also  to  a  nerve),  causes 
a  contraction.  If  stimuli  of  sufficient  intensity  be  re|>e.itcd  with  sutficient  rapidity, 
tetanus  is  produced.  Strong  heal  stimulation  causes  a  wheal  like,  long-continued 
contraction  at  the  part  stimulated  (§  397,  3,  a).  Moderate  tension  of  a  muscle 
increases  lis  excitability. 

5.  Electrical  Stimuli  will  be  referred  to  when  treating  of  the  stimulation  of 
nerve  (g  3^47." 

Other  Actions  of  Curara. — When  it  is  injected  into  a  frog,  either  into  the  blood  or  subcuta- 
oeotisly,  it  causes,  at  first  paralysis  of  ibe  intra -mHicular  mdi  e/the  motor  nervrx  {p.  520),  while  the 
muclcs  themselves  remain  ctcita))]e.  The  sensory  nerves,  tbe  central  nervous  system,  viscera,  heart, 
intestine,  and  the  blood  ve^scU  are  not  aflccted  at  first  (CV.  Betnard^  K^tHkrr),  [If  the  skin  be 
stimulated,  the  frog  pulls  up  the  ligatured  leg  rcFlexly,  althoufjh  the  other  leg  remains  quiescent ; 
this  ^hows  that  the  sensory  nerve  and  nerve  centres  are  still  intiicl ;  hut  when  the  oction  of  the 
drug  is  fully  developed,  no  amount  of  umiulatiin  of  the  >kin  or  the  posterior  roots  of  the  nerves 
will  [five  rise  to  a  retIcK  act,  althuu^^b  the  motor  nerve  of  the  ligaliucd  limb  is  known  lo  tic  excitable ; 
hence,  it  is  probable  that  the  nerve  centres  in  the  cord  themselves  arc  ultimately  affected.  If  tbe 
dose  be  very  large,  the  heart  and  blood  vessels  are  affected  ]  In  warm-blooded  animals,  death 
lakes  place  by  asphyxia,  ovnng  to  paralysis  of  the  diaphragm,  but  of  course  there  are  no  spasms. 
In  frogs,  where  the  skin  v*  the  nK<st  tmjiortaiit  rc^ralory  organ,  if  a  suitable  dose  be  injected  sub- 
culoneously.  the  animal  may  remain  mcitiunleu  fur  days  and  yet  recover,  the  poison  being  elimi~ 
noted  by  (he  urine  \KVthHe^.  If  tbe  dose  be  large,  the  inhibitory  fibres  of  the  vagus  may  be 
paralyzed.  In  electrical  fishes,  the  sen»<.iry  ner>-es,  and  in  frogt,  the  lymph  hearts  are  paralyied. 
K  dose  sutTicient  to  kill  a  fi^i;,  when  injected  imder  its  skin,  will  not  do  sit  if  aHmintMcred  l^  the 
mouth,  twcau&e  the  poi>on  seems  to  be  eliminated  as  ra|>ldly  by  the  kidneys  as  it  is  a)«ort)cd  from  ihe 
gastric  mucous  membrane.     For  the  same  reason  the  Besh  of  on  animal  killed  by  curara  is  not  po!> 
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fionou.s  whm  cnten.  K,  however,  ihc  ureters  be  lied,  the  poiiion  collects  in  the  blood,  and  poisoning 
lakes  place  (Z.  Hermann),  [In  ibis  ca.sc  the  mammal  ninir  exbitiit  convulstonu.  Why  ?  Curmn 
paralyzes  the  rcspiralory  nerves,  »o  thai  asphyxia  is  jwoduccd  fiom  the  venouty  of  the  bloo<l.  It 
aHecls  the  rcspiralory  nerve  endings  before  those  in  the  muscles  generally,  so  thot  when  the  veooos-^ 
blood  ittimulatcs  the  nerve  centres,  the  partially  affecicd  mosclcb  rt-spond  by  convuLsJons.  Othet| 
narccitics  may  excite  convulsions  indirectly  by  inducing  a  venous  condition  of  the  blood,  while  the 
motor  centres,  nerves,  ond  muscles  arc  still  untdibcied.]  Large  docs,  however,  poifon  uninjured 
otiimaU  even  when  given  by  the  mouth,  'flic  nerves  and  musclts  of  poisofied  animals  exhibit  coa- 
MdernWe  eleciro-moiive  force.     [For  the  effect  of  curara  on  lymph  formation  see  (ft  199,  6). J 

Atropin  appears  lo  be  a  specific  poLson  for  smooth  muscular  tissue,  but  different  rntuclet  are 
differently  affected  ySzpilmann,  f.u(hsin/;er\.  fThis  is  doulrtfiil.  A  sninH  quantity  of  atrn^n  Mcms 
to  affect  the  motor  ncr^'(■s  of  smcoth  muscle  in  ihe  same  way  that  curara  doe?;  ihow:  of  strj|jeil  muscle; 
we  must  remember,  however,  that  there  are  no  end  plate*  proper  in  the  former,  so  that  the  link  t>etweeii 
the  ner»e  librib  and  the  conlraclile  substance  is  probably  different  in  ihe  two  coses.  It  is  well  kunwn 
that  the  amount  of  striped  and  smooth  muscle  varies  in  the  u.-sophagus  in  ditlWent  animals.  Sipilmatin 
and  l.uchsingcr  found  that,  after  the  action  of  atropin,  stimulation  ofthe  peripheral  end  of  tbe  v^u* j 
will  titill  cause  contraction  of  the  striped  muscuUr  tilvcs  in  the  oesophagus,  but  not  of  the  smoolb  ' 
tibres.  although  both  forms  of  mu'^cular  tis.sur  rrsp<ind  lo  direct  stimulntion.] 

After  section  of  the  motor  nerve  of  n  niUKie.  the  excitnltility  vindcrgoes  remarLable  changes; 
after  thrtT  to  four  days  the  exctlabiltty  uf  the  [Kimlyjicd  muMite  is  diminif^hed,  both  for  direct  ood 
indirect  stimuli  (p.  522) ;  this  condition  is  followed  by  a  stojje,  dunng  which  a  constaiu  current  va  more  \ 
active  tluLii  noniud,  while  inducet]  currents  sue  scarcely  or  not  at  all  effective  (^  339i  I )-  Tlic  excils* 
Ulity  to  mechanical  stimuli  is  also  increased.  The  increased  excilnbiUiy  occurs  until  nboui  the  seventh 
week;  it  ^adually  diminudies  until  it  is  abolished  louanl  the  sixth  to  the  seventh  month.  J'alty 
degeneration  he^ns  in  ihe  .second  week  affer  section  of  the  motor  nerve,  and  goes  on  until  there  b 
complete  muscular  atrophy.  Immediaiely  after  section  of  the  sciatic  nerve,  Schniulewiisch  found  that 
the  excitability  of  ihe  muscles  suj>j)lied  hy  it  w.is  incresised. 

297.  CHANGES  IN  A  MUSCLE  DURING  CONTRACTION.— 
I.  Macroscopic  Phenomena. —  i.  When  a  muscle  contracts,  it  becomes  shorter 
anH  at  the  same  time  corrLi^pondingly  thicker. 

The  degree  of  contraction,  which  in  very  excitable  frogs  moy  be  65  to  85  per  cent.  (72  pcr>] 
cent,  mean]  of  the  total  len^h  of  the  muscle,  depends  upon  various  conditions :   (a)  Up  to  a  cefloift 
point,  incrca.sing  the  strength  of  the  stimulus  causes  a  greater  degree  of  contraction ;   |A)  as  the 
muscular  fatigue  increases,  /.  /.,  after  continued  Wgorous  exertion,  the  stimuhLs  remaining  the 
some,  the  extent  of  coutraciion  is  diminished;   (r)  the  tempersTure  of  tbe  surroundings  has  a  certaia. 
effect.     The  extent  of  the  amlroctJon  is  increased  in  a  frt^'s  muscle — the  strength  of  stimulus  and  [ 
degree  of  fatigue  remaining  the  same — when  it  is  heated  la  ;^^°  C     If  the  temperature  be  increased'] 
above  this  point,  llic  degree  of  contraction  is  diminished  {Sehmulnvthch). 

H.  2.  The  volume  of  a  toiitractcd  intisclc  is  slightly  diminished  (Swammrn/am, 
J  1680).  Ht-nce.  the  specific  gravity  of  a  coniracied  muscle  is  slightly  increased, 
the  ratio  lo  the  non-conii^cted  muscle  being  1062  :  1061  ( Ki/rn/r'/i) ;  the  diminti- 
tion  in  volume  is,  however^  only  yi^.  although  this  has  recently  been  denied  by 
J.  Kwald. 

Methods. — (a)  Erman  placed  poctions  of  the  body  of  a  live  e^  in  a  glass  vessel  filled  with  on 
intliffercnt  fluid.  A  narrow  tube  communicated  with  the  gloss  vessel,  and  the  fluid  rose  in  the  lube 
to  a  coloin  level.  As  soon  as  the  muscles  of  the  eel  were  caused  to  contract,  the  Huid  in  the  index 
tube  sank.  ( i)  Landoi»  demonstrates  the  decren'^  in  volume  by  meons  of  a  manomeiric  flame.  Tht 
cylindrical  vessel  containing  the  muscle  is  provided  with  two  electrodes  fined  into  it  in  an  air-tight 
manner.  Tbe  interior  of  the  vessel  communicates  with  the  gas  supply,  while  there  is  a  iunall,  narrow 
exit  tube  for  the  gas,  which  is  lighted.  Every  time  the  muscle  contracts,  the  llomc  diininiilics.  The 
some  experiment  may  be  performed  with  a  contracting  heart. 

l(  3*  Total  and  Partial  Contraction. — Nonnally,  all  stimuli  applied  to  a 
ratiscle  or  its  motor  ncn-e  catise  contraction  in  all  its  muscular  fibres.  Thiis,  the 
muscle  conducts  the  stale  of  excitement  lo  all  its  parts.  Under  certain  circumstances, 
however,  this  is  not  the  case,  viz.  :  [a)  When  the  muscle  is  greatly  fatigued,  or  when 
it  is  about  to  die,  violetU  mechanical  slimtili,  as  a  vigorotts  tap  with  the  finger  or  a 
perciLssion  hammer  {and  also  chemical  or  eleciriial  ■itimnli),  1  aiisc-  a  li^^alized  con* 
^  traction  of  the  miLsnilar  fibres.  /This  is  Sflpff's  *'  idio-muscular  contraction." 
The  same  phenomenon  is  exhibited  by  the  nitisrlesof  a  healthy  man.  when  the  blunt 
edge  of  an  instniment  is  drawn  transversely  over  the  direction  of  the  muscular  fibres. 
{^)  Under  certain   as   yel   but  imperfectly  known    conditions,  a  nniscle  exhibits 
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__  lied  fibrillar  contractions,  /.a,  short  contractions  occtir  altera&tely  in 
diffcrenl  bundles  of  muscular  fibres.  This  is  the  case  in  the  nuisclcs  of  the  tongue, 
after  section  of  the  hypoglossal  ncnc;  and  in  the  nniwrles  of  the  face,  after  section 
of  the  facial  nerve. 

[In  tome  phthUical  palicDii  tlierc  b  marked  muscular  exctlabilily.io  that  if  the  pectoral  muicle  be 
pcrcusicd,  B  local  contraction — idiamusciilar-^occun,  either  conHned  to  ibe  spot,  or  two  waves  may 
|vocccd  outward  and  return  to  the  spot  struck.] 

Cause  of  Fibrillar  Contraction. — According  to  Illfuler  and  Lrhntann.  section  of  tbe  hypo- 
gloual  nerve  in  rabUts  i^  fullowcil  liy  fibrillar  coniraclions  after  uity  to  ei{>hty  hours;  these  contrac- 
tkMU  may  continue  for  monttLt,  even  when  the  divided  nerve  ha-t  healed  and  is  stimulated  above  the 
cicatrix  so  as  to  produce  movcmenls  in  the  correspond rnf;  half  of  the  tongue.  Stimulation  of  (he 
fiogiuil  nerve  incrca<i»  the  librillar  contracltonb  or  arrests  them.  This  nerve  cnntains  viuo-dilolor 
fibres  derived  from  the  choriU  tymjuni.  Schiff  is  of  opinion  that  the  increoiied  blood  $iream  through 
theoTEon  is  the  cause  of  the  coiitrnciions.  Sig.  Muyer  found  thiu,  b)-  crnnprcssinf;  the  ciuutids  aiul 
subclavian,  and  again  removing  the  pmsurc  !so  a<t  to  petmit  free  circulation,  the  rouules  of  the  face 
contracted.  Section  of  the  motor  nerve»  of  the  face  did  not  abolish  the  phenomenon,  but  compresKion 
of  the  artenc»  did.  The  cnu>>e  of  the  phenomenon,  therefore,  ileitis  to  lie  within  the  nmscleii  them- 
5elve9.  Thii  phenomenon  may  be  compared  to  \\iv  paralytic  secrflion  of  saliva  and  poncreaiic  juice 
which  follows  section  of  the  nerves  (foini^  to  these  glands  (pp.  258,  J03).  Similar  tibrillar  contractions 
occur  in  man  under  patholnf^icul  cnndiiion*-,  but  they  may  also  occur  withmit  any  si^<v  of  pathnln^i:al 
disturbance.  [Mlirilbr  contractions,  due  to  a  central  cause,  occur  In  monkeys  alter  excision  of  the 
thyroid  gland  (}  103, 1  III.  Some  drugs  cauw  librillar  contractions, /.j^.,aconitin,guanidtn,nicotin, 
pitocarpin.  Imt  phyHx^ti|;min  produce)  them  in  warm  blooded  animahfnot  in  frogs).  According  lo 
Hrunton  tbr*e  drugs  prubat>ly  act  by  irritating  ibc  motor  nerve  ending*,  as  Ibe  contractions  arc 
gradually  abolished  liy  curara.] 

II.  Microscopic  Phenomena. — i.  Sintrle  muscular  fihnthr  exhibit  the  sameV 
phenomena  a.s  an  entire  must  Ic,  in  that  they  contract  and  bcujine  thicker.  2.  There  -^ 
is  great  difficulty  in  oliserving  the  chan^M  that  occur  in  the  individual  parts  of  a 
muscular  fibre  during  the  act  of  contraction.  This  mtich  is  certain,  that  (he  muscular 
elements  become  shorter  and  broailer  during  contraction,  and  that  the  transverse 
striae  a[)proach  nearer  to  trach  other  {Bmvman^  1S40).  3.  There  is  great  difTerence 
of  opinion  as  to  the  behavior  of  the  doubly  refractive  (anisotropotxs)  and  the  singly 
refractive  media. 

?"f  t'm"l^'*  ^^C*^ — P^  319.  t,  on  the  left  represents  a  passive  muscular  clement — from  t  to 
d  is  I  he  doubly  refractive  contractile  sutviancc,  with  the  mcdioa  disk,  a,  b,  in  It;  h  and/  are  the 
lateral  disks,      B<rsidcs  these,  in  ench  of 

the  sinfi^ly  refractive  di^ks  there  is  a  tUar  Vwi.  319. 

disk — "stccrKitlary  di!vk"yand  <',  which 
is  only  slightly  doubly  refractive.  Thfa 
occurs  only  in  the  mu«clc»  of  insects. 
Fig.  1,  on  the  ri^^kl,  shows  the  some  ete 
ment  in  polarized  li({ht,  whereby  the  mid- 
dle orea  of  the  element,  as  far  as  the 
contractile  sul*stance  proi>cr  extends,  i*. 
owing  to  its  double  refraction,  liri^hl ; 
while  the  other  part  of  the  muscular  ele- 
ment,owing  to  ii»  being  singly  refractive, 
U  block.  Hg,  319,  2,  \\  the  transition 
Aagc,  and  3  the  proper  stage  of  contrac- 
tion of  the  muscular  clement.  In  Imth 
case*,  tlje  figure*  on  the  hft  are  viewed 
in  ordinary  light,  and  on  the  ri^ht^  in 
polflrixed  light.  Ihiring  contraction  ( Kig. 
319, 3),  the  singly  refisctivcdisk  ttccomcs 
as  a  whole  more  refractive,  the  doabty 
refractive  lew  lo.  Consequently,  a  fibre 
at  a  certain  degree  of  cnntractton  1 3), 
when  viewed  in  ^rdinaty  light,  may 
BpfKor    homogeneous    and    imt    '^lightly 

Hnped  tranivertely  =  ihf  Mfmo^rntfut  or  frumsi/ion  itajrf-  during  n  greater  degree  of  coniraction 
(P,  »ery  dark  iranwcTM:  ^.tripcj  rrajijwar,  corTC».|»)iniiiig  lo  the  singly  refrictive  disks.  At  every  stage 
of  Ibe  contraction,  as  well  a^  in  the  trnn^itmn  !>tage,  the  Mitgly  and  doubly  refractive  dUks  ore  sharply 
dc^nod,  and  arc  recognited  by  ttK  polartsccfic  as  regular  idtsnating  Ujrcrs  (in  I,  2,  and  3  on  the 


/ 


d 


%FV^ 


d 


Tlic  microKOpic  ap(>c4niiM:<»  diiHng  »  miuctilar  coamciion  Id  the 
indlvldoafvicmenti  of  lb«  tfbrlllK,  i.  >,  j  (af^  Smgr/ma-n) ; 
4.  5  (aftar  MerM), 
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right).  *niese  do  not  change  places  daring  the  contraction.  The  h<^bt  of  both  dblcs  is  diminbbed 
during  conlnclion,  but  the  vingly  refraclive  Ho  so  more  ra{iidly  than  the  douhty  refraciive  disLs.  Ute 
total  volnme  of  each  element  does  n  >t  undergo  any  apiirrciablr  nltctntinn  in  volume  doring  the 
contraciion.  Hence,  the  douhly  refractive  ^\hk*.  increa.se  in  voltune  at  the  expense  of  the  Mogtjr 
rerraciive.  From  this  it  is  crnttudcd  that,  during  the  cuntraciion,  lluid  pa5Hs  frofn  the  sjngljr 
refractive  into  ihe  douMy  rciinctivc  disks;  the  former  ahritik,  the  latter  swell. 

Merkel's  view  is  [>artially  dtfTcrent.  In  Hg.  319,  4,  are  two  muscular  elements  at  rest ;  in  (5), 
two  in  a  slate  of  coniraction,  after  Merkcl.  The  gray  punctuated  areas  are  the  douhly  refractive 
substance,  r.  ihc  meilian  disik.  According  to  Merkcl,  during  contraction  the  dari  substance  lying 
in  the  middle  of  the  element  changes  ils  [position — either  in  |>art  or  as  a  whole;  it  leaves  Ihe  middle 
of  the  clement  (the  two  j^urfoces  of  llensen's  median  disks,  4.  r).  and  places  itself  at  the  lateral 
disk",  3  at  /  and  •■/,  while  the  clear  sulstonce  leaves  the  Utcriil  dhV,  4,  r  and  </,  and  applies  ittelf  to 
both  surfaces  of  ihc  median  disk,  5,^.  The  clear  sul-stinceof  iheisotropiJUiidUks  is  fluid,  and  plays  a. 
more  passive  rdle;  duiing  contraction  it  is  in  part  ahsorbcd  by  the  dark,  substance  which  thus  swells 
up.  Thi.s  mutual  exchange  of  place  of  the  sulntancea  is  accompnnitd  by  an  intermediate  "  tta^c 
of  >/issoluiion"  in  which  the  whole  contents  of  the  element  appear  equally  hom<:^eiieous,  in  which, 
therefore,  the  fluid  singly  refrnctivc  substance  has  uniformly  penetrated  the  doubly  refractive  sub- 
stance.    At  thi^  moment  only  the  lateral  disks  are  still  visible. 

[If  a  living  fjorlion  of  an  in.scct's  muscle  be  examined  in  its  own  juice,  contraction  waves  may  Iw 
seen  lo  pass  over  the  fibres.  When  a  contraction  wave  pas'c*  over  part  of  the  fibres,  the  disks  become 
tkorler  and  brooder  ;  at  the  same  time,  in  tlie  fully  conlracicil  part,  tlie  dim  disk  apficars  ligliter  than 
the  centre  of  the  light  disk.  There  is  said  to  be  a  "  reverval  of  the  stripes  "  from  what  obtains  in 
a  passive  muscle.  Before  this  stage  is  reached,  there  is  an  iniermediate  stage  where  the  two  b«ndi 
are  almost  uniform  in  appearance.] 

Methods. — These  phenomena  are  best  observed  by  "  fixing"  the  different  stages  of  rest  or  coa- 
Iraciiot),  1^  ^uddt-nly  pluii^iii^  the  muscular  fibrilhe  of  insect's  muscles  into  alcohol  or  osmic  acid, 
which  coai;ulaies  the  muscle  substance.  The  actual  contraction  may  be  observed  imder  the  miczo< 
sco|je  in  iht:  trnnsparciil  \yxc\s  of  the  larvic  of  itisccts. 

Specinipi.— .-\  thin  muscle,  f^.^  the  sartorius  of  the  frog,  when  placed  directly  behind  a  narrow 
slit  running  at  right  angles  to  the  c  urse  of  the  fibres,  yields  a  diffraction  spectrum.  When  tlie 
muscle  contracts,  as  by  mechanical  iitimulalion.  the  spectrum  broadens,  a  proof  that  the  interspaces 
of  the  iraiisverse  stripes  become  oanower  [A'ativifr). 

;      ,298.  MUSCULAR  CONTRACTION.^Mcthods.— In  order  to  dcter- 
^^ mine  the  duration  of  each  phase  of  a  muscular  contraction,  myographs  of  vari- 
ous forms  are  used. 
Fic.  320. 

V.  HelmhoItz'B  Myograph  is  shown  in 
Kig.  320.  A  mmcle,  M — say  the  gastrocne- 
mius of  a  frog  attached  to  the  femur — is  hsed 
by  the  femur  in  a  clamp,  K ;  its  lower  end  is 
attached  to  a  movable  lever  carrying  n  scale 
pan  and  weight.  W.  the  weight  being  varied  at 
pleasure.  When  the  muscle  conimcts.  neces- 
sarily it  rii.ses  the  lever.  At  the  free  end  of 
the  lever  is  a  movable  style,  F,  which  inscribes 
its  movtrmcnls  on  a  revolving  cylinder  caused 
to  rotate  at  a  uniform  rote  by  means  of  cinck' 
work.  The  cylinder  is  covered  with  smoked 
enameled  [taper  in  the  Hsmc  of  a  luriMrntioe 
lamp.  When  the  muscle  contracts,  it  inecrities 
a  curve — the  "  muscle  curve,"  or  '•  myo- 
gram." The  abscissa  of  the  curve  indicates 
the  duration  of  the  contraction,  but  of  course 
the  rate  at  which  the  cylinder  is  moving  must 
be  known,  The  ordinates  represent  the 
height  of  contraciioQ  at  any  particular  part  €4 
the  curve. 


M 


.^ 


^X.'rk"?"iS«*;^'p;."^^^^^^^^  Thrm«M:Iect:rvemavbe  inscribed  upon  a 

for  ibc  lever ;  W.  mlhIc  juin  lot  wcichu;  S.S.iupporu  for  «mokcl  gla<*  plate  attached  to  one  limb  of  a 


the  lever. 


vilirnlinE  tuning  fork.     Such  a  curve  registers 
the  time  uniu  in  all  its  parts.     Supf  ose  each 
Tibraiion  of  the  tuning  fork  =^001613  second,  then  the  dunuiun  of  any  part  of  such  a  curve  is 
obtained  by  C(juntin[j  the  nutnlnrr  of  vibrations  and  multiplying  by  0,01613  second. 

[Pick's  Pendulum  Myograph. — A  board  fixed  to  the  waII  carries  a  heavy  iron  pendulum.  P, 
whose  axis.  A,  A.  moves  00  friction  rollers  (Hg.  321}.     At  the  lower  swinging  end  are  two  glasa 
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G  and  G',  fixed  lo  a  bearer,  T.  The  plaies  con  be  adjusted  by  means  of  the  Krew,  j,  so  that 
ll  curves  can  be  writlen  one  above  the  other.  The  plale,  li',  on  ihe  poMerior  surface  is  merely 
DematoT,  so  that,  when  G  is  elevated,  O'  is  lowered,  and  t))\is  the  dunuion  of  the  oscillation  is 
ered.  The  spring  catches,  II,  II,  which  can  be  turned  inward  or  outward,  are  used  to  fix 
idnlam  by  the  leeth,  a,  n,  M'hrn  it  is  drawn  to  one  side.  The  pendulum  t-i  drawn  to  one  side 
Lcd.  17,  in  H,  so  that  when  M  is  pulled  down,  i:  is  Iibcrj|c<l  and  swings  to  itie  other  :iide,  where 
oghi  by  H  at  the  oppoftitc  side.  In  the  improved  form,  the  catches,  II,  are  made  to  slide  along 
like  the  arc  of  a  circle,  so  that  the  length  of  the  swing  can  be  varied.  As  ihc  pendulum 
from  one  side  lo  the  other,  the  projecting  points^  d,  a,  knock  over  the  contact  key,  f>^  and 


Vlck's  p*iMlu)um  myugraph,  as  improved  by  v.  Helmholtt  {^  tunml  t\n),  sMe  and  front  view. 

Tent  is  opened  and  a  shock  Iratisroiltcd  to  the  muscle.  The  wrriting  lever  to  which  the 
is  attached  is  iLiUally  a  heavy  one.  and  a  style  writes  upon  thr  smoked  surface  of  ibc  glass. 
irar,  when  the  pendulum  swings,  it  moves  with  unequal  velocities  at  dilTcrenl  parti  of  Its 

ten  using  the  pendulum  myofrrnph  to  study  a  muscular  contraciion,  arrange  it  as  in  Fig.  323, 
)g'5  niu>cle  is  attached  to  a  writing  lever,  which  is  very  like  the  lever  in  Fig.  321,  whde  the 
itcribes  its  movements  on  the  lilackened  plate.] 
epcodulum  is  fixed  in  the  catch.  C,  as  ahown  in  the  figure;  the  key,  K',  is  closed' and  placed 
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in  the  primary  circuit,  while  two  wires  from  tlie  secondary  coil  of  an  induction  machine  are  attached 
to  the  muscle.  When  the  pendulum  swings,  the  projecting  tooth,  S,  knocks  over  ihe  contact  at  K'', 
and  breaks  the  primary  circuit,  when  a  shock  is  instantly  iransmiited  through  the  miucle.  BHbrc 
stimulating,  allow  the  pendulum  to  swing  to  obtain  an  alwcissa.  The  time  is  recorded  by  a  vitiratiog 
tuning  fork,  of  known  rale  of  vibration»  connc«ed  with  a  Ttupni's  electric  chronograph.  Duprt's 
chranogra[^i  ix  merely  a  small  elect ro-mag net  with  a  liae  writing  style  attached,  which  vibrates  wben 
it  is  introduced  in  an  electrical  circuit,  in  which  is  placed  a  vibr^ing  tuning  fork.  The  signal  vibntes 
just  an  oflen  as  the  tuning  fork.] 

fDu  Bois*  Spring  Myograph. — It  consists  of  a  glass  ptatc  fixed  in  a  frame,  and  moving  on  two 
ishcd  steel  wires,  stretched  between  the  supparts  A  and  It  (Kig,  333).  At  ^  is  a  spring  which, 
when  it  is  compressed  between  the  upright,  U,  and  the  knob,  fi,  drives  the  glass  plate  from  H  in  A. 
As  the  plate  moves  from  one  side  to  the  otlter,  a  tmall  timth,  </,  on  its  under  surface,  opens  the  key, 
A,  and  thus  a  !>hock  is  transmitted  to  Ihc  muKJe.  The  arrangement  otheru  ise  is  the  same  as  for  the 
pendulum  myograph.  The  smoked  glLss  plate  is  liberated  by  the  projecting  finger  plate  attached  to 
the  upright.  A.] 

[Marey's  Simple  Myograph. — The  gastrocnemius  is  attached  to  a  horizontal  lever,  which 
itiscribes  its  movements  on  a  revolving  cylinder.  This  form  of  myograph,  when  provided  with  two 
levers,  is  ver)-  useful  for  camparmi;  the  action  of  a  poison  on  one  limb,  the  other  being  unpoisoncd.] 
[PflUger's  stationary  form  i.s  simply  a  H<:lmholt/'a  myograph  (Fig.  330}  arranged  to  record 
its  movements  on  a  staLionar)'  glass  plate,  so  that  the  muscle  merely  nukes  a  vertical  line  or 
ordinate  instead  of  a  curve;  it  thas  merely  indicates  the  height  or  eatent  of  the  contraction,  not 
its  duration.] 

A  rapidly  rotating  disk   wI^s   used   by  Valentin   and    Rosenthal    for  registering   the   muscle 

curve,  whilf  Hnrless  used  a  plate  which  was  allowed 
Fiti.  323.  to    Call    rapidly,    the    so  calt<xl    "  Fallmyo^aph." 

In  alt  these  experiments  it   is  necc$sar>-  to  indicate 
at  the-  same  time  the  momcni  of  stimulniiou. 

Contraction  Curve  of  Human  Mus- 
cle.—In  man,  another  principle  is  3do])tcd, 
viz.,  to  measure  the  increase  in  thickness 
during  the  contraction,  either  by  means  of 
a  lever   or   a  compressible    tambotir,    such 
as  is  used   in    Brondgeest's    pansphygmo* 
graph   (Fig.  36).     [The  thickening  of   the 
\       adductor  rauscles  of  the  thumb  may  be  reg- 
\\      istered  by  means  of  Marey's  pince  myo* 
\  .   graphique.] 

I.  Simple  Contraction. — If  a  singU 
shock  or  stimulus  of  momentary  duration  be 
applied  to  a  muscle,  a  "simple  muscular 
contraction"  [or  shortly,  a  contraction  or 
twitch]  is  the  result,  /'.a,  the  muscle  rap- 
idly shortens  and  quickly  returns  again  to 
its  original  rcliixed  condition. 

Myogram  or  Muscle   Curve. — Sup- 


K 


Scheme  of  the   Kirangemcnt  of  the  penduluri  myO' 


graph.     II.   bftlt«ry:     I,  primary,  II,  tccundarv  _,.^ 

apimi  oi  ih«  inducikjij  ra«hii>e;  s.  looih;  k'.  posc  a  Single  slimulus  be  applied  to  a  muscle 

key  ;  L,  C.  catches :  K',  id  ve^  comer,  scheme  of'.^.,''  ...  .^*        ,  .-■ 

HJ.  K,  key  in  primary  circuit,  attaChCd     tO     a     light     WFltlMg     ICVCr,     Whlch 

is   not    "overweighted"  with   any  weight 
attached  to  it,  then,  when  the  muscle  contracts,  the  following  events  take  place: — 
[(i)  A  period  or  .stage  of  latent  stimulation  (^Figs.  324,  325). 
1    (2}  A  period  of  increasing  energy  or  contraction. 
I    (3)  A  period  of  decreasing  energy  or  more  rapid  relaxation. 
'    (4)  A  period  of  slow  relaxation,  or  the  elastic  after  vibration,] 
The  muscle  curve  proi>cr  is  composed  of  2,  3,  and  4. 

I.  Tlifi.  latent  period  (Fig.  324,  a,  0)  consists  in  this,  that  the  muscle  does 
not  begin  to  contract  precisely  at  the  moment  the  stimulus  is  applied  to  it,  but  the 
contraction  occurs  somewhat  /ater^  i.  e.^  a  short,  but  measurable  interx-al,  elaptes 
between  the  application  of  a  momentary  stimulus  and  the  contraction  (y.  Heim- 
fwltz).    If  the  entire  muscle  be  stimulated  by  a  momentary  slimulus,  r.f,,  a  single 
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break  induction  shock,  the  duration  of  the  latent  period  is  about  o.ox  second. 
Jn  smooth  muscle,  the  latent  period  may  last  for  several  seconds. 

[Although  no  change  be  visible  in  a  muscle  during  the  latent  period,  neverthe- 
less we  have  proof  that  some  change  docs  take  place  within  the  muscle  subslance, 


Fia  323. 


g  (uyograpli  or  "  shoour." 

Fior  we  know  that  the  electrical  current  of  the  muscle  is  diminished  during  this 
I:*eriod,  or  we  have  what  is  known  as  the  negative  vsriatiqn  of  the  muscle  cur- 
»"rnt  (^BfrnsUirt'—l  333)-] 

In  man,  the  latent  period  varies  bclween  0^004  uid  o.qi  second.  If  the  experiment  be  so 
mmngcd  thai  the  mni^le  can  contract  u  soon  as  the  stimulus  is  applied  to  it,  1. «.,  before  lime  is  lost 
in  making  the  muscle  tense ;  or  to  put 

»»    olhcrwise,  if  the  muscle  has  not  "to  Fig,  TflA, 

t^ke   io  slack,"  as  it  were,  the  latent 

pkcriod    majr    fall    below  0.004    second 

(  Gad).     If  the  muscle  be  still  atUched 

to  ihc  body,  protected  as  much  as  po* 

sible  from  external  influences  and  ptoi)- 

trly   supplied   with   blood,  the   luem 

period  may  be  reduced  to  0.0033  ^^ 

even  0.0025. 

Modifying  InfluenccB. — The  latent 

period    i<i   shortened   by   an   increased 

strength  of  the  stiuiului.  and  by  heat; 
-while  faligne,  cooling,  and  increasing 
freight  lengthen  it  [Lauterbach,  Mtn- 
^issehn,  Kv,  Cask).  The  latent  period  of  a  break  contraction  is  longer  than  that  of  a  make 
contractioa.  The  red  muKles  have  3  longer  latent  period  than  Ihc  white.  Hefore  the  mnscle 
contracti  ai  a  whole,  the  individual  fibres  within  ii  must  have  Contracted.  We  must,  therefore,  con- 
clude that  the  latency  of  the  individual  mu.sculnr  elements  is  shorter  than  that  of  the  entire  muscle 
{^Gad,  TigersteJf). 

»2.  The  contraction  or  stage  of  increasing  energy,  /*.  r.,  from  the 
moment  the  muscle  begins  to  shorten  until  it  reaches  its  greatest  degree  of  con- 
traction {d  if).  At  first  the  muscle  contracts  slowly,  then  more  rapidly,  and  aga*il 
more  slowly,  so  that  the  ascending  Umb  of  the  curve  has  somewhat  the  form  oi 
an  /.  The  stage  lasts  0.03  to  0.4  second.  It  is  shorter  when  the  contraction 
34 


Muiclc  1^11  rve  ]irm)ucei!  by  u  iin>;lp  itiiliicli'JCi  *tinLk  Jjnilinl  (o  ,i  irlu»- 
cic  a~y, 'Ahu-'mA  \  ii-c,  onlirMlc  1  i*  ^,  pcriutl  of  lulcitt  itiniuUtion  ; 
i  J,  period  of  increasing  energy ;  4t,  period  ofdccrcuiitg  coergy  : 
*/,  ciaitlc  after  vibration*. 
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is  shorter  (weak  stimulus),  and  the  less  the  weight  the  muscle  has  to  lift.  It 
also  varies  with  the  excitability  of  the  muscle,  being  shorter  in  a  fresh,  non- 
fatigued  muscle. 

3.  Elongation  or  stage  of  decreasing  energy. — After  the  muscle  has 
contracted  up  to  its  maximum  for  any  particular  stimulus,  it  begins  to  relax — at 
first  slowly,  then  rapidly — and  lastly  more  slowly,  so  that  an  inverse  of  an  f  is 
obtained  [d  e).  This  stage  is  usually  of  shorter  duration  than  2.  The  duration 
varies  with  the  strength  of  the  stimulus,  being  shorter  than  2  with  a  weak  stimulus, 
and  longer  with  a  strong  stimulus.  It  also  depends  upon  the  extent  to  which  the 
muscle  is  loaded  during  contraction. 

4.  The  fnnrth  stage  hxs  received  various  names — stage  of  elastic  after 
vibration  [residual  contraction  or  contraction  remainder  {/f^rmann). 
The  after  vior.ations  (/■/),  which  disappear  gradually,  depend  upon  the  elasticity 
of  the  muscle.  The  duration  of  this  stage  is  longest  with  a  powerful  contraction, 
and  when  the  weight  attached  to  the  muscle  is  small]. 

If  the  stimulus  be  applied  to  the  motor  nerve  instead  of  to  the  muscle  itself, 
the  contraction  is  greater  {Pflii<ger),  and  lasts  longer  (  Wundf)  the  nearer  to  the 
spinal  cord  the  stimulus  is  applied  to  the  nerve. 

[In  studying  a  muscle  curve,  the  more  or  less  vertical  character  of  the  ascent 


Fig.  345. 
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Pendulum  myogntuh  curve  of  a  lro|'*  gatlrocncmiiu,  S,  point  of  (timuUtton  ;  A,  Uleat  period  :  Bjpcriod  ol 
■horlenins.  anu  C,  of  nUsaiion.  a^  DV.,  Inning  fork  vibraliag  350  double  vibndoni  per  mc.  Tm  dotted 
vcnlcal  llooa  are  ordinatot  {Stirling, 


will  indicate  the  rapidity  of  the  contraction,  the  height  above  the  base  line  its 
extent,  the  length  of  the  curve  the  duration,  and  the  line  of  descent  the  rate  of 
its  extensibility.  The  form  of  the  muscle  curve  will  vary  with  the  kind  of  myo- 
graph used  ;  if  it  be  stationary,  then  the  muscle  will  merely  record  a  vertical 
line  ;  if  the  recording  surface  move  quickly,  the  two  parts  of  the  curve  will  form 
an  acute  angle  (Fig.  527) ;  and  if  it  move  with  great  rapidity,  they  will  have 
the  form  of  Fig.  325,  that  obtained  with  a  pendulum  myograph.  A  vibrating 
tuning  fork  records  lime  directly  under  the  tracing,  whereby  the  duration  of  each 
part  of  the  curve  is  readily  determined.] 

[In  measuring;  the  myogram,  nil  that  is  required  is  to  know  the  moment  at  wlucb  tlie  slioDQlos 
was  a[Tp1ie<),  nncl  to  note  whi>ti  the  curve  l>egiru  to  leave  the  base  Iiae  or  abscissa.  Raibc  a  vertical 
line  or  ordhutte  from  each  of  ihc«o  points,  mid  the  interval  between  these  lines,  as  measured  by  the 
chrotic^raph,  indicates  ihc  lime  (i'ig.  325)'] 

[The  time  relations  of  a  simple  muscular  contraction  caused  by  a  single 
induction  shock  may  be  studied  by  means  of  the  following  arrangement : 
Attach  a  frog's  gastrocnemius  to  a  lever,  as  in  Fig.  326,  and  through  the  frog's 
muscle  place  two  wires  from  the  secondary  coil  of  an  induction  machine.  A 
scale  pan  with  a  weight  is  attached  to  the  lever.  On  the  same  support  adjust  an 
electro-magnet  with  a  writing  style  in  the  primary  circuit,  and  in  this  circuit 
also  place  a  key  (K)  to  make  and  break  the  current.  Fix  also  a  Dupr^'s  chrono* 
graph  to  the  same  support,  and  make  it  vibrate  by  connecting  it  in  circuit  with 


a  tuning  fork  of  known  rate  of  vibration,  and  driven  by  a  galvanic  battery.  See 
that  the  points  of  all  three  levers  write  exactly  over  each  other  on  the  revolving 
cylinder.  The  upper  lever  registers  the  contraction,  the  elcctro-roagnet  the  moment 
the  stimulus  is  applied  to  the  muscle,  and  the  electrical  chronograph  the  time.] 
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Frog'a  miucls  MtmuLju 

■nd  Bukc  khock  [Mt.    1 ■_■,■-!  -u-.l  _1j,s-_  i..-  ^-..i.r. 

but  with  the  niu»£k  C*iigueti. 

[Single  make  (closing)  or  break  (open- 
ing) induction  shocks.  A  muscle  or 
nerve  may  be  stimulated  either  with  a 
"make"  or  '*  break"  induction  shock,  but 
it  is  important  to  notice  that  the  break  shock 
is  stronger  than  the  make.  In  Fig.  327,  B 
shows  the  effect  produced  by  a  single  break 
induction  shock,  and  M  that  of  a  single 
make  shock.] 

Ovcrwei|;bled  Muicles. — The  foreraing  remarks  ipply  to  curves  obtained  by  a  /li'if  lever  con- 
necictl  with  the  muscle.  If  ibe  mioclc  lever  t»e  "  ovfrarri^Atfif "  or  overloaded,  r  r.,  if  the  lever 
be  loaded  so  ihnt  when  the  muscle  cnntniCts  it  has  to  lift  tbcfte  weights,  the  coune  of  the  curve 
wiei  accoiding  to  the  wcifiht  to  be  lifted.  It  is  nece«ary,  however,  to  support  the  lever  in  the 
interviU  when  the  muscle  bi  at  rest.  As  the  weights  are  increased,  ibe  occurrence  of  the  contraction 
b  delayed.  Tliis  is  due  to  the  fact  that  the  mttule,  at  the  moment  of  stimulation,  mxM  accumulate 
u  much  CDtTgy  a*  is  nece5sary  lo  lift  the  weight.  The  greater  the  weight,  the  longer  is  the  time 
before  it  is  raised.  lA^tly,  the  muscle  may  he  to  "  loaded,"  or  "  overloaded,"  thai  it  cannot  contract 
■t  all ;  this  is  the  limit  of  the  mtuculac  or  mechanical  energy  of  the  muscle  (f.  lielmholti). 

Kio.  3^8. 


I         •      a 

Artsn(«nicni  for  c>lima(iri||  the  lime  rc^iioM 
during  contrartion  M  i  mUMle  prodtKcd 
by«  bnJic  ihock.  B,  tatiery  ;  K.key 
in  primarv  drculi ;  I  prlni«ry,  II,  »ccond- 
afy  tpira] ;  /,  tniucic  kvcr ;  *■,  clcciro- 
Bu^Det  la  primary  rirctiii :  /,  «kctnc  tlg- 
»«i;  S/,  tupport:  K(J,  revolt  lag  cylinder 
(a(t«ff  Rmtkrr/vrd). 


\AAA\  A'^AAy\Ay^, 


^(lerv£Sio«»  of  aykr4fi*ri^ft«c's  nuKk  wrtUtig  iu  omtncilon  on  «  vibrating  ptutt  atacbm)  to  a  tuning  Ibrk. 
^kcf»  vibration  —  o<»i<ti3  Mcond  ;  «  4.  •-  ulcni  period  :#  f.  •!»<«  of  lncT«a«ing  energy:  <'</.  of  decreasing 
^Sr^X-  '  '•  ''^  none  rapid  writinf  nurmuMa  el  iha  right  hand  hMcrfbcd  on  a  Tibraili^  pUlc.  Ill,  Th« 
^Q^f  ysBpicS  trcmUiQic  tetanic  movaaMna  of  tb«  right  fbnarni  lascribcd  on  the  same  pUto. 

Ij^^tiS'*-^^' — If  a  muscle  be  caused  lo  contract  so  frequently  that  it  becomes 
^^f(p^^^-y»  **  ''i«  latent  period  is  longer,  the  curve  is  not  so  high,  because  the 
^C|Jy^j^-    ^r*>ritraction  is  less,  and  the  abscissa  is  longer,  i. /.,  the  contraction  is 


L 
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Eticci  on  : 


muscle  ul  ciotinK  ait'J  opcnitiK  a  con>tKnt  cuircat.     S,  cloimg  ; 


slower  and  lasts  longer  (Fig,  328).  Cooling  a  muscle  has  the  same  effect.  Solt- 
mann  finds  that  the  fresh  muscles  of  rtfiv-bom  animals  behave  in  a  similar  manner. 
The  myogram  has  a  flat  apex  and  considerable  elongation  in  the  descending  limb 
of  the  curve. 

Constant  Current. — If  the  motor  nerve  of  a  muscle  be  stimulated  by  a  make 
or  break  shock  of  a  constant  current^  the  resulting  muscular  contraction  corres- 
ponds exactly  to  that  already  described.     If,  however,  the  current  be  made  or 
broken  with  the  muscle  itself  directly  in  the  circuit,  during  the  make  shocks  there  ^ 
is  a  certain  degree  of  contraction  which  lasts  for  a  time,  so  that  the  curve  assumesj 

the  form  of  Fig.  329,  where] 
^^°-  3*9-  s  represents  the  moment  of] 

closing  or  making  the  cur-  j 
rent,   and  O   the    moment 
of  opening    or  breaking  it 
(§  Zl(>.  D). 

The  investigations  of  Cask  and 
Kronccker  show  Uiat  individual 
muscles  have  a  itpecio]  fonn  of 
niusclv  curve;  the  umo-liyoid  of  the  toitoisc  amtracis  more  rapidly  than  the  pectoralii.  Similar  dif- 
fcreticrs  occur  in  the  muactes  of  frof^s  and  mammals.  The  flexors  of  the  frog  coDtroct  more  rapidly 
than  the  extensors  {Gruttncr).  Someiimcs  within  one  and  the  same  muscle  ilicre  are  "  red  "  (^rich 
in  ^lycofi'eo)  aiid  "  pale  "  fibres  ({  292).  The  r»l  tihres  contract  more  slowly,  arc  lexs  excilftble, 
and  lew  easdy  fatigued  {Grdttner').  The  muscles  of  Hying  inMJcts  contract  vcr>'  rapidly,  even  more 
than  100  times  per  second. 

Poisons. — Very  small  dosescf  curara  or  quinine  increa.se  the  height  of  the  contraction  (excited 
by  stimulation  of  the  motor  nerve),  while-  larger  dobes  diminifth  it,  and  finally  abolish  it  altogether. 
Guanidtn  boa  a  similar  action  in  larger  doses,  hut  the  maximum  of  contraction  lasts  for  a  longer 
time.  Suitable  doses  of  veratrin  also  increoae  the  contractions,  but  the  singe  of  relaxation  is  greatly 
strengthened  (^AjjArrA  and  Clostermeyer).  Veratrin,  amiarin,  and  digiialin,  in  lar^  doses,  mcX 
upon  the  sarcous  subMoncc  in  such  a  way  that  the  contractions  t>ccome  very  prolonged,  not  unlike  a 
condition  of  jwolonged  tetanus  {Narlfis,  1862).  The  lalt-nt  pcriixl  of  muscles  iwimnuil  with  veratrin  ] 
and  strychnin  is  shortened  at  first,  andafterward  lengthened.  The  gastrocnemios  of  a  frog  supplied 
by  blood  containing  Mjda  contracts  more  rapidly  (C'rfV/cii/r).  Kunkcl  is  of  opinion  that  muscular 
poisons  act  by  conlrnUing  the  imijibilion  of  water  by  the  .sarcous  substance.  As  muscular  contraction 
depends  on  inibiUiuou  (J!  297.  IJ^,  the  form  of  the  contraction  of  the  poisoned  muscle  will  depend 
upon  the  altered  condition  of  imhihition  ])FO<!ucrd  by  the  drug. 

[Veratrin. — If  a  frog  be  poisoned  with  veratrin,  and  then  be  made  to  spring,  it  does  to  rapidly, 
but  when  it  alights  again  the  hind  legs  arc  extended,  and  they  are  otily  drawn  up  after  a  time.     Thus, 
rapid  and  powerful  contraction,  with  slow  and  prolonged  relaxation,  ore  the  character  of  the  move- 
ments.    In  a  muscle  poisoned  with  veratrin,  the  ascent  is  quick  enough,  but  it  remains  contracted 
for  a  long  lime,  so  thai  this  condition  his  been  called  "contracture."     A  single  stimulation  may 
cause  a  contraction  lasting  fwe  to  fifteen  seconds,  according  to  circumstances  (Kig.  330)-     BnmtoifcJ 
and  Cash   5od  that  cold  has  a  marked  cfTect  on  the  action  of  veratrin — in  fact,  itt  zfScxix  may  be] 
permanently  destroyed  by  exposure  to  extremes  of  heat  or  cold.     The  muscle  curve  of  a  braiolettj 
frc^  ccx>led  artificially,  and  then  poisoned  by  veratrin,  occoiionally  gives  no  indication  of  the  actioiif 
of  the  poison  until  its  temperature  is  raise<l,  and  this  is  not  due  10  non-absorption  of  poison.     Cold^j 
therefore,  alxilishes  or  lessens  Ihe  contracture  peculiar  to  a  veratrin  curve.      Similar  results  ar 
obtained  with  salts  of  barium,  and  to  a    less  degree  by  those  of  strontium  and  calcium  {Smntorn^ 
an  J  Cath)."^ 

Smooth  Muscles. — The  muscle  curve  of  smooth  or  non-striped  muscles  itd 
similar  to  that  of  the  striped  muscles,  but  the  duration  of  the  contraction  is  visibly' 
much    longer,  and    there  are  other   points  of  difference.     Some  muscles  stand 
midway  between  these  two,  at  least  as  far  as  the  duration  of  their  contractions 
is  concerned. 

The  "  red  "  muscles  of  rabbits,  the  muscles  of  the  tortoise,  the  adducion  of  the  common  musiel* 
and  the  heart,  all  react  in  a  similar  manner. 

Contraction  Remainder. — \  contracted  muscle  assumes  its  original  length 
only  when  it  is  extended  by  sufficient  traction,  e.  g,  by  means  of  a'  weight. 
Otherwise,  the  muscle   may  remain  partially  shortened  for  a  long  time.     This 
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condition  has  been  called  "contracture**  {Tiegel),  or,  better,  contraction 
remainder  i/fermann).  This  condition  is  most  marked  in  muscles  that  have 
been  previously  subjected  to  strong,  direct  stimulation,  and  are  greatly  fatigued, 
which  are  distinctly  acid,  and  ready  to  pass  into  rigor  mortis,  or  in  muscles 
excised  from  animals  poisoned  with  veratrin  (Fig.  330). 

Rapidity  of  Muscular  Contraction. — In  man,  single  muscular  movements 
can  be  executed  with  great  rapidity.  The  time  relations  of  such  movements  can 
be  ascertained  by  inscribing  the  movements  upon  a  smoked  glass  plate  attached  to 
a  tuning  fork.  Fig.  32S,  II,  represents  the  most  rapid  voluntary  movements  that 
I^ndois  could  execute,  as,  e.g.^,  in  writing  the  letters  «,  «,  and  every  contraction  ia 
equal  to  about  3.5  vibrations  (i  vibration  ^  0.01613  second)  =  0.0564  second. 
In  in,  the  right  arm  was  tetanized,  in  which  case  3  to  2.5  vibrations  occur  = 
0.0333  to  0.0403  second. 

V.  Rries  found  that  a  simple  muscular  twitch,  caused  by  a  single  induction 
shock,  is  shorter  than  a  momentary  voluntary  single  movement.  If  the  thickening 
caused  by  a  single  voluntary  contraction  of  a  muscle  be  registered  directly,  the 
curve  shows  that  the  contraction  within  the  muscle  lasts  longer  than  the  duration 
of  the  movement  produced  in  the  passive  motor  apparatus  itself.  This  paradoxical 
phenomenon  is  due  to  the  fact  that,  shortly  after  the  primary  voluntary  muscular 

Fig.  330. 


Lomr  CUfvi  U  Uie  namAl  niuda  cunc  (txog),  upf>«i  oa«  of  th«  mom  auMb  with  vtrvtrin  (A/r/Av). 


contraction,  there  is  a  contraction  of  the  antagonistic  muscles,  whereby  a  part  of 
the  intended  movement  is,  as  it  were,  cut  off.  During  the  most  rapid  voluntary 
movement  in  human  muscles,  v.  Kries  found  that  4  stimuli  per  second  were  active, 
so  that  a  voluntary  contraction  is  really  a  short  tetanus. 

Pathological  —In  secondary  degfoeratioti  of  th«  spinal  coni  after  apoplexy,  atrophic  muscular 
anchylous  of  (he  limbi,  miucular  atrophy,  proereisive  ataxia,  and  paralyiis  agitant  of  long  uandiiig, 
the  latent  period  is  IrngthemJ ;  while  it  is  ihorttneii  in  the  contracture  of  senile  chorea  and  ipasuc 
tabea  {A/enJ/ltiohn).  The  whole  curve  is  lengthened  in  jaundice  and  diabetes  {£t//mgir).  In 
ccrcLfol  hemiplegia,  daring  the  stage  of  contracture,  the  muscle  curve  resembles  the  curve  o!  a 
muscle  poisoned  with  veratrin.  arnl  (ne  same  is  the  case  in  spastic  spinal  paralysis  and  amyotrophic 
lateral  sclerosis;  in  pseudo- hypertrophy  nf  the  muscles  the  ascent  is  short  and  the  dcaccnt  very 
dofijialed.  In  muscular  atrophy,  after  cerebral  hemiplegia,  and  in  tabea,  the  latent  period  increases, 
while  the  hcigltt  of  the  curve  diminishes.  In  chorea,  t)ie  curve  is  sbon  (A'^tj^fitm  of  Dtge*ieralion^ 
\  339).  In  rare  caaes  io  man,  it  has  been  obMrved  that  the  exeention  of  spontaneous  movemeals 
results  in  a  very  prolonged  contraction  [Tbotnsen'a  dtseaae).  In  such  caaes  the  muscular  librea 
are  very  broad,  and  the  nuclei  increased  {^Erb). 

II.  Action  of  Two  Successive  Stimuli.  Let  two  momentary  stimuli  be 
ipplied  successively  to  a  muscle:  (A)  If  tach  stimuius  or  shock  be  of  itself 
sufficient  to  cause  a  maximal  contraction,  i.  e.,  the  greatest  possible  contraction 
which  ihe  muscle  can  accomplish,  then  the  effect  will  vary  according  to  the  titne 
which  elapses  between  the  application  of  the  two  stimuli,     (a)  If  the  second 
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I,  two  ftuceetftive  nub-riMximjilcontrActiorM:  11,  kucccsut*  contractions  pro<iuc«d 
\yf  ttimuLitlng  a  niutctc  with  i>  Induclion  thoclcc  pcriccond;  III.  curve 
produced  willi  very  rapid  induction  tliockt  (complete  tetanus). 


Stimulus  is  applied  to  the  muscle  after  the  relaxation  of  the  muscle  following  upon 
the  first  stimulus,  we  obtain  merely  two  maximal  contractions.  (^)  If,  however, 
the  second  stimulus  be  applied  to  the  muscle  during  the  time  that  the  effect  of  the 
first  is  present,  /'.  r.,  while  the  muscle  is  in  the  phase  of  contraction  or  of  relaxa* 
tion  ;  in  this  case  the  second  stimulus  causes  a  new  maximal  contraction^  according 
to  the  time  of  the  particular  phase  of  the  contraction.  U)  When,  lastly,  the 
second  stimulus  follows  the  first  so  rapidly  that  both  occur  durmg  the  latent  period, 
we  obtain  only  one  maximal  contraction  (?/.  Helmhoitz).     It  is  to  be  specially  noted 

that  a  single  maximal 
Fig.  331.  stimulus  never  excites 

the  same  degree  of 
shortening  as  tetanic 
stimulation  (ITT),  but 
only  about  yi  of  the 
height  of  the  contrac' 
tion  in  tetanus. 

(B)  If  the  stimuli 
be  not  maximal,  but 
only  such  as  cause  a 
medium  or  sub-max- 
imal contraction,  the 
effects  of  both  stimuli 
aresuperpostd,  or  there 
is  a  summation  of 
the  contractions  (Fig. 
331).  It  is  of  no  consequence  at  what  particular  phase  of  the  primary  contraction 
the  second  shock  is  applied.  In  all  cases,  the  second  stimulus  causes  a  contraction, 
just  as  if  the  phase  of  contraction  caused  by  tlie  first  shock  was  the  natural  passive 
form  of  the  muscle,  /.  ^.,  the  new  contraction  (^,  c)  starts  from  that  point  as  from 
an  abscissa  (Fig.  331, 1,  b^.  Thus,  under  favorable  conditions,  the  contraction  may 
be  twice  as  great  as  that  caused  by  the  first  stimulus.  The  most  favorable  time  for 
the  application  of  the  second  stimulus  is  ^^  second  after  the  application  of  the 
first  (Srwa//).  The  effects  of  both  stimuli  are  obtained  even  when  the  second 
stimulus  is  applied  during  the  latent  period  (v.  Helmholti). 

i  III.  Tetanus — Summation  of  Stimuli. — If  stimuli,  each  capable  of  causing 
'a  contraction,  and  following  each  other  with  medium  rapidity,  be  applied  to  a 
muscle,  the  muscle  has  not  sufficient  time  to  elongate  or  relax  in  the  intervals  of 
stimulation.  Therefore,  according  to  the  rapidity  of  the  successive  stimuli,  it 
remains  in  acondition  of  continued  vibratory  contraction,  or  in  a  state  of  tetanus. 
Tetanus  is,  however,  not  a  continuous  unifornri  condition  of  contraction,  but  it  is  a 
discontinuotis  condition  or  form  of  the  muscle,  depending  upon  the  summation 
or  accumulation  of  contractions.  If  the  stimuli  are  applied  with  moderate  rapidity, 
the  individual  contractions  appear  in  the  curve  (Fig.  331,  II);  if  they  occur 
rapidly,  and  thus  become  superposed  and  fused,  the  curve  appears  continuous  and 
unbroken  by  elevations  and  depressions  (Fig.  331,  III).  As  a  fatigued  muscle 
contracts  slowly,  it  is  evident  that  such  a  muscle  will  become  tetanic  by  a  smaller 
number  of  stimuli  per  second  than  will  suffice  for  a  fresh  muscle  {Marey).  .'UI 
muscular  movements  oi  long  duration  occurring  in  our  bodies  are  probably  tetanic 
in  their  nature  (^Ed.   Weber^. 

[Summation  of  Stimuli. — If  a  stimulus,  insufficient  in  itself  to  cause  con- 
traction  of  a  muscle,  be  repeatedly  applied  to  a  muscle  in  proper  tempo  and  of 
sufficient  strength,  at  first  a  slight  and  then  a  stronger  or  maximal  contraction 
may  be  produced.  This  process  of  summation  occurs  also  in  nervous  tissue 
(§  360).] 


SUMMATION   OF  STIMULI. 


635 


11. 


[Staircase  or  "  Treppe."  Bowdiicli  showed  that  lh«  cuMinc  coniroctintu  exhibited  a  "  suir 
ewe  "  charncter,  /./.,  the  bcigh!  of  the  second  beat  i$  greata  Uiaa  that  of  the  find ;  and  the  third  than 
that  of  ihc  second  (p.  126).     The  same 

occim  in  the  case  of  the  muscles  of  liic  Fic.  332. 

frog  (7><y^/,  A/iHO/)  and  in  mnmnials  Minimal.  Maximal  S.ib nw.imal.         M:.»in.3l 

{A'ossiatA).  Bohr  showed  that  ihr 
successive  ascendini;  apices  in  a  trls- 
nm  curve  have  really  a  staircase  char- 
acter, and  that  it&  exact  forcn  in  ihnt  of 
a  hTperbota.  Bohr  found  that  ( 1 )  ihi-i 
form — the  muscle  not  being  fatigued — 
is  independent  of  the  strength  and  fre- 
quency of  the  stimuli.  (2)  The  height  Four  groups  (.(  cotiu-tciiutii,  .titer*-.!  ..f  timi.bt  ,,,.  -r  ,11.  ^.jnj  j 
of  the  series  of  contractions  in  tetanus  iainut«»'  pau>«  bclvcca  twofroupc  (,£M*-Jima  it*r^ 

is  independent  of  the  frequency  of  the 

stimuli,  increase  of  frequency  merely  causing  the  staircase  to  reach  its  maximum  more  rapidly.     {3) 
The  height  of  the  staircase  increases — within  certain  hmils — with  the  strength  of  the  stimulus.    Buck* 
master  has  coutirmcd  this  for  sim- 
ple contractions,  but  as  shown  in 

Fig.  332,  when  the  stimuli   are  pi(;   ^^^ 

minimal  or  sub-maximal,  there  is 

nsoally  no  staircase  character  of  T. 

the    contractions,    but     maximal 
■timoh  always  cause  it.] 

A  continued  voluntary 
contraction  in  man,  con- 
sists of  a  scries  of  single 
contractions  rapidly  follow- 
ing each  other.  Every 
such  movement,  on  being 
carefully  analyzed,  consists 
of  intermittent  %'ibrations, 
which  reach  their  maxi- 
mum when  a  person  shivers 
(^1/.  /f^^^-r).— [Baxt  found 
that  the  simplest   possible 

voluntary  contractions,  e.  ^.,  striking  with  the  index  fingcrr  occupies  on  an  aver- 
age nearly  twice  as  long  a  time  as  a  similar  movement  discharged  by  a  single 
induction  shock.] 

The  number  of  single  impulses  sent  to  our  muscles  during  a  voluntary 
movement  is  tolerably  variable,  during  a  slow  contraction  =  8  to  X3.  and  during  a 
rapid  contraction  ^=  i8  to  20  impulses  per  second.  Fig.  333, 1,  represents  a  myo- 
gram of  a  sustained  contraction  of  the  flexor  brevis  pollicis  and  abductor  pollicis, 
recorded  on  a  vibrating  plate.  The  wave-like  elevations  indicate  the  single 
impulses,  each  tooth  =  0.01613  second.  II  is  a  similar  curve  registered  by  the 
extensor  digili  tertii  {Landois),  [Schifer  finds  that  a  prolonged  voluntary  con- 
traction in  man  is  an  incomplete  tetanus  produced  by  8  to  13  successive  nervous 
impulses  per  second.     About  10  per  second  may  be  taken  as  the  average.] 

The  requisite  degree  of  shortening  is  obtained  by  the  summation  of  single  stimuli  applied  to  the 
slowly  contracting  muscle,  until  the  desired  degree  of  ihortening  Is  obtained.  In  estimating  exactly 
the  amount  of  movement,  we  generally  oppose  some  resistance  by  contracting  antagonistic  muscles, 
as  b  shown  by  observations  on  simre  individuals  {Br&ckt^. 

The  tetanic  contractions,  which  occur  normally  in  an  intact  body,  are  proved  10  corutM  of 
a  senes  of  successive  awtracticns.  hecau.se  they  can  give  rise  to  seccuJary  tetantu  \\  332,)  which 
may  also  be  caused  by  muscles  thrown  into  tetanus  ^t^-  strychnin  poboning  {^L('r?n\.  The  tnuacle 
•OUnd  CanDOC  be  regarded  at  a  [iruof  of  the  oscillatory  mu«etneut  in  tetanus  [as  HelmhoUi  has  shown 
llial  ifais  sovnd  coincides  with  the  resonance  tound  of  the  ear  [^Hiring  otui  FriairkhW. 

If  a  muscle  he  connected  with  a  ^S^ThftP*   wIiom  wires  are  brought  into  connection  with  two  A 
lecdles,  one  plnced  in  Ihc  tendon,  and  (he  other  in  the  salwtance  of  the  muscle,  wc  hear  a  aound 
vhen  the  muscle  is  thrown  into  tetanus,  which  |»oves  that  periodic  vibiatory  processes,  /.  /.,  succes- 


1,  riluauon obuiD&J  Trum  the  flexor  hrevii  poUlcti;  ll,ft<j 
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sive  contmciions.  occur  in  the  muscle  ( BrrnstHm  ami  S^AftiMm).     The  sound  U  tnotX  dtMina  ' 
the  teUnizing  Necf  's  htiiunicr  of  an  mduction  machine  vibrmles  about  50  times  per  srcoad  (  H^eJ/mti 
a$ui  A'ronf(ier\. 

The  number  of  stimuli  requisite  to  produce  tetanus  varies  indifferent  aDimab,  and  in  diffcml 
muscles  of  tlie  Mine  animnl.  About  15  stimuli  per  second  are  rrquired  to  prodacv  letums  in  dw 
musics  of  the  fr^g  (hyoglossus  only  10.  giulrocnemiu»  27) ;  very  feeble  OimuU  (more  than  ao  per 
■Kcond)  cause  tetanus  {Kr&nffker) ;  the  muscles  of  the  terloisi  become  tetanic  with  3  to  3  thocks 
per  second;  the  red  muscles  of  the  ra6bU  by  10,  the  paie  by  over  20  {^Kronttker  mmt  Siirlmg\\ 
muscles  of  birds  not  even  with  70  {^Marey)\  muscles  of  insects  3  jo  to  340  per  second  {^M*ny\ 
Trtnnic  Mimulnlion  of  the  mu-scli^s  of  the  crayfish  (AstaCus)  and  also  in  hydrophilus,  nsy  CSMC 
rhythmical  contractions  (fiUhei),  or  rhythnucdly  interrupted  teumus  {SckdmUim). 

Caraiixed  muscles  sometimes  pass  into  tetanus  on  the  application  of  a  momentary  stiinolas  {JCiMm^, 
f/erinK). 

O,  Sullmonn  found  that  the  pti/e  muscles  of  newborn  r^bits  were  rendered  tetAolc  with  16 
stimuli  per  second,  so  that  tetanus  was  produced  in  them  with  the  same  nember  of  i^hock*  as  a 

fati^cd  tduli  muscles.    Thitmor 


FI".  3M- 


Curvf-.     t.(,..i.'i|  [i..m  rol  (ifpp«r)  and  pale  (lower)    fii- 

uiniuUiintt  Uic  AciJttic  iicrve  witii  »  iiiif(k  liiilu<-ti<ni  -i 

e*l  line  iudtcaic*  (ime,  mmA  u  divldetl  mtu  jjg  accuDd  (Krtmecktr  mmt 

Siiriimt). 
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servf  portly  (o  upIoJn  the  fsulity 
with  which  ^[<asm«  occur  in  new- 
liim  animnts, 

[The  red  and  pale  rooaclc* 
of  a  rabbit,  as  already  ohowa, 
ilitVrr  struciurally,  and  b1«o  in 
re^^ard  In  their  blood  mpply  fp 
507).  Tbcy  also  dilTer  ^ysle- 
togjcolly  and  chemically  (p. 
5CKj(.  \Vhen  Ivlh  muscles  are 
cnuscd  to  contract,  by  ■'■"Mi'r'iTf 
the  ?»ciatic  nerve  vith  a  sia^ 
mduction  shock,  the  curves  ob- 
tained are  shown  in  Fia.  334 ;  *he 
lower  one  (ram  tlie  pale,  and  ibr 
upper  from  the  red  ronscle.  Tbe 
latent  period  is  longer,  while  1^ 
duration  of  a  simple  conlractkn 
Four  stimuli  per  secottd  cause  on 


of  a  red  mn.sc1e  is  three  times  longer  than  that  of  a  pale  muscle. 

incomplete  tetanus,  and  10  per  second  n  nearly  complete  tetanus  in  the  red  muscles  of  a  rabfaa. 
while  the  pale  muscles  require  20  to  30  stimuli  per  second  to  be  cornpleleW  teloniied.  Fig.  335 
shows  the  results  produced  liy  induction  shocks  applied  (o  both  muscles  at  intervals  of  ^  second.] 

Tbe  extent  of  shortening  in  a  tetonically  contracted  muscle,  within  certain  limits,  is  depeDaent 
upon  the  screufrth  of  the  individual  stimuli — but  not  upon  their  frequency.  The  contractioa 
remainder  after  tetanus  is  grcnler  the  stronger  the  stimuli,  the  longer  they  are  aupUcd,  and  the  (ectils 
the  muscle  used  {Sokr).  For  3n  uuwetgbted  muscle,  tbe  height  of  1  contraction  and  that  oi  tetawM 
ore  the  same  (r.  /•>(}•).  Only  when  a  muscle  is  weighted  is  the  height  of  a  single  contraction  lot 
than  by  a  tetanic  contraction.  Sometimes  a  stimulus  ajiplied  to  a  mi^de  immediolety  after  tetanus 
produces  a  greater  elTcct  than  it  did  before  the  trianus  (RonbacM,  Bohr), 

I^G.  335. 
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Make  attd  break  inducUon  shocks*  of  yx>  uniu,  applied  st  mtcrvKli  af  »  ^  tecond  (o  the  fNtle  (iowvr)  aad  nri  {ftftm^ 
muscles  of  a  nhblL    T1i«  lowe*t  Hoc  maiki  ^  MCtrnd  \Argnfcktr  ^md  Stdriint). 

DuriLtion  of  Tcunua.— A  tetanized  muscle  cannot  remain  contracted  to  the  same  extent  for  an 
indelinilc  [>eriod,  even  if  the  siimuH  arc  kept  constant.  It  gradually  begins  to  elongate,  ai  fint  wme 
what  rapidly,  and  iben  more  slowly,  owing  to  (he  occurrence  of  fatigue.  If  the  tetanic  sthnulaiion 
is  arrested,  the  muscle  does  not  regain  its  original  position  and  shape  at  once,  hut  a  contraction 
remainder  exists  for  a  certain  time,  this  being  more  evident  after  stimulation  vith  iaductioo  abodtt. 
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IV,  If  very  rapid  induction  shocks  (224  to  360  per  second)  be  applied  to 
a  muscle,  the  tetanus  after  a  so-catled  "initial  contraction"  {Bernstein)  may 
ceasic  {Hariess,  Heidenhain).  This  occurs  most  readily  when  the  nerves  are 
cooled.  Kronecker  and  Stirling,  however,  found  that  stimuli  following  each  other 
at  greater  rapidity  than  24,000  per  second  produced  tetanus. 

[Tone  inductorium  of  Kronecker  and  Stirling. — This  appanUus  (Hg.  336),  coosblsof  *  rod 
of  tron,  </,  fixed  in  nn  iron  upright  at  <i.  The  {mmary,  f^,  nnd  Mcocdory  spiral,  s^,,  rest  on  vroodcn 
supports,  which  can  be  pushed  over  both  eiKls  of  the  rod.  One  end  of  the  nxi  lies  between  leather 
rollers,/  and  g,  which  can  be  made  In  rub  nn  the  rod  by  tnDvinf^  the  toothed  wheeU,  k  In  this  way 
a  tone  u  produced  by  the  longitudinal  vibrations  of  the  rod,  the  number  of  vibrations  being  pro- 
portional to  the  length  of  the  n»l,  -^  Ihut  by  m*an(i  of  this  instrument  we  can  produce  from  lOOO  to 
24^000  altcmaiing  induction  shocks  per  second.] 


Fk;.  336. 
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T«iie  biducloriun  of  Kronecker  and  Slirlinf.    </.  iron  rod.  dunped  at  a  :  i„  prtmRry.i^,  tccondary  f|dnd,  vUli  a  kr)r, 
k,  leather  rollcr«,/and^,  Jriveo  by  wheel*,  A. 


Fick  has  recently  investigated  the  changes — tenaion— undergone  by  a  muscle  when  it  is  stimulated, 
and  when  iL*  length  remains  consUnl,  and  he  calls  lhi.s  {irocets  an  "  isometrical  muscular  act." 
Me  hnd-^  that  a  Tolunlary  contraction  in  an  isomethcj.!  act  in  man  causes  a  hightrr  tetuuon  than  a  con- 
traction excited  electrically.  In  the  frog,  the  tension  is  nearly  twice  asgreal  duringtetanaa  as  during 
a  single  maximal  muscular  contraction  ;  in  human  ma-icles,  It  may  lie  ten  times  a»  great. 

.^99.  RAPIDITY  OF  TRANSMISSION  OF  A  CONTRACTION. 

-T*^.   If  along  muscle  be  stimulated  at  one  end,  a  contraction  occurs  at  that  v 
point,  and  is  rapidly  propagated  in  a  wave-like  manner  through  the  whole  length 
of  the  mtiscle,  until  it  reaches  its  other  end.      The  condition  of  excitement  or 
molecular  disturbance  is  communicated    to  each  successive  part  of  the  muscle, 
in  virtue  of  a  special  conductive  capacity  of  the  muscle.     The  mean  velocity  of 
the  contraction  wavp  is  3  to  4  metres  per  second  in   the   frog  {Berftstein.   3.869    ^• 
metres);  rabbit,  4  fo  s  mtrtTca  ( Berns/ein  ,inif  S/etifr) ;  lobster  i  metre  (/'M/i'r/V^    ■ 
anJtan  de  Velde) ;  \\\  smooth  muscle  and  in  the  heart,  only  10  to  15  milli- 
metres per  second  f  §  58,  4).    These  results  have  reference  only  to  excised  muscles, 
the  velocity  of  transmission  being  much  greater  in  the  volimiary  muscles  of  a 
/jviog  man,  vix.,  10  to  13  metres  {^Hermann,  §  334,  II). 

'"*^*- — Aetiji-  placed  writing  levcn  upon  Imth  ends  of  a  muscle,  the  lever* resting  transversely 

•wi  of  the  muvular  filirr*.     The  muscle  was  stimulated,  and  both  levrrs  registrred  their 

•  '"rectly  over  the  other  on  a  revolving  cyhnder.     On  stimulating  one  end  of 

'-»t  to  this  point  is  raised  Ity  the  contractiun  wave,  and  n  tiitlc  later  the  ot)ier 

*•'•  al  which  the  cyKndcr  is  moving,  and  the  distance  between  tJie  two 

e  rapidity  of  transmission  of  the  contraction  wave. 


638    EFFECT  OF  VARIOUS  CONDITIONS  ON  MUSCULAR  CONTRACTION. 

^Duration  and  Wave  Length. — The  time,  corresponding  to  the  length  of 
'  the  abscissa  of  the  muscle  curve  inscribed  by  each  writing  lever,  is  equal  to  the 
duration  of  ihf  contraction  of  this  part  of  the  muscle  (according  to  Bernstein, 
0.053  '°  o.o^Ssecond).  If  this  value  be  multiplied  by  the  rapidity  of  transmis- 
sion of  the  muscular  contraction  wave,  we  obtain  the  wave  iengih  of  the  contra^' 
y-' tion  wave  (^  206  to  380  millimetres)./ 
y^  Modifying  Infiuences.^Cold  (Fig.  337^  fiitigge,  approaching  death,  and 
many  poisons  [veratrin.  KCy]  diminish  the  velocity  and  the  height  of  the  con- 
traction wave,  while  the  strength  of  the  stimulus  and  the  extent  to  which  the 
muscle  is  loaded  are  without  any  eflect  upon  the  velocity  of  the  wave  {Aefy).  In 
excised  muscles,  the  size  of  the  wave  diminishes  as  it  passes  along  the  muscle,  but 
this  is  not  the  case  in  the  muscles  of  living  men  and  animals.  The  contraction 
wave  never  passes  from  one  muscular  fibre  to  a  neighboring  fibre. 

[Fig.  337  shows  the  eBect  of  cold  on  the  miucln;  of  a  rabbit,  in  deUying  the  Contraction  w«ve. 
There  is  a  longer  dislwice  between  i  and  2  in  the  lower  than  in  the  upper  curves.] 

2.  If  a  long  muscle  be  stimulated  locally  near  its  middle,  a  contraction  wave 
is  propagated  toward  both  ends  of  the  muscle.  If  several  points  be  stimulated 
simultaneously,  a  wave  movement  sets  out  from  each,  the  waves  passing  overreach 
other  in  their  course  {Schij^). 

3.  If  a  stimulus  be  applied  to  the  motor  nerve  of  a  muscle,  an  imptilse  is 

Yxc.  337. 


Upper  two  curves,  a  and  i,  obtained  from  a  nil>bu'»  iniBcl«  by  Ibe  above  Hit^itKeincni;  Itn    lomrvr  IWO  curvet  fraiB 
the  mne  muscle,  when  It  wakcooled  by  ice. 

communicated  to  every  muscular  fibre  \  a  contraction  wave  begins  at  the  end  orgaH 
[motorial  end  plate],  and  roust  be  propagated  in  both  directions  along  the  mus- 
cular fibres,  whose  length  is  only  3  to  4  centimetres.  As  the  length  of  the  motor 
fibres  from  the  nerve  trunk  to  where  they  terminate  in  the  motorial  end  plate  is 
unequal,  contraction  of  all  the  muscular  fibres  cannot  take  place  absolutely  at  the 
same  moment,  as  the  nerve  impulse  takes  a  certain  time  to  travel  along  a  nerve. 
Nevertheless,  the  difference  is  so  small  that,  when  a  muscle  is  caused  to  contract 
by  stimulation  of  its  motor  nerve,  practically  the  whole  muscle  appears  to  contract 
simultaneously  and  at  once. 

4.  A  complete^  uniform,  momentary  contraction  of  all  the  fibres  of  a  muscle  can 
only  lake  place  when  all  the  fibres  are  excited  at  the  same  moment.  This  occurs 
when  the  electrodes  are  placed  at  both  ends  of  the  muscle,  and  an  electrical 
stimulus  of  momentary  duration  passes  through  the  whole  length  of  the  muscle. 

300.  MUSCULAR  WORK, — Muscles  are  most  perfect  machines,  not  only 
because  they  make  the  most  thorough  use  of  the  substances  on  which  their  activity 
depends  (§  217),  but  they  are  distinguished  from  all  machines  of  human  manufac- 
ture by  the  fact  that,  by  frequent  exercise  they  become  stronger,  and  are  thereby 
capable  of  accomplishing  more  work  {^Du  Bois-Heymond'). 

/The  amount  of  work  (W)  which  a  muscle  can  perform  is  equal  to  the  product 
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ihe  weight  lifted  (/)  and  the  height  to  which  it  is  lifted  (^),  i.e.y'W^p^ 
Introduction),     Hence,  it  follows  that  when  a  muscle  is  not  loaded  (where /  =  o), 

en  w  must  be  =  o,  i.  e.,  no  work  is  performed.  If,  again,  it  be  overloaded  with 
:oo  great  a  load,  so  that  it  is  unable  to  contract  (/;  =  o),  here  also  the  work  is  nil, 

twccn  these  two  extremes  an  active  muscle  is  capable  of  doing  a  certain  amount 
f  *•  %vork." 

I.  Work  with  Maximal  Stimulation. — When  the  strongest  possible,  or 
maximal  stimulus  is  applied — /'.  e.,  when  the  strength  of  the  stimulus  is  such  as 
[to  cause  a  muscle  to  contract  to  the  greatest  possible  extent  of  which  it  is  capable, 
the  amount  of  work  done  increases  more  and  more  as  the  weight  is  increased,  but 
only  up  to  a  certain  maximum.  If  the  weight  be  gradually  increased,  so  that  it  is 
lifted  to  a  less  height,  the  amount  of  work  diminishes  more  and  more,  and  gradu- 
ally falls  to  be  =  o,  when  the  weight  is  not  lifted  at  all. 

Example  of  ihe  work  done  by  a  frog's  muscle  (£</.  iVe^r) :— 


Weiifht  lilted  in  Gmnmea. 

Height  in  Millinetres. 

Work  done  Id  Gnutuae-Millimctns. 

5 

as 
30 

27.6 
25.1 

"■45 
7.3 

138 
376 
2S6 
220 

50 


[Suppose  a  muAClc  be  loaded  with  a  certain  number  of  grammes,  and  then  caused  to  contract,  we 
get  a  ccTlain  height  of  contraction.  Hg.  33S  shows  the  result  uf  an  experimenl  of  this  kiud.  The 
vcTtical  lines  represent  the  height  to  which  the  weigbt$  (tn 

grammes)  noted  under  them  were  raised,  so  that,  as  n  rule,  aa  FlG.  33S. 

tiie  weight  iDCreases  tbe  height  to  whicti  it  is  rai!>ed  decreases.] 

Laws  of  Muscular  Work. — i.  A  muscle  can 
liff  a  greater  load  the  larger  its  transverse  section, 
i.  e.,  the  more  fibres  it  contains  arranged  parallel  to 
E  each  other. 

2.  The  longer  the  muscle,  the  higher  it  can  lift  a 
weight. 

3.  When  a  muscle  begins  to  contract,  it  can  lift 
thelargest  load  ;  as  the  contraction  proceeds,  it  can 
only  lift  a  less  and  less  load,  and  when  it  is  at  ita 
maximum  of  shortening,  only  relatively  very  light 
loads. 

^,  By  the  term  "  absolute  muscular  force  " 
is  meant,  according  to  Ed.  Wel)er,  just  the  weight 
which  a  muscle  undergoing  maximal  stimulation  is 
iDO  longer  able  to  lift  (the  mascle  being  in  its  normal 
Testing  phase),  and  without  the  muscle  at  the  moment  of  stimulation  being  elongated 
by  the  weighty 

Cyinparatiyc!— ^Compariny  the  absolute  muscular  force  of  different  muscles,  even  in  different 
I  tnimals,  it  is  usual  to  calculate  it  with  reference  to  that  of  a  square  centimetre.  The  mean  transrcrsc 
I  lection  of  a  muscle  is  ot>tainnl  by  ilividinj;  its  volume  liy  its  length.  The  volume  is  equal  to  the 
atMoluie  weight  of  the  muscles  divided  liy  its  specific  gravity  =  1058.  The  absolute  muscular  force 
ibr  2  □  centimetre  of  a  frog's  muscle  —  2.S  to  3  kilos.  [6.6  lbs.]  (_/.  flosfntkai);  for  1  Q  centi- 
metreor  human  muscle  =  7  to  8  [J/rnie  and  A'norz), or  evtn  9  to  lolcilos.  [20  to  23  lbs.]  [JCort/fr, 
J/aug^/cn).  Insects  can  perform  an  extraordinary  amount  of  work — an  insect  can  drag  along/ 
•ixty-seven  times  its  body  waght ;  a  horse  scarcely  three  times  its  own  weight. 

5.  During  tetanus,  when  a  weight  is  kept  suspended,  no  work  is  done  as  long 
Bs  the  weight  is  suspended,  but  of  course  work  is  done  in  the  act  of  lifting  the 
load.  To  produce  tetanus,  successive  stimuli  are  re(|uired,  the  muscular  metabol- 
ism is  increased,  and  fatigue  rapidly  occurs.     The  potential  energy  in  this  case  is 
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converted  into  heat  (§  302).  When  a  muscle  is  stimulated  with  a  maximal ttimuJitt, 
it  cannot  tiftso  great  a  weight  with  ^//r  contraction  as  when  it  is  stimulated  tetant- 
cally  (Hermann).  The  energy  evolved,  even  during  tetanus,  is  greater  the  more 
frequent  the  stimulation,  at  least  up  to  100  stimuli  per  second  (BermUin). 

H.  Medium  Stimuli. — If  a  muscle  be  caused  to  contract  by  stimuli  oKm^tr- 
ate  strength^  /.  c,  such  as  do  not  cause  a  maximal  contraction,  there  are  two  pos&i* 
bilities:  Either  the  feeble  stimulus  is  kept  constant  while  the  load  is  varied,  in 
which  case  the  amount  of  work  done  follows  the  same  law  as  obtains  for  maximal 
stimulation  ;  or,  the  load  may  be  kept  the  same,  while  the  strength  of  the  stimulus 
is  varied.  In  the  latter  case,  Fick  observed  that  the  height  to  which  the  load  was 
lifted  increased  in  a  direct  ratio  with  the  strength  of  the  stimulus. 

The  ttimuhis  which  causes  a  muscle  to  contract  must  reach  a  certain  strength  or  intensity  bcfcrt  U 
becomes  effective,  i.  <■,,  the  "  liminal  Intenaity  "  of  the  stimulus,  but  thi*  is  independent  oi  the 
weight  applied  lo  the  muscle.  With  minimal  stimuli,  a  small  weight  is  raisal  higher  than  a  laripe 
one,  but  as  the  stimulus  is  increased,  the  contractions  also  increase  ia  a  larger  ratio  with  ui  iocreucd 
load  (v.  Krits\. 

The  blood  stream  within  the  muscles  of  an  intact  body  is  increased  dtiriDg 
muscular  activity.  The  blood  vessels  of  the  muscle  dilate,  so  that  the  amount 
of  blood  flowing  through  them  is  increased  {Lu<iwig  and  Sc%elk<nv'),  At  the  time 
that  the  motor  fibres  are  excited,  so  also  are  the  vaso-ditator  fibres,  which  lie  in 
the  same  nervous  channels  (§  294,  II).  [Gaskell  found  that  faradization  of  the 
nerve  of  the  mylo-hyoid  muscle  of  the  frog  not  only  caused  tetanus  of  the  muscle, 
btit  also  dilatation  of  its  blood  vessels.] 

Testing  Individual  Muscles. — In  estimating  the  absolute  force  of  the  individual  mmtfta 
or  groups  of  muscles  in  man,  we  must  always  pay  particular  attention  to  the  phjiical  relationi,  L  e^ 

to  the  arrangement  of  the  lerers,  direction  of  the 
traction,  degree  of  shortening,  etc.  |  {  306.)  DyiUl- 
mometer — The  absolute  force  of  cert^n  groar* 
of  mujtcles  is  very  conveniently  aitd  praaicallf 
ascertained  hy  means  of  a  dynamometer  (rig,  339). 
This  instrument  Is  very  useful  for  testing  the  di0er- 
ence  between  the  power  of  the  two  arms  incMCt  of 
paralysis.  The  patient  gnups  the  instiumeat  in  I 
hand  and  an  index  registers  the  force  exerted. 
telct  has  estimated  (he  force  of  certain  mnaclc 
pre&sure  of  l>oth  hands  of  a  man  to  be  -^  70  1 
while  by  pulling  he  can  move  doable  this  1 
The  force  of  the  female  hand  is  one-third  le 
man  can  carry  more  than  double  his  own  wei^V ;  ■ 
woman  about  the  half  of  this.  Ik}y3  can  carry  at:out  one-third  more  than  girls.  [Very  convcnicoC 
dynamometers  arc  made  by  Sailer,  of  liirmingham ,  b<»th  for  testing  the  strength  of  pull  and  squccsc ; 
in  testing  the  former,  the  instrument  is  held  &$.  on  archer  holds  his  bow  when  in  the  act  of  dfswing 
it,  and  the  strength  of  pull  is  given  by  an  index  ;  in  the  latter  another  form  of  the  iostnunent  is  used. 
Large  numbers  of  obftcrvalions  were  made  by  means  of  these  instruments  by  Fraocia  Calton  al 
the  Health  Exhibition,  1SS5.] 

Amount  of  Work  Daily. — In  estimating  the   work  done  by  a  man,  we  have  to  oonildcr.  ool 
only  the  amount  of  work  done  at  any  one  moment,  but  how  often,  time  after  time,  he  can  mcccal  imm 
doing  work.     The  mean  value  of  the  daily  work  of  a  man  working  eight  hours  a  day  is  10  1  io.d 
to  II  at  mofi)  kilogram  me -metres  per  second,  t.  r.,  a  daily  amount  of  work  —  2^8,000  (3O(VX)0u 
kilogram  me- metres.  ^ 

[Ergostat. — Sometimes  it  is  desirable  that  patients — especially  those  who  rafTer  from  tnjtviwt^ 
corpulence— should  do  a  certain  amount  of  work  doily;  this  con  be  carried  out  brGootner's  Ei^^^ostat, 
which  resembles  a  winch,  driven  by  a  handle.     The  pressure  upon  the  wheel  can  be  regulated  b; 
meani  of  a  strap,  lever,  and  weights,  and  according  to  the  weight  and  number  of  revolutions  of  iIm 
wheel,  cnn  the  amount  of    mechanical   work   be    accurately   regulated.     This  inttnimenl  is  I 
mended  for  therapeuiicnl  purposes.] 

Modifying  Conditions. — Many  substances,  after  being  introduced  into  the  body,  ditntniih,  1 
ultimately  paralyze  the  production  of  work — mercury,  dtgitalin,helleborin.  potash  salts,  etc 
increase    the  muscuUr  activity —  veratrin  {/^ossiaeA),  glycogen    [catTcin   and   allied 
muscorin  {fClug  and  Fr.  f/i^et)^  kreatin  and  hypoxanthin ;  extract  of  meat  rapidly 
muscles  after  fatigue  (Ai^r/V     [Those  drugs  which  excite  muscular  Cistne  rcttore  it  sAer 
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Kreatin  Es  &  wute  prodad  of  muscle,  ind  beef-tea  and  Liebig's  extract  of  meat  perhaps  owe  their 
restorative  qualities  portly  to  ihese  exlTactivc&.] 

301.  THE  ELASTICITY  OF  MUSCLE.— Physical.— Every  elastic  bwly  has  its  "natural 
shape,"  i.  e.,  its  shape  when  no  cxIcitdI  force  (tension  or  pressure)  acts  upon  it  so  as  to  distoit  It. 
Tiius,  the  pauive  muscle  haa  a  '*  natural  form."  If,  however,  a  muscle  be  extended  tn  the  course  of 
its  fibres,  tiie  parts  of  the  muscle  are  evidently  pulled  asunder.  If  ibe  stretching  be  carried  only  to  n 
certain  degree,  the  muscle,  in  virtue  of  it!.  eloAticity,  will  r^ain  its  natural  form.  Such  a  body  is  said 
to  poaicss  "  complete  elaeticity,"  i.  a,  after  being  stretcherl  it  regains  exactly  its  original  shape. 
By  the  lerm  "amount  of  elasticity  "  (ota/w/mj)  is  meant  the  weight  (^cxpressed  in  kilogrammes) 
neceasary  to  extend  an  clastic  liudy  I  Q  mdlimetre  in  diameter,  its  own  length ,  without  the  Ixxly  break* 
bg.  Of  course  many  bodies  are  ruptured  before  this  occurs,  for  a  passive  muMrle  it  is  =r  0.2734 
(  iVitntft),  [that  of  bone  ^  2264  ( iVerlheim),  tendon  =  I-6693,  nerve  =:  3.0905,  the  arterial  walls  = 
0.0726  ( Wnw.//)].  Thus,  the  amount  of  cloaticity  of  a  passive  muscle  is  smail,  as  it  requires  only  a 
slight  fetretchtng  force  lo  extend  it  to  its  own  length.  It  has,  therefore,  no  great  amount  of  elasticity. 
The  term  "coefficient  of  elasticity"  is  appHc^l  to  the  fraction  of  the  length  of  an  elastic  Ixxly, 
to  which  it  i&  elongated  by  the  unit  of  weight  applied  to  !>tretch  it.  It  is  large  in  a  pamive  muscle. 
If  the  tension  be  sufficiently  great,  ihc  elastic  body  ruptures  at  last.  The  '*  carrying  cafticiiy"  of 
muscular  tissue,  until  it  ruptures,  is  in  the  following  intiox  for  youth,  middle,  and  old  nge,  nearly 
7:3:2.  [Instead  nf  the  word  "  claAticily,"  Drunlon  suggests  tbc  use  of  extensibility  and 
reiractibiliiy,  terms  suggested  by  Marey,  the  one  referable  to  Uie  elongation  on  the  apjilicaiion  of  a 
weight,  and  the  other  to  the  shortening  after  its  removal.] 

Curve  of  Elasticity. — In  inorganic  clastic  Ixxlies,  the  line  of  elongation,  or 
the  extension^  is  directly  proportional  to  the  extending  weight ;  in  organic  bodies, 
and,  therefore,  in  muscle,  this  is  not  the  ca.se,  as  the  weight  is  continually  increased 
by  equal  increments — the  muscle  is  less  extended  than  at  the  beginning,  so  that  the 
extension  is  n^t proportional  to  the  weight.     If  equal   weights  be  added  to  a  scale 
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pan  attached  to  a  piece  of  india-nibber,  with  a  writing  lever  connected  with  it,  and 
writing  its  movements  on  a  plate  of  glass  that  can  be  moved  with  the  hand,  wc 
get  such  a  curve  as  in  Fig.  340,  while,  if  the  same  be  done  with  the  .sartorius  of  a 
frog,  we  get  a  result  similar  to  Kig.  341.  A  straight  line  joins  the  apices  of  the 
former,  while  the  curve  of  elasticity  is  a  hyperbola,  or  something  near  it,  in  the 
latter  case. 

Elastic  After-effect. — ^At  the  same  time,  after  the  first  elongation,  corres]X)nd- 
ing  to  the  extending  weight,  is  reached,  the  muscle  may  remain  for  days,  and  even 
Vrttks,  somewhat  elongated.  This  is  called  the  **  elastic  after-effect*^  (.^  65). 
[Marey  attached  a  lever  to  a  frog's  muscle,  and  allowed  the  latter  to  record  its 
ttjovetncnts  on  a  slowly  revolving  cylinder.  To  the  lever  was  fixed  a  vessel  into 
which  mercury  slowly  flowed.  Tliis  extended  the  muscle,  and  when  it  had  ceased 
to  elongate,  the  mercury  was  allowed  slowly  to  rim  out  again.  The  curve  obtained 
is  shown  in  Fig.  34a.  The  abscissas,  tf  jt  and  y,  indicate  the  position  of  the 
_  writing  style  before  and  after  the  experiment,  and  we  observe  that  x^  is  lower  than 
■    o  jr,  so  that  the  recoil  is  imperfect.     There  lias  been  an  actual  elongation  of  the 
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muscle,  so  that  the  limit  of  its  elasticity  is  exceeded.  Although  a  frog's  gastroc' 
nemiiis  may  be  loaded  with  1500  grammes  without  nipturing  it,  100  grammes  will 
prevent  its  regaining  its  original  length.] 

Method. — In  order  to  test  the  elasticity  of  a,  musde,  fix  it  to  n  support  prorided  with  k 
graduated  scale,  and  to  the  lower  rnd  of  the  muscle  attach  a  scale  pan,  in  which  nre  placed  various 
wdghts,  measuring  on  each  occasiou  the  corresponding  elongation  of  the  muscle  thereby  ofataioed 
{Ed.  fyeitr).  Id  order  to  obtain  the  curve  of  elongation  or  extensibility  take  as  abscisssc  the 
successive  nnils  of  weight  added,  and  the  elongpition  corresponding  to  each  weight  ai  ordinates. 
Example  from  the  hyoglossus  of  the  frog  : — 


Weight  tn  GruincB. 

Lcrtglh  or  the  Musck 
in  M  iUiiEictrd. 

ExtauicxL 

la  MiDlHtetiei. 

Pert  en  U|^ 

0-3 

1-3 

3-3 

3S 
4-3 
5-3 

24.9 
30.0 

3a-3 
33-4 
34.2 
34.6 

5' 

2-3 

t.I 

0.8 
0.4 

ao 

r 
3 

z 
1 

The  elasticity  of  passive  muscle  is  sma//,  but  v^ry  compiete,  and  is  com- 
parable to  that  of  a  caoutchouc  fibre.  Small  weights  greatly  elongate  the  muscle. 
If  the  weights  be  uniformly  increased,  there  is  not  a  uniform  elongation  ;  with  equal 
increments  of  weight,  the  greater  the  load,  the  increase  in  elongation  always  becomes 
less;  or,  to  express  it  in  another  way,  the  amount  of  elasticity  of  the  jjassive  muscle 
incrcast?s  with  its  increased  extension  {Etl.   Weber"). 

In  inorganic  bodies,  the  curve  of  extension  is  a  straight  line,  but  in 
organic  bodies,  it  more  closely  resembles  a  hyperbola  i^Wtrtkeim),  The 
elasticity  of  a  \as&\s^  faiigued  muscle  does  not  differ  essentially  from  that  of  a  non- 
fatigued  muscle. 

Muscles  in  the  living  body,  and  still  in  connection  with  their  nerves  and  blood  vcMeU,  Are  more 
extensible  than  excised  ones.  Moscles,  when  <|uite  fresh,  are  elongated  (within  certain  tmall  limits 
as  regards  the  weight)  at  first  with  a  unirorml/  increasing  weight,  to  an  extent  proportional  to  the 
latter,  ja-vi  as  with  an  inorganic  Ixxly.  When  heavy  we^ts  are  uicd,  we  mast  be  careful  to  take 
into  consideration  the"  elastic  a/ier-eff'ttt''  [l  65). 

Ttie  volume  of  a  stretchnl  muscle  is  slightly  lest  than  an  unstrdched  one,  umilar  to  the  con- 
tracted ($  297,  a)  and  sliffenc-d  muscle  (g  295). 
-  V  P|;fd  muM^lepi  and  muscli^  in   n^'or  mortis  liave  greater  elasticity,   i.e.,  they  require  a  heavier 
weight  to  stretch  them  than  fresh  muscles ;  but,  on  the  other  hand,  thr  cta-^icity  of  dead  roubles  is 
less  complete,  i.e.,  after  they  are  stretched,  they  only  recover  their  original  form  within  certain  limits. 

Elasticity  of  Intact  Muscles. — Normally,  within  the  body,  the  muscles  are 
strelchixl  to  a  very  slight  extent,  as  can  be  shown  by  the  slight  degree  of  retraction 
which  occurs  when  the  insertion  of  a  mtiscle  is  divided.  This  slight  degree  of 
extension,  or  stretching,  is  important.  If  this  were  not  so,  when  a  muscle  is  about 
to  contract,  and  b>efore  it  could  act  upon  a  bone  as  a  lever,  it  would  have  to  '*  take 
in  so  much  slack.**  The  elasticity  of  muscles  is  manifested  during  the  contrac- 
tion of  antagonistic  muscles.  The  position  of  a  passive  limb  depends  upon  the 
resultant  of  the  elastic  tension  of  the  different  muscle  groups. 
'f  ^ThC  e?P^*i^i^y  °f  ^"  active  muscle  is  less  than  that  of  a  passive  muscle, 
'/.  e.,  it  is  elongated  by  the  same  weight  to  a  greater  extent  than  a  passive  muscle. 
For  this  rea.son,  the  active  muscle,  as  can  be  shown  in  an  excised  contracted 
mtiscle,  is  softer;  the  apparently  great  hardness  manifested  by  stretched  contracted 
muscles  depends  upon  their  tension.  When  the  active  muscle  becomes  fatigued, 
its  elasticity  is  diminished  C§  304). 

Method. — Ed.  Weber  took  the  hyoglossus  muscle  of  a  frog  and  suspended  it  vertically,  notidng 
its  length  when  it  was  passive.     It  was  then  tetanizcd  with  indnction  shocks  and  its  height  agfia 
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E)at  after  the  other  hcsvier  wdghts  were  attached  to  it,  and  the  length  of  the  passive  uid 
muscle  obfierved  for  each  weight.  The  extent  to  which  (he  active  loaded  muscle  shortened 
from  the  poHlion  of  the  passive  loaded  muscle  he  called  the  "  height  of  the  lift  "  (or  "  Hublidhe"). 
The  latter  becomefi  le&s  as  the  weight  incrrascs,  and  lastly,  tlie  tetaniied  miiKle  may  he  so  loaded 
that  it  cannot  contract,  i.  r.,  the  hciglit  of  ihc  lift  is  =  o. 

Weber's  Paradox. — The  caM!  may  occur  where,  when  a  muscle  b  so  loaded  that  it  cinnot  con- 
tract when  it  is  ftimulated,  it  may  even  elongate.  According  to  Wundt,  even  in  this  condition  the 
elasticity  is  not  changed.  [The  u.sual  explanation  given  i.s  tliat,  as  the  elasticity  of  a  ntusclc  in  dimin* 
ished  during  contraciion,  it  U  more  extended  with  the  same  weight  in  the  contracted  as  comiHired 
with  the  pas&ive  or  uiicoatmcted  state,  so  tliat  a  heavily- weighted  miucle,  when  stimulated,  may 
elongate  instead  of  shorten.]  According  to  Wundt,  however,  a"i  slated,  there  Is  no  change  in  the 
elasticity  of  the  muscle.     In  these  ex|>erimenl«,  the  length  of  the  active  loaded  muscle  Is  c([ual  to  the 

•  length  of  the  passive  muscle  when  similarly  loaded,  minus  the  *'  height  of  ihc  lift." 
Poisons. — Potash  causes  shortening  of  a  muscle  with  simultaneous  increase  of  its  elaslicUy. 
D^italin  produces  other  cbangeii  with  increased  elasticity.  FhyMMtigmin  incrca&cs  it,  while  veratrin 
diminishes  it.  and  inlerfere»wiTh  its  completeness  {RffishiitA  ami  v.  Anrfp),t.TiA  tannin  makes  a  muscle 
Ie9>8  extensible,  but  more  elastic  {Lrvin).  Ligature  of  the  blood  vessels  produces  at  6rst  a  decrease, 
and  then  an  increase,  of  the  claniicity;  section  of  the  motor  nerve  diminishes  the  elasticity  (f.  j4»r^) ; 
heat  iocrcKies  it. 

Eldiiard  Weber  concluded  from  his  e.xperimenL>>  that  a  muscle  a«.5ume9  two  forms,  the  active  and 
the  passive  form.  Each  of  these  corresponds  to  a  specinl  nniuial  form.  The  passive  muscle  is  longer 
and  thinner — the  active  is  shorter  and  thicker  in  form.  The  jW-i^ive  as  weft  as  the  active  mu&cte 
strives  to  retain  its  form.  If  the  pawive  mu.«;cle  lie  set  into  activity,  the  paisivc  rapidly  changes  into 
the  active  form,  in  virtue  of  its  elastic  force.  'Ihe  tatto-  is  the  energy  which  caw>e.<>  muscular  work. 
Schwann  compared  the  force  of  an  active  muscle  to  a  long,  elaAtic,  tense  8|>iral  sirring.  ]k)th  can 
lift  the  greatest  weight,  only  irom  that  form  in  which  they  arc  most  stretched.  The  more  ihcy 
shorten,  the  less  the  weight  which  thej-  can  lift. 

[Uses  of  Elasticity. — As  already  pointed  out,  all  muscles  are  slightly  on  the 
stretch,  so  that  no  lime  is  lost  nor  energy  wasted,  in  *'  taking  in  slack,"  as  it  were ; 
but  the  elasticity  also  lessens  the  shock  of  the  contraction,  so  that  it  is  developed 
gradually,  and  muscles  are  not  liable  to  be  torn  from  their  attachments.  The 
muscular  energy  is  transmitted  to  the  mass  to  be  moved  through  an  elastic  and 
easily  extensible  body  (muscle),  whereby  the  shock  due  to  the  contraction  is 
lessened,  but,  as  Marey  has  shown,  the  amount  of  work  is  thereby  considerably 
increased.] 

[Tonicity  of  Muscle  ({  362') — Sensibility  of  Muscle, — That  muscles  contain  sensory  fihra 
is  certain  ({  A30).  Section  of  inRamed  musctcii  is  painful,  and  during  mu-scular  cramp  intense  pain 
isfdt.  Sachs  discharged  a  rctlex  action  by  stimulating  the  central  end  of  an  intra -muscular  nen'e 
filament  in  a  frog,  while  *»timulaiion  of  the  central  end  of  the  phrenic  nerve  raises  the  blood  pressure 
(iVMJ«-M/ar  Sane.  J  430^] 

302.  FORMATION  OF  HEAT  IN  AN  ACTIVE  MUSCLE.— < 
After  Bunzen,  in  1S05  (^  209,  i,  d),  showed  that  during  muscular  activity  heat  is 
evolved,  v.  Hclmholtz  proved  that  an  exciseii  hog's  muscle,  when  Utanized  ioi  Xvio 
iQ  three  minutes,  exhibited  an  increase  of  its  temperature  of  0.14'  too.  18*  C. 
R.  Heidcnhain  succeeded  in  showing  an  increase  of  o  001°  to  0.005°  C-  ^^"^  ^^^^ 
nn^U  contraction.^  The  heart  is  warmer  during  every  systole  {Many),  x  ^ 

[Method. — The  ri«e  in  temixralitre  of  a  ling's  mUKle  may  be  estimated  by  placing  the  two 
gastrocnanii  of  a  frog's  muscle  on  die  two  junctio&s  of  a  ihamoelcctric  pile,  connected  with  a  heat 
galvanometer.  t~>f  coun>e,  when  the  (wo  muscles  are  at  the  ^amc  tem)KTnture,  the  needle  of  the 
galvanometer  is  stationnrii- ;  but,  if  one  muscle  is  made  to  contract,  or  is  tetanized,  then  an  electrical 
Current  ii  set  up  which  deflects  the  needle  ($  20S,  B^  I.ujankow  has,  by  means  of  a  delicate  ther- 
tnometer  placed  between  the  thigh  muscles  of  a  dog,  estmiotcd  the  rise  of  temperature  under  diffcfcnt 
cooditions  of  the  muscle,  while  the  latter  was  still  in  n'/u  and  intact.] 

The  following  facts  have  been  ascertained  with  regard  to  the  development  of 
t\eat  :— 

1,  Relation  to  Work. — It  bears  a  relation  to  the  amount  of  work. 

(a)  If  a  muscle  during  contraction  carries  a  weight  which  extends  it  again 
^during  rest,  no  work  is  transferred  beyond  the  muscle  (§  300).  In  this  case  all 
the  chemical  potential  energy  during  this  movement  is  converted  into  heat. 
XJndtir  these  circumstances,  the  amount  of  heat  evolved  runs  parallel  with  the 
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f-  amount  of  work  done,/,  ^./itincreases^a^ ihc-load  and  the  height  increase  up  to  a 
maximum  point,  and  afterward  diminishes  as  the  load  is  increased.  The  heat  maxi- 
mum is  reached  with  a  less  load  sooner  than  the  worlc  maximum  i^Heidenhain). 

(b)  If,  when  the  muscle  is  at  the  height  of  its  contraction,  the  haJ  ht  rftmn'etf, 
then  the  muscle  has  produced  work  referable  to  something  outside  itself;  in  this 
case  the  amount  of  heat  produced  is  less  {A.  Fick).  The  amount  of  work  pro- 
duced, and  the  diminished  amount  of  heat  formed,  when  taken  together,  repre- 
sent the  same  amount  of  energy,  corresponding  to  the  law  of  the  conservation  of 
energy. 

(c)  If  the  same  amount  of  work  is  performed  in  one  case  by  many  but  small 
contractions,  and  in  another  by  fewer  but  larger  contractions,  then,  in  the  latter 
case,  the  amount  of  heat  is  greater  {NeiUenhain  ami  NawaiUhifi).  'I'his  shows 
that  larger  contractions  arc  accompanied  by  a  retatively  greater  metabolism  of  the 
muscular  substance  than  small  contractions,  which  is  in  harmony  with  practical 
experience  ;  thus  the  ascent  of  a  tower  with  steep  high  steps  causes  fatigue  more 
rapidly  (metabolism  greater)  than  the  ascent  of  a  more  gentle  slope  with  lower 
steps. 

(d)  If  the  weighted  muscle  executes  a  scries  of  contractions  one  after  the  other, 
and  at  the  same  time  does  work,  then  the  amount  of  heat  it  produces  is  greater 
than  when  it  is  tetanic,  and  keeps  a  weight  suspended.  Thus,  the  transition  of  the 
muscle  into  a  shortened  fonn  causes  a  greater  production  of  heat  than  the  mainten- 
ance of  this  form. 

a.  Relation  to  Tension. — The  amount  of  heat  evolved  depends  upon  the 
tension  of  the  nmuU ;  it  also  increases  as  the  muscular  tension  increases  {Heiden- 
hain).  If  the  ends  of  a  muscle  be  so  fixed  that  it  cannot  contract,  the  maximum 
of  heat  is  obtained  {Biciard),  and  this  the  more  quickly  the  more  rapidly  the 
stimuli  follow  each  other  {Pick).  Such  a  condition  occurs  during  tetanus,  in 
which  condition  the  violently  contracted  muscles  oppose  each  other,  and  very 
high  temperatures  have  been  registered  by  Wunderlich  (^§  213,  7),  while  the  same 
is  true  of  animals  that  are  tetanized  {Leyden).  Dogs  kept  in  a  state  of  tetanus  by 
electrical  stimulation  die,  because  their  temperature  rises  so  high  (44"  to  45®  C.) 
that  life  no  longer  can  be  maintained  {Hichct),  In  addition  to  the  formation  of 
heat,  there  is  a  considerable  amount  oi  acid,  and  of  alcoholic  extractives  produced 
in  the  muscular  tis'iue. 

3.  Relation  to  Stretching. — Heat  is  also  evolved  during  the  elongation  or 
relaxation  of  a  contracted  mul^cle,  e.  g.j  by  causing  a  muscle  to  contract  without 
the  addition  of  any  weight,  and  loadinfj  it  when  it  begins  to  relax,  whereby  heat 
is  produced  (Stetner,  Sc/imu/r7vitscA,  and  IVestcrrnan).  If  weights  be  attached  to  a 
muscle  by  means  of  an  inextensible  medium,  and  the  weights  be  allowed  to  fall 
from  a  height  so  as  to  give  a  jerk  to  the  muscle,  then  an  amount  of  heat  equivalent 
to  the  work  done  by  the  drop,  is  set  free  in  the  muscle  {Fick  and  DaniUwsky). 

4.  The  formation  of  heat  diminishes  as  the  muscular  fatigue  increases. 

5.  In  a  muscle  duly  supplied  with  blood,  the  production  of  heat  (as  well  as  the 
mechanical  work)  is  far  more  active  than  in  a  muscle  whose  blood  vessels  are 
ligatured  or  its  blood  stream  cut  off.  Recovery  takes  place  more  rapidly  and 
completely  after  fatigue,  while,  at  the  same  time,  there  is  a  new  increase  in  the 
production  of  heat  {Meade  Smith), 

The  amount  of  work  and  hrat  b  a  muscle  niu<it  always  con-espond  to  the  tmnBfonnation  of  us 
equivalent  amount  of  chemical  energy.  A  greater  put  of  this  energy  is  manifested  u  work,  the 
greater  the  reMStance  ihnt  is  ofTered  to  the  musculnr  contraction.  When  the  resistance  b  great,  }4  ^^  ^^ 
chemical  energy' iiuy  tx  manifested  as  work,  bitit  when  il  i^  small,  only  a  small  [kart  of  it  ia no conveTtc<d. 

It  was  staled  that  a  nerve  in  action  is  j^°  C.  warmer  (  i'alentin),  but  this  i-<  denied  by  v.  Helm- 
faolli  and  Hcidcnhain. 

In  man,  if  the  muscles  tw  stimulated  with  electricity  or  contracted  voluntarily,  the  i>rodt)ction  of 
heat  may  be  detected  throug^h  the  skin  (i'.  Ziemsstn).  The  venous  blood  flowing  from  on  actively 
contracting  muscle  is  0.6^  C  warmer  than  the  arterial  blood  [MeaJt  Smith). 
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303.  THE  MUSCLE  SOUND.— When  a  muscle  contracts,  and  is  at  Ihe 
same  time  kept  in  a  state  ot  tension  by  the  application  of  sufficient  resistance,  it 
emits  a  distinct  sound  or  tone  with  a  semi-musical  quality,  depending  upon  the 
intermittent  variations  of  tension  occurring  within  il  {WoUas/ori). 

Methods. — The  muscle  sound  may  be  heard  by  pluciii;^  the  ear  over  the  letnniciLlly  controcted  and 
10I5C  bicejM.  of  (mother  povm ;  or  we  may  inserl  the  tip*  of  oar  index  fingers  into  our  eon,  and  forci- 
bly contract  the  muficles  of  our  nan;  or  the  sound  of  theniuscle&  that  cln&c  the  jaw  may  l>e  heard  by 
forcibly  contracting  them,  csptciallv  at  night  when  all  is  still,  and  when  the  outer  eai*  are  closed,  v. 
Hdmbc-lt^  found  thnt  this  tone  coincides  with  the  rc*oiiaucc  lone  of  theeur,  and  he  thought  ihnt  the 
ribralioni  of  the  muscles  caused  lliis  resonance  tone.  The  sound  of  an  isolated  frog's  muscle  may  lie 
beard  by  placing  one  end  of  a  rod  in  the  ear.  Ihc  other  ear  being  closed.  To  the  otlicr  end  of  the 
rod  is  attachcri  a  loaded  lirog's  muscle  kept  in  a  tetanic  condition.  The  pitch  of  Ihc  note,  1./  .  the 
nmnbcr  of  vibrations  may  be  estimated  by  comparing  the  muitcle  sound  with  that  produced  by  elastic 
springs  vibrating  ai  a  known  rale. 

When  a  muscle  contracts  voluntarily,  i*.  t,,  through  the  will,  it  makes  19.5 
vibrations  per  second.  [Schafer  and  others  give  the  number  as  10  successive 
nervous  impulses  per  second,  p.  535.]  We  do  not  hear  this  very  low  tone,  owing 
to  the  number  of  vibrations  per  second  being  too  few,  but  what  we  actually  hear 
is  the  first  over-ione^  with  duuble  the  number  of  vibrations.  >  Tlie  muscle  sound 
has  19.5  vibrations,  when  the  muscles  of  an  animal  are  caused  to  contract,  by 
stimulating  its  spinal  cord  (v.  Helmholtz),  and  also  when  the  motor  nerve  trunk  is 
excited  by  chemical  means  {Bernstein).  If,  however,  tetanizing  induction  shocks 
be  applied  to  a  muscle,  then  the  number  of  vibrations  of  the  muscle  sound  cor- 
responds exactly  with  the  number  of  vibrations  of  the  vibrating  spring  or  hammer 
of  the  induction  apparatus.  Thus,  the  tone  may  be  raised  or  lowered  by  altering 
the  tension  of  the  spring. 

Lorin  found  that  the  muscle  sound  was  loudest  when  the  weakest  currents  capable  of  producing 
tetanus  were  employed.  'Ilie  sound  corresponded  to  the  number  of  vibrations  of  the  octave  ja:tt  liclow 
it  in  the  scale.  With  «itronger  currents  the  muMzIe  .<iound  dUappears,  Iml  it  reappears  with  the  same 
number  of  vibralions  as  that  of  the  interrupter  of  the  induction  a|)paraiu&,  if  -still  stronger  currcDts 
arc  used. 

If  the  induction  shocks  be  applied  to  the  nerve,  the  sound  is  not  so  loud,  but 
it  has  the  same  number  of  vibrations  as  the  interrupter.  With  rapid  induction 
shocks,  tones  caused  by  704  {Loviti)  and  1000  vibrations  per  second  have  been 
produced  {^Bernstein). 

The  first  heart  sound  is  partly  muscular  (§  53). 

'A  ciiwle  induction  shock  is  said  to  cause  the  muulc  sound  in  a  conlrocting  miLscte.  If  thLt  be  so, 
il  is  doubtful  if  the  muscle  sound  con  be  regarded  as  a  sign  that  tetanus  is  due  to  a  series  of  single 
variations  of  the  mu-sclc  (^  29K,  III). 

304.  FATIGUE  AND  RECOVERY  OF  MUSCLE.— Fatigue.— By 

the  term  fatigue  is  meant  that  condition  of  diminished  capacity  for  work  which  is 
produced  in  a  muscle  by  prolonged  activity.  This  condition  is  accompanied  in  the 
living  person  with  a  peculiar  feeling  of  lassitude,  which  is  referred  to  the  muscles. 
A  fatigued  muscle  rapidly  recovers  in  a  living  animal,  but  an  excised  muscle 
recovers  only  to  a  slight  extent  {^Kd,   IVeber,  VaUntin). 

niS'ailer  recognires  a  certain  resemblance  betwe«i  experimental  fatigue  and  the  natural  decline  of 
eiatobtlity  at  death,  in  discaiie,  and  in  poisoning.] 

The  cause  of  fatigue  is  probably  partly  due  to  the  accumuhtion  of  decomposition 
products — *'  fatigue  stuffs  " — in  the  muscular  tissue,  these  products  being  fanned 
within  the  muscle  itself  during  its  activity.  They  ^xq phosphoric  acid^  either  free 
or  in  the  form  of  acid  phosphates,  acid  potassium  phosphate  (§  294),  glycerin -phos- 
phoric acid  (?)  and  CO,.  If  these  substances  be  removed  from  a  muscle,  by  pass- 
ing through  its  blood  vessels  an  indifferent  solution  of  common  salt  (0.6  percent.), 
or  a  weak  solution  of  sodium  carbonate  [or  a  dilute  solution  of  permanganate  of 
potash  {Kronecker)"],  the  muscle  again  becomes  capable  of  energizing  (y.  Ranke^ 
35 
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1863).  The  using  up  of  O  by  an  active  muscle  favors  fatigue  (».  Peiienkofer  and 
V.  Voit).  The  transfusion  of  arterial  blood  (not  of  venous — BUhat )  removes  the 
fatigue  {Ranke,  Kroncck^r),  probably  by  replacing  the  substances  that  have  been 
used  up  in  the  muscle.  Conversely,  an  actively  energizing  muscle  may  be  rapidly 
fatigued  by  injecting  into  its  blood  vessels  a  dilute  solution  of  phosphoric  acid,  of 
acid  potassium  phosphate,  or  dissolved  extract  of  meat  (^Kcmmerich),  A  muscle 
fatigued  in  this  way  absorbs  less  O,  and  when  so  fatigued,  it  evolves  only  a  small 
amount  of  acids  and  COj.  The  conditions  which  lead  up  to  fatigue  are  connected 
with  considerable  metabolism  in  the  muscular  tissue. 

[Zabludownkt  found  that  if  a  frog's  mtisclcs  besy^teuudically  siimulatcd  bymuimum  indactioa 
shocks  until  they  cease  to  contract,  massage  or  knendint;  therm  rapidly  restored  their  excitability, 
while  trimplc  rest  had  little  effect.  Matsoge  acts  od  the  nerves,  but  chiefly  l^y  favoring  the  blood  and 
lymph  Mrenms  which  wash  out  (he  waste  product:}  from  the  muscle.  A  similar  result  obtains  tn  man, 
so  that  the  aiicicnt  Komnn  practice  of  "  rubbti^  "  after  a  bath  and  after  exercise  was  one  condociire 
to  restoration  of  the  power  of  the  muscles.] 

Modifying  Conditions. — In  order  to  obtain  the  same  amount  of  work  from  a 
fatigued  muscle,  a  much  more  powerful  stimulus  must  be  applied  to  it  than  to  a  fresh 
one.  A  fatigued  muscle  is  incapable  of  lifting  a  considerable  load,  so  that  its 
absolute  muscular  force  is  diminished.  If,  during  the  course  of  an  experiment,  an 
excised  muscle  be  loaded  with  the  same  weight,  and  if  the  muscle  be  stimulated  at 
regular  intervals  with  maximal  stimuli  (strong  induction  shotlks),  contraction  after 
contraction  gradually  and  regularly  diminishes  in  height,  the  decrease  being  a 
constant  fraction  of  the  total  shortening.  Thus  the  fatigue  cun'c  is  represented  by 
a  straight  line  [/'.  e.,  a  straight  line  will  touch  the  apices  of  all  the  contractions]. 
The  more  rapidly  the  contractions  succeed  each  other,  the  greater  is  the  fall  in  the 
height  of  the  contraction  [/.  e.,  if  the  interval  between  the  contractions  be  short, 
the  fatigue  curve  falls  rapidly  toward  the  abscissa],  and  conversely.  After  a  cer- 
tain number  of  contractions,  an  excised  muscle  becomes  exhausted. 

This  result  occurs  whether  the  stimuli  are  applied  at  short  or  long  intervals 
(A><»«/(^'4'^r),  and  a  similar  result  is  obtained  with  sub-maximal  stimuli  (7>y^^/). 
A  fatigued  muscle  contracts  more  slowly  than  a  fresh  one,  while  the  latent  period 
is  also  longer  during  fatigue  (p.  529).  The  fatigued  muscle  is  said  to  be  more 
extensible  {Doruiers  and  van  MansveW),  If  a  muscle  be  so  loaded  that,  when  it 
contracts,  it  cannot  lift  the  load,  fatigue  occurs  even  to  a  greater  extent  than  when 
the  load  is  such  that  the  muscle  can  lift  it  {Lebery  The  metabolism  and  the  for- 
mation of  acid  are  greater  in  a  contracted  muscle  kept  on  the  stretch,  than  in  a 
contracted  muscle  allowed  to  shorten  {ffeidenhain).  If  a  muscle  contract,  but  be 
not  required  to  lift  any  load,  it  becomes  fatigued  only  very  gradually.     If  a  muscle 

be  loaded  only  during  contraction, 
Fio.  343.  and    not    during    relaxation,   it    is 

fatigued  more  slowly  than  when  it  is 
loaded  during  both  phases ;  and  the 
same  is  true  when  a  mtiscle  has  to  lift 
its  load  only  during  the  eaittseoi  its 
contraction,  instead  of  at  the  begin- 
ning of  the  contraction.  Ix>ads  may 
be  suspended  to  jjcrfectly  passive 
muscles  without  fatiguing  them  (//or- 
less,  Leber). 

[Signs  of  Fatigue  (Fig.  343)--- 
In   the  record  of  the  series  of  con- 
tractions: (i)  the  contractions  be- 
come  more   prolonged ;     (2)   they 
decrease  in  height  j  C3)  the  latent  period  becomes  longer;  (4)  if  maximal  shocks 
be  tised,  the  beginning  of  the  series  exhibits  a  "  staircase  "  character  of  its  con- 
tractions, just  like  the  heart  [§57).] 


Fxticuc  cam  at  «  (rof'>  muscle.  The  »ciatk  v^m  was 
■timuUtcd  «Hlh  maximal  induction  thocVs  Rttd  every 
fifteenth  contnctioa  recoTcled  (Siirh'ng). 
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[While  on  excised  frog's  muscle  i.*^  fairly  rajiidly  exhausted  by  single  o|iening  induction  shocks, 
«t  intervals  of  one  second,  human  muscle  in  its  nonnal  retntion.s  may  be  almost  iiidetinUcly  so 
treated,  snd  ibere  t&  no  cliangt:  in  the  record  or  ntiy  ^cnsalJOD  of  fatigue.  Walltrr  records  this  as 
^voring  the  view  that  Ihe  '*  fatigue  consequent  upon  prolonged  muscular  exertion  is  nonnalty  central 
rafher  than  peripheral."  Such  results,  however,  do  not  harmonize  with  those  of  Zoblutlowslu  on  the 
kneading  of  moMrles,  or  masMge.     Probably  there  are  two  factonit,  one  ceninti,  the  other  peripheral.] 

Blood  Supply. — If  the  arteries  of  a  mammal  be  ligiuurcd,  stimulation  of  the  motornerves  produces 
complete  fatigue  after  1 20 to  240  contractions  (in  twotu  four  minutes],  hut  direct  muscular  atimulatioa 
still  cau.sc5  1^  muscles  to  contract.  In  hoih  cases  the  fatigue  curve  is  in  the  form  of  a  straight  Uoe. 
If  the  blood  supply  to  a  mammalian  muscle  be  nurmnl,  on  stimulating  the  motor  nerve,  the  muscular 
contrmctions  at  first  increase  in  height  and  then  fall,  their  apices  forming  a  straight  line  {fiojibaeh  and 
/faHtne^k).  la  peraoiu  who  have  used  their  muscles  until  fatigue  sets  in,  it  is  found  that  at  the 
beifinning  the  nerves  and  muscles  react  tetter  to  galvanic  and  faradic  stimulation,  but  aAerword 
always  to  a  less  degree  [OrscJkaHiii'].  According  to  v.  Kries,  a  muscle  telanized  and  fat^ucd  with 
maximal  stimuli  bcbavei  like  a  fresh  muscle  tetaniied  with  suh-nmximul  xtimuH ;  both  show  an 
incomplete  iranMiion  from  the  passive  to  the  active  condition. 

[Relation  of  End  Plates, — Muscle  ii*  fatigued  far  more  rapidly  than  nerve,  anJ  the  fatigue 
begins  in  the  muscle  and  not  m  tlie  nerve,  and  it  seems  to  be  the  M'eakest  link  in  the  chain  between 
aerve  and  muscle  which  is  alTected  during  excessive  action,  viz.,  the  motor  end  plate  ( lVa!ler\.  In 
a  nerve  \\s  conduciiviiy  is  sooner  affected  by  fatigue  than  its  direct  excitability.  Waller  finds  that 
after  death  "the  eicitability  of  a  nerve  persists  when  its  action  upon  mtLscte  has  ceased,  such  muscle 
being  siill  excitable  by  direct  stimulation."  Some  link  in  the  chain  is  okviou&ly  aflected,  and  it  is 
perfaa[)S  the  end  plates.] 

[Action  of  Drugs  on  Fatigue. — Waller  finds,  in  a  frog  poisoned  with  veratrin,  that  if  the  muscles 
be  stimulated  electrically,  the  characteristic  elongation  of  the  deitcent  {\  298^  gradually  disappears, 

Fic  344. 


Curve*  obtained  by  direct  stimulailon  of  the  fast  roc  ncm  iu«  of  k  frog  poisoned  with  !>irychnin,  the  iciatic  nerve 
dlvliied  on  one  liile  (upper  curve)  And  not  on  the  other  (lower  or  fatigue  curve), 

bot  reappears  after  a  period  of  rest.  In  this  respect,  str^-chnin  in  its  action  on  the  spinal  cord  behaves 
precisely  the  same  as  veratrin  on  muscle,  vi?..,  its  effect  is  dissipated  by  action  and  restored  by  rest.] 
Cnrsra  and  the  ptomaines  cause  an  irregular  course  of  the  fatigue  curve  ( Guartschi  and  Mosto). 
[If  strychnin  be  injected  Into  a  frog,  and  the  sciatic  nerve  on  one  side  be  divided  after  Ihe  strychnin 
tetanus  has  lasted  for  a  time,  the  leg  muscles  of  the  side  with  the  nerve  undivided  exhibit  signs  of 
fatigue,  as  showo  by  direct  stinmtatiun  of  the  muscles  of  both  legs,  when  a  curve  similar  to  Fig.  344 
is  obtained.    The  higher  one  is  the  oon-faiigued,  the  lower  that  of  the  side  with  the  nerve  undivided 

Recovery  from  the  condition  of  fatigue  is  promoted  by  passing  a  constant 
tlectricai  current  through  the  entire  length  of  the  mu-sclc  {Ifcitienhain)^  also  by 
injecting  fresh  arterial  blood  into  its  blood  vessel,  or  by  very  small  doses  of  vera- 
trin [or  permanganate  of  potash],  and  by  rest- 

If  the  mwEcIe  of  an  intact  animal  be  stimulated  continuously  (fourteen  days  or  so),  until  complete 
fstigue  occurs,  the  muscular  tibres  become  granular  and  exhibit  a  wax-like  degeneration,  llie 
tnmsTCTSC  strialion  is  dill  visible  as  long  as  the  sarcoas  substance  i.s  in  Urge  masses,  but  as  soon  as  it 
breaks  up  into  small  pieces  the  trartsvcrse  striation  disappears  completely  [O.  Hoik). 

305.   MECHANISM   OF  THE   BONES   AND  JOINTS.—Bones 

exhibit   in   the  inner   architecture  of   their   spongiosa  an   arrangement  of  ihcir 
Uunellse  and  spicules  which  represents  the  static  results  of  those  forces — -pressure 
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and  traction — which  act  on  the  developing  bone  (Struclorc  of  Bone,  J  447)* 
They  arc  so  arranged  that,  with  the  rainimum  of  material,  ihcy  afford  the  greatest 
resistance  as  a  supporting  structure  or  framework  {ff.  v.  Mtytr,  Cu!maftn,/uf. 

miff\ 

I.  The  joint!  peimH  the  freest  movemenis  of  one  bone  upon  another  [such  as  extsl  betwetn  the 
extremities  of  the  bones  of  the  limbs.  In  other  cases,  siuurca  are  form*-<l,  which,  while  permitting 
no  movement,  allow  the  contents  of  ihecnviiy  which  ihey  surround  to  enlarge,  ns  in  the  citse  of  the 
cranium].  The  articular  end  of  a  fresh  bone  is  covered  with  a  thin  layer  or  pUlc  of  hyaline  carti- 
liigc,  which  in  virtue  of  its  elasjicity  moderates  any  shocks  or  impulses  communicated  to  the  lione^i. 
The  Kurfacc  of  the  articular  cartilage  h  perfectly  smooth,  and  facilitates  ao  ca&y  gliding  movement 
of  the  one  sorface  upon  the  other.  At  the  outer  boundary  hue  of  the  cartilage,  there  ii  fixed  the 
capsule  of  the  joint,  which  enclo<>es  the  articular  ends  of  the  booes  like  a  sac.  The  inner  surface  of 
the  c.ii»ute  is,  lined  by  a  synovial  membrane,  which  .vcrctei  the  «licky.  Mm!  fluid  synovia,  moisten- 
ing the  joint.  The  outer  surface  of  the  capsule  is  provided  at  various  parts  with  bands  of  6broas 
tishut,  some  of  which  strengthen  it,  while  other.-*  rtsirain  or  limit  the  movement  of  the  joint.  Some 
osseous  processes  limit  the  movements  uf  particular  joints,  e.  g.,  the  coronoid  process  of  the  ulna, 
which  permits  the  forearm  to  be  llexed  on  the  upper  arm  only  to  a  certain  extent ;  the  olecranoo, , 
which  prevents  over-extension  at  the  elhowjomt.  The  joint  surfaces  are  kept  in  apposition  (i)  by 
the  adhesion  of  the  synovia-covered,  smcxAh,  aiiicular  surface;  (2)  by  the  capsule  and  'MS  fibrous 
bamis;  and  ^3!  by  the  elaslic  tension  and  contraciioo  of  the  mu!«cles. 

[Structure  of  Articular  Cartilage. — The  thin  layer  of  hyaline  encnisting  cartilage  is  fixed  by 
an  irregular  surface  upon  Ihe  corrf:s|>onding  surface  of  the  head  of  the  bone  (Hg.  345)-  tn  a  ver- 
tical section  through  the  articular  cartilage  of  a  bone  which  ha^  been  softened  in  chromic  or  other 
suitable  acid,  we  observe  that  the  cartilage  cells  arc  llattcncd  near  the  free  .^iurfacc  of  the  cartilage, 
and  their  long  axes  arc  parallel  to  the  surface  of  the  joint ;  lowrr  down,  the  cells  arc  arranged  in 
irregular  groups,  and  further  down  still,  nearer  the  bone,  in  coluiims  or  rows,  whose  long  axis  is  in 
the  long  axis  of  the  bone.  These  rows  are  produced  by  transverse  cleavage  of  preexisting  celb.  In 
the  upper  two-lhtrds,  or  thereby,  the  matrix  of  the  cartilage  is  hyaline,  but  in  the  lower  third,  near 

the  bone,  the  malrix  \-s  grnnular  and  sometimes  rvbrilloted.     Thi& 
FtG.  345.  is  the  calcified  2one,  which  is  impregnated  with  lime  salt^,  and 

sharply  delined  by  a  nearly  itrmght  line  from  the  hyaline   rone 
~^    ^  above  ii,  and  by  n  very  bold  wazy  line  from  the  osscou-i  head  of 

the  booe.l 

Synovial  Membrane. — Synovial  membrane  consists  of  bun- 
-  0  dies  of  delicate  connective  tissue  mixed  with  elastic  tissue,  while 

w     •'     .     ft  on  hs  inner  surfiice  it  '\s  provided  with  folds,  some  of  which  con- 

tain fat,  and  others  blood  vc*»eU  (synovial  villiV     The  inner 
suriacc   is   lined  with   en(b>thcliiim.      The  intracapsular    liga- 
—  W       W  %       Hyaline     menls  and  cartiUges  are  not  cavcrc<l  by  lite  »>ytiovial  invinbrane, 

(J)       ^   Is.f  |j    ^      cKtil«ge.    j,(,j.  jfj  ihcy  covered  by  endothelium.     The  synovia  is  a  color- 
^  less,  stringy,  alkaline  fluid,  with  a  chemical  composition  closely 

allied  to  that  of  transudations,  with  this  difTcrence,  that  it  con- 
tains much  mucin,  together  with  nibumin  and  traces  of  fiat. 
Excessive  movement  diminishes  its  amount,  makes  it  more  uispis- 
saled,  and  increases  the  mucin,  but  diminishes  the  salts. 

Joints  may  be  divided  into  several  classes,  accord- 
c^^*J^.  ing  to  the  kind  of  movement  which  they  permit ;  — 

I.  Joints  'xtnih  movmitnt  around  onc  aoru.'  (o)  The  Gin- 
glymuB,  or  Hinge  Joint. — The  one  articular  surface  represents^ 
a  portion  of  a  cyliudtr  or  sphere,  to  which  the  other  surface  is] 
adapted  by  a  corresponding  depression.  %o  that,  when  flexion  or 
extension  of  the  joint  takes  place,  it  moves  only  on  one  axis  of 
the  cylinder  or  sphere.  The  joinu*  of  the  fingers  and  toes  arc 
hbigc  joints  of  this  description.  Lateral  ligameiits,  which  pre- 
vent a  Intcral  displacement  of  the  articular  surfaces,  are  always 
present. 

The  Screw-binge  Joint  u  a  modification  of  the  .<iimple  hinge 
form   {Langer,   Henkt)^  f.  g.,   the   humero-ulnar  aniculaiiottii 
Strictly  speaking,  simple  flexion  and  extension  do  not  take  ptacal 
at  llie  elbow  joint,  but  the  ulna  moves  on  the  CJipitclkim  of  the  hamcnis  like  a  nut  on  a  bolt ;  in  the' 
right  humcru-s  Ihe  screw  is  a  right  spiral,  in  the  left,  a  left  spiral.     The  ankle  joint  is  another  cmani 
pie ;  the  nut  or  female  screw  is  the  tibial  surface,  the  right  joint  is  like  a  left-haiMded  screw,  ibe  left 
the  reverse.     (*)  The  Pivot  Joint  (routoriaj.  with  a  cylindrical  sur&ce,  e.  g^  the  joiol  between 
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th«  Btlas  and  the  axis,  the  axis  of  rotation  being  around  the  odontoid  process  of  the  axis.  In  the 
acts  of  proaation  and  supination  of  the  (oreann  al  the  clltow  joint,  the  axis  of  rotation  is  from 
the  middle  of  the  cotyloid  cavity  of  the  head  of  the  radius  to  the  styloid  process  of  the  ulna.  The 
other  joints  which  O'^sist  in  these  movements  are  ahovt  the  joint,  l>etween  the  circumferential  part  of 
the  head  of  the  radius  and  the  sigmoid  cavity  of  the  ulna,  and  ibelcw  the  joint,  between  the  sigmoid 
cavity  of  the  radius  which  moves  over  the  rounded  lower  end  of  the  ulna. 

t.  Jointi  with  mm'tments  around  two  «xii.-~~[}i)  Such  joints  have  two  unequally  curved  surfaces 
which  intersect  each  other,  but  which  lie  in  the  same  direction,  ^.^.,  the  atlantooccipiial  joint,  or  the 
wrist  jomi,  at  which  Literal  movemeiil-s  as  well  as  flexion  and  extension,  take  place.  {b\  Joints  with 
curved  surCices,  which  intersect  cnch  nth er,  but  which  do  not  lie  in  the  Kumc  direction.  To  this 
group  belong  the  saddle  shaped  articulations,  whose  surface  is  concave  in  one  direction,  but  convex 
iu  the  other,  r^',.  the  joint  lictween  lite  metacarpal  bone  of  the  thumb  aud  the  trapezium.  The 
chief  movements  are  (ij  flexion  and  extension,  (3)  abtlucrtion  and  adduction.  Further,  to  a  limited 
degree,  movement  is  po&sthle  in  all  other  directions;  and,  lastly,  a  pyramidal  movement  can  be 
described  by  the  thumb. 

^  Joint f  with  movemenf  on  a  spiral  artitular  mr/ace  {spiral  joints)),  e.g.,  the  knee  joint 
[GooJsir).  'l"hc  Condyle  of  Ihe  femur,  curved  from  before  backward,  in  the  ante n> posterior  kc- 
tjon  of  ill  articular  surrace,  repiesents  a  sf-iral  {EJ.  lye&er),  whose  centre  lies  nearer  the  posterior 
part  of  the  condyle,  and  whose  radium  vector  increases  from  behind,  downward  and  forward .  Hexioo 
and  eateniiion  are  the  chief  movements.  The  strong  lateral  ligaments  arise  from  the  condyles  of  the 
femur  corresponding  to  the  centre  of  the  spiral,  and  are  inserted  into  the  bead  of  the  fibula  and  inter- 
nal condyle  of  the  tibia.  When  the  knee  joint  in  strongly  flexed,  the  lateral  ligaments  are  relaxed^ 
they  become  tense  as  the  CKlension  increases;  and  when  the  knee  joint  is  fully  extended,  they  act 
finite  like  tense  bands  which  iiiccurt:  the  Interal  fixation  of  the  joint.  CorreS]>onding  to  the  spiral  form 
of  the  articular  surface,  (lexion  and  extension  do  not  take  place  around  <>»«  axi^,  but  the  axis  moves 
continually  with  the  puint  of  contact ;  the  axis  moves  aUu  in  a  spiral  direction.  The  };rcatcst  flexion 
and  extension  cover  an  angle  of  aliout  145°.  The  anterior  cnitial  Itgontent  is  more  tense  during 
extension,  and  acts  as  a  check  ligament  for  too  great  extension,  while  the  posterior  is  more  tense  during 
flexion,  and  is  a  check  ligament  for  too  great  flexion.  Tlie  movements  of  extension  and  flexion  at  the 
knee  are  further  complicated  by  the  fact  that  the  joint  bas  a  screw-ltke  movement,  in  that  during  the 
grcaier  extension  the  leg  moves  outward.  Hence,  the  thigh,  when  Uie  leg  is  fixed,  must  be  rotated 
outward  during  Hexion.  Pronation  end  suiiination  take  place  duringthe  greatest  flexion  to  the  extent 
of  41*"  {Ali-trt)  at  the  knee  joint,  while  with  the  greatest  extension  it  is  nil.  It  occurs  because 
the  exlpmal  condyle  of  the  tibia  rotates  on  the  inlemxi.  In  all  positions  during  flexion  the 
crucial  ligaments  are  fairly  and  uniformly  tense,  whereby  the  articular  surfaces  are  against  each 
other.  Owing  to  their  arrangement,  daring  increasing  tendon  of  the  anterior  ligament  (exten- 
son),  the  condyles  of  the  femur  must  roll  nK>rc  on  to  the  anterior  part  of  the  articular  surface  of 
the  tibia,  while  by  increajiing  tension  of  the  posterior  ligament  (flexion),  they  must  pass  more 
backward. 

4.  Joimts  with  the  axis  of  rotation  round  one  fixed  point. — Tlicse  are  the  freely  movaWe 
aithrodial  joints.  The  movements  can  take  place  around  innumerable  axes,  which  all  intenicct 
each  other  in  the  centre  of  rDlatioii.  One  articular  surface  is  nearly  spherical;  the  other  is 
cup-«hapcd.  The  bliouldcr  and  bip  joints  are  typical  "  balland-aocket  joints."  \Vc  may 
represent  Ihe  moveinent<t  as  taking  place  around  three  axes,  intersecting  each  other  at  right 
angles.  The  movemciit.-i  which  can  Iw  performed  at  these  joints  may  be  grouped  as:  (i)  pcndu- 
Inm-like  movements  in  any  plane,  (2)  rotation  round  the  long  axis  of  the  limb,  and  (3)  circum- 
scribing movements  [circumduction],  s>uch  as  are  made  round  the  circumference  of  a  sphere; 
the  centre  is  in  the  point  of  rotation  of  the  joint,  while  the  circumference  is  described  by  the  limb 
itself. 

Limited  artbrodial  joints  are  ball  ynnis  with  hmiie<l  movements,  and  where  rotation  on  the 
long  axis  is  wanting,  e.  ;-.,  ihc  metacarpophalangeal  joints. 

5.  Rigid  joints  or  amphtarthroaea  arc  characterired  by  the  fact  that  movement  may  occur  in 
all  directions,  but  only  to  a  very  limite<l  extent,  in  consequence  of  the  tough  and  unyielding  externa] 
ligaments.  Both  articular  surfaces  are  usually  about  the  same  size,  and  are  nearly  plane  surfaces, 
r.^.,  the  articulations  of  the  car()al  and  the  tarsal  Ikjocs. 

IZ.  Symphyses,  synchondroses,  and  syndesraoses  unite  bones  without  the  formation  of  a 
proper  articular  cavity, are  movable  in  all  direciiotu,  hut  only  to  the  slightest  extent.  Physiologically 
they  are  closely  related  to  arophiarlhrodial  joints. 

Itl.  Sutures  uniic  bones  without  permitting  any  movement.  The  physiological  importance  of 
the  mture  \s  that  the  bones  can  s-tilt  grow  at  their  edges,  which  thus  rendeni  possible  the  distention 
of  the  cavity  cnclo«cd  by  the  bones  {,Uerm.  v.  Meyer), 

306.  ARRANGEMENT  AND  USES  OF  MUSCLES.— The  muscles 
form  45  per  cent,  of  the  total  mass  of  the  body,  those  of  the  right  bide  being 
heavier  than  those  on  the  left.  Muscles  may  be  arranged  in  the  following  groups, 
as  far  as  their  mechanical  actions  are  concerned  : — ■ 
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A.  Muscles  without  a  definite  origin  and  insertion  : — 

1.  The  hollows  muscles  siirrovinding  globular,  oval,  or  irregular  cavities, 
such  as  the  urinary  bladder,  gall  bladder,  utems,  and  hearl ;  or  the  walls  of 
more  or  le&s  cylindriiial  canals  (intestinal  tract,  muscular  gland  ducts,  ureters. 
Fallopian  tubes,  vaisa  deferentia,  blood  vessels,  lyraphatics).  In  all  these  cases 
the  muscular  fibres  are  arranged  in  several  layers,  e-g.^  in  a  longitudinal  and  a 
circular  layer,  and  sometimes  also  in  an  oblique  layer.  All  these  layers  act 
together  and  thus  diminish  the  cavity.  It  is  inadmissible  to  ascribe  different 
mechanical  effects  to  the  different  layers,  e.g.^  that  the  circular  fibres  of  the 
intestine  narrow  it,  while  the  longitudinal  dilate  it.  Both  sets  of  fibres  rather 
seem  to  act  simultaneously,  and  diminish  the  cavity  by  making  it  narrower  and 
shorter  at  the  same  time.  The  only  case  where  muscular  fibres  may  act  in 
partially  dilating  the  cavity  is  when,  owing  to  pressure  from  without,  or  from 
partial  contraction  of  some  fibres,  a  fold,  projecting  into  Che  lumen,  has  been 
formed.  When  the  fibres,  necessarily  stretching  across  the  depression  thereby 
produced,  contract,  they  must  tend  to  undo  it,  /.  t.y  enlarge  the  cavity.  The 
various  layers  are  all  innervated  from  the  same  motor  source,  which  supports  the 
view  of  their  conjoint  action. 

2.  The  sphincters  surround  an  opening  or  a  short  canal,  and  by  their 
action  they  either  constrict  or  close  it,  e.g.^  sphincter  pupiltfe,  palpebrarum,  oris, 
pylori,  ani,  cunni,  urethrje. 

B.  Muscles  with  a  definite  origin  and  insertion: — 

1.  The  origin  is  completely  fixed  when  the  muscle  is  in  action.  The 
course  of  the  muscular  fibres,  as  they  pass  to  where  they  are  inserted,  permits 
of  the  insertion  being  approximated  in  a  straight  line  toward  their  origin 
during  contraction,  t.  g.^  the  attollens,  attrahens,  and  relrahentes  of  the  outer 
ear,  and  the  rhomboidei.  Some  of  these  muscles  are  inserted  into  soft  parts 
which  necessarily  must  follow  the  line  of  traction,  t.  g.^  the  azygos  uvulae, 
levator  palati  mollis,  and  most  of  the  muscles  which  arise  from  bone  and  are 
inserted  into  the  skin,  such  as  the  muscles  of  the  face,  styloglossus,  stylopharyn- 
geus,  etc. 

2.  Both  Origin  and  Insertion  movable. — In  this  case  the  movements  of 
both  points  are  inversely  as  the  resistance  to  be  overcome.  The  resistance  is  often 
voluntary,  which  may  be  increased  either  at  the  origin  or  insertion  of  the  muscle. 
Thus,  the  stemo-cleido-mastoid  may  act  either  as  a  depressor  of  the  head  or  as  an 
elevator  of  the  chest ;  the  pectoralis  minor  may  act  as  an  abductor  and  depressor 
of  the  shoulder,  or  as  an  elevator  of  the  3d  to  5th  ribs  (when  the  shoulder  girdle 
is  fixed). 

3.  Angular  Course. — Many  muscles  having  a  fixed  origin  are  diverted  from 
their  straight  course  ;  cither  their  fibres  or  their  tendons  may  be  bent  out  of  the 
straight  course.  Sometimes  the  curving  is  slight,  as  in  the  occipito-frontalis 
and  levator  palpebrje  superioris,  or  the  tendon  may  form  an  angle  round  some 
bony  process,  whereby  the  muscular  traction  acts  in  quite  a  different  direction, 
i.  e.,  as  if  the  muscle  acted  directly  from  this  process  upon  its  point  of  insertion, 
e.g.,  the  obliquus  oculi  superior,  tensor  tympani,  tensor  veli  palatini,  obturator 
internus. 

4.  Many  of  the  muscles  of  the  extremities  act  upon  the  long  bones  as  upon 
levers :  {a)  Some  act  upon  a  lever  with  one  arm,  in  which  case  the  insertion 
of  the  muscie  (power)  and  the  weight  lie  upon  one  side  of  the  fulcrum  or  point  of 
support,  f.^if.,  biceps,  deltoid.  The  insertion  (or  power)  often  lies  very  close  to  the 
fulcrum.  In  such  a  case,  the  rapidity  of  the  movement  at  the  end  of  the  lever  is 
greatly  increased,  but  force  is  lost  [/.  ^.,  what  is  gained  in  rapidity  is  lost  in 
power].  This  arrangement  has  this  advantage,  that,  owing  to  the  slight  contrac- 
tion of  the  muscle,  little  energy  is  involved,  which  would  be  the  case  had  the 
muscular  contraction  been  more  considerable  (§  300,  I,  3}.     {b)  The  muscles  act 
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rupon  the  bones  as  upon  a  lever  with  two  arms,  in  which  case  the  power  (insertion 
of  the  muscle)  lies  on  the  other  side  of  the  fulcrum  opposite  to  the  weight,  f.g,, 
the  triceps  and  muscles  of  the  calf.     In  both  cases,  the  muscular  force  necessary 
to  overcome  the  resistance  is  estimated  by  the  principles 
I        of  the  lever :   equilibrium   is  established  when   the  static  fig.  346. 

K    moments  (=  product  of  the  power  in  its  vertical  distance 

I    from  the  fulcrum;  are  equal  j  or  when  the  power  and  weight  #         F ^ 

are  inversely  proporlional,  as  their  vertical  distance  from  \v  a  P 

the  fulcrum. 


to 


W 


V 


(2) 


(3) 


[The  Bony  Lever. — All  the  lliree  orderB  of  levers  are  met  with  in  _ 
ihe  bidy.    Indeed. in  the  elbow  joint  all  thethreeorderaare  represented,    a 
The  AoDcxed  scheme  shows  the  relative  positions  of  I',  \V,  and  F  (Fig.  ^  1 

346).     The  first  order  represented  by  nich  a  movemet;t  as  nodding  the  w 9 ^ 

head,  the  seciwd  byraiang  the  body  on  the  tiptoes  by  the  muscles  of  the  \\  p  ^ 

Cair,  and  ibc  thinl   hy  ibe  action  of  t^ie  biceps  in  raising  tlie  forearm. 

.■^t  the  elbow  joint  the  first  order  is  illustrated  by  exicntiing  the  flexed      '^c  i^^^  oiJer*  of  lever* 

forearm  on  the  upper  arm,  ax  in  striking  a  blow  on  the  lalilc,  where  the 

uiceps  attached  to  the  olecrnnon  is  the  power,  the  trochlea  the  fulcrum,  and  thr  hand  the  weight. 

If  the  hand  rest  on  the  tabic  and  the  bouy  t>e  raised  on  it,  then  the  hand  is  the  fulcrum,  while  the 

triceps  is  the  power  raising  the  humerus  and  the  parts  resting  on  it  (W).     The  third  order  bos  already 

been  referred  to,  t.^.,  flexing  the  forearm.] 

Direction  of  Action  — It  is  muit  important  to  obaervc  the  tHreitien  in  which  the  muscular  force 
lod  weight  act  upon  the  lever  arm.  Thus,  the  direction  maybe  vertical  to  the  lever  in  one  pofiiUon, 
•bile  alter  ilexton  it  may  act  obliquely  upon  the  lever.  The  static  moment  of  a  power  acting 
i^iqufly  on  the  lever  arm  is  obtained  by  multiplying  the  power  with  the  power  acting  in  a  direction 
tertical  to  the  point  of  rotation. 

Examples. — Jn  Fig.  347,  I,  R  j  represents  the  humerus,  and  x  Z  the  radius;  A  y,  the  direc* 
tioo  of  the  traction  of  the  biceps.  If  the  biceps  acts  at  a  right  angle  only,  as  by  lifting  horizon- 
Ully  a  weight  (P)  tying  on  the  forearm  or  in  the  hand,  then  the  power  of  the  biceps  (=^  A)  is 
Obtained  from  the  formola,  A  ^j-=sP;r  Z,«.f.,  Aas<Pjr  Z)  :  >jr.     It  is  evident  that,  when  the 


Scbemo  of  ihc  Action  of  th«  muiclcs  on  booes. 

i  is  depressed  to  the  position  x  C,  the  re.<ntlt  is  different ;  then  the  force  of  the  biceps^  A,  ^ 
i^VyV  x)  :  o  X.  In  Fig.  347,  11,  TF  is  the  tibia,  F,  the  ankle  joint,  MC,  the  foot  in  a  borixontol 
pkosition.  The  jMwer  of  the  muscles  of  the  calf  \^=  a)  necessary  to  equalize  a  force,/,  directed 
from  below  against  the  anterior  part  of  the  foot,  would  be  a  ^^ip  M  V)  ;  F  C.  If  the  foot  be 
mltered  to  tlie  position  R  S,  the  force  of  the  muscles  of  the  calf  woiud  then  be  a,  =  (/j  M  F) ;  FC. 

In  muscles  also,  which,  like  the  coraco-brachialis,  are  stretched  over  the  angle 
of  a  hinge,  the  same  result  obtains. 
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In  Fig.  347,  III,  H  E  is  the  humerus,  E,  the  elbow  joint,  E  R,  the  radius,  B  R.  the  coruco-bnchl* 
■lb.  Its  moment  in  this  position  is  ^  A,  fi  F..  When  the  radius  is  raised  to  E  R,,  then  it  is  =^  A, 
a  K.  We  must  notice,  liowever,  ib&t  U  K,  <  B  K.  Hence,  the  absolute  muscuUr  furce  mtut  be 
less  in  the  Hexed  position,  liccause  every  muKle,  as  it  becomes  shorter,  lifts  le&s  weigh:.  What  is 
luttt  in  power  i!>  gained  by  the  elongation  of  the  lever  arm. 

5.  Many  muscles  have  a  double  action ;  when  contracted  in  the  ordinary 
way  they  execute  a,  combined  inovement,  <r.  g, ,  the  biceps  is  a  flexor  and  supinator 
of  the  forearm.  If  one  of  these  movements  be  prevented  by  the  action  of  other 
muscles,  the  muscle  takes  no  part  in  the  execution  of  the  other  movement. 

If  the  forearm  be  strongly  pronated  and  flexed  in  this  po&ition,  the  biceps  \xVv%  no  port  therein; 
or,  when  the  elbow  joint  is  rigidly  supinaied.  only  the  itupinaior  brevis  aci£,  not  the  biceps.  The 
muscles  of  mastication  are  another  example.  The  mn*seter  elevalcs  the  lower  jaw,  and  al  the  same 
time  pulls  it  forward.  K  the  depressed  jaw,  however,  be  strongly  pulled  backward  when  the  jaw 
is  raised,  the  masselcr  is  not  concerned.  The  lempoml  muscle  raises  the  jaw,  and  at  the  same  time 
pulls  it  backward.  If  the  depressed  law  be  raised  after  being  poshed  forward,  (ben  the  Icmponil  is 
not  concerned  iu  ii5  elevation. 

6.  Muscles  acting  on  two  or  more  joints  are  those  which,  in  their 
course  from  their  origin  to  their  insertion,  pass  over  two  or  more  joints.  Either 
the  tendons  may  deviate  from  a  straight  course,  e.  g.,  the  extensors  and  flexors  of 
the  fingers  and  toes,  as  when  the  latter  are  flexed  ;  or  the  direction  is  always 
straight,  e.  ^.,  the  gastrocnemius.  The  muscles  of  this  group  present  the  following 
points  of  interest:  (a)  The  phenomenon  of  so-called  "active  insufficiency." 
If  the  position  of  the  joints  over  which  the  muscle  passes  be  so  altered  that  its 
origin  and  insertion  come  too  near  each  other,  the  muscle  may  require  to  contract 
so  much  before  it  can  act  on  the  bones  attached  to  it,  that  it  cannot  contract 
actively  any  further  than  to  the  extent  of  the  shortening  from  which  it  begins  to 
be  active;  (t.  ^.,  when  the  knee  joint  is  bent,  the  gastrocnemius  can  no  longer 
produce  plantar  flexion  of  the  foot,  but  the  traction  on  the  tendO'Achilles  is  pro- 
duced by  the  soleus.  {l>)  "  Passive  insufficiency*'  is  shown  by  many-jointed 
muscles  under  the  following  circumstances:  In  certain  positions  of  the  joint,  a 
muscle  may  be  so  stretched  that  it  may  act  like  a  rigid  strap,  and  thus  limit  or 
prevent  the  action  of  other  muscles,  e.g.,  the  gastrocnemius  is  too  short  to  permit 
complete  dorsal  flexion  of  the  foot  when  the  knee  is  extended.  The  long  flexors 
of  the  leg,  arising  from  the  tuber  ischii,  are  too  short  to  permit  complete  exten- 
sion of  the  knee  joint  when  the  hip  joint  is  flexed  at  an  acute  angle.  The  extensor 
tendons  of  the  fingers  are  loo  short  to  permit  of  complete  flexion  of  the  joints  of 
the  fingers  when  the  hand  is  completely  flexed. 

7.  Synergetic  muscles  are  those  which  together  subserve  a  certain  kind  of 
movement,  e.g.t  the  flexors  of  the  leg,  the  muscles  of  the  calf,  and  others.  The 
abdominal  muscles  act  along  with  the  diaphragm  in  diminishing  the  abdomen 
during  straining,  while  the  mu.scles  of  inspiration  or  expiration,  even  ihe  different 
origins  of  one  muscle,  or  the  two  bellies  of  a  biventral  muscle,  may  be  regarded 
from  the  same  point  of  view. 

Antagonistic  muscles  are  those  which,  during  their  action,  have  exactly  the 
opposite  effect  of  other  muscles,  e.g.,  flfcxors  and  extensors — pronators  and  supi- 
nators— adductors  and  abductors — elevators  and  depressors — sphincters  and  dila- 
tors— inspiratory  and  expiratory. 

When  it  is  necessary  to  bring  the  full  power  of  our  muscles  into  action,  we 
quite  involuntarily  bring  them  beforehand  into  a  condition  of  the  greatest  tension, 
as  a  muscle  in  this  condition  is  in  the  most  favorable  position  for  doing  work 
(§  300.  ^»  3)-  Conversely,  when  we  execute  delicate  movements  requiring  little 
energy,  we  select  a  position  in  which  the  corresponding  muscle  is  already 
shortened. 

All  the  fascix  of  the  body  are  connected  with  muscles,  which,  when  they  contract,  alter  the  tension 
of  the  fuimcr,  so  that  ibey  arv.iu  a  certain  sense,  apoueurosesurlentluns  of  the  latter  [A',  flunietetim). 
[For  the  importance  of  mu»cular  movementJi  and  those  of  fuciiv  in  connection  with  the  movements 
of  the  lymph,  sm  {  30l.] 


GYMNASTICS,  MASSAGE   AND   CHANGES   IN    MUSCLE. 


553 


I 


307.  GYMNASTICS:     MOTOR    PATHOLOGICAL   VARIATIONS.— Gymnastic 

exercise  t>  nu^st  imp^ortaiii  for  the  proper  development  of  the  mLtsclcs  and  motor  power,  and  it  oitght 
to  be  contuieiiccU.  iii  both  sexes  at  an  csrly  uge.  Systcuialic  inuscutar  activity  increases  the  volume 
of  ll»e  muscle*,  and  enables  thetn.  to  do  more  work.  The  amount  of  blood  is  increased  with 
increase  in  the  muscular  development,  while  at  the  some  time  the  bones  and  ligaments  become 
more  resistant.  As  the  circulation  is  more  lively  in  an  active  muscle,  gymnastics  favor  the  circulation, 
and  ought  to  be  practiced,  especially  by  persons  of  *cdt;ntar>-  habits,  who  arc  npt  10  sofTcr  from  coo- 
|t«9tion  of  blood  in  abdominal  organs  {f^.,  hainorrhoiils),  as  it  favors  the  movemrnt  of  the  tissue 
juices  [{  201].  An  active  muscle  al.so  uses  more  O  and  produces  more  CO.,  ^o  that  rcspirfliion  Is 
aUo  exdied.  The  total  increase  of  the  metal»lism  gives  ri^e  to  the  fcelin[i  of  well-being  and  vipir, 
diminishes  abnormal  irritability,  and  dispels  the  tendency  to  fatigue.  The  whole  ImxIv  becomes  tirmcr, 
and  specifically  heavier  {Jtirrr). 

By  ling's,  or  the  Swedish  system,  a  systematic  attempt  is  mode  to  strengthen  certain  weak 
muscles,  or  groups  of  muscles,  whose  weakness  m^;ht  lead  to  the  production  of  ddbrmiiies.  These 
muscles  are  exercised  .sysiematically  by  opposing  to  them  resistances,  which  mu.it  cither  be  overcome, 
or  aeainst  which  the  patient  must  strive  hy  muscxtlu  action. 

Massage,  which  coniiist^  in  knc-iding,  pressing,  or  rubbing  the  muscles,  favors  the  blood  stream; 
hence,  this  system  maybe  advanlageQU&lytt*ed  for  such  muscles  as  are  so  weakened  by  disease  that  an 
inilependent  treatment  by  means  of  gymnastics  cannot  be  adopted.  [The  importance  of  massage  a> 
>  rcstioratire  practice  in  getting  rid  of  the  wame  products  of  muscular  activity  has  been  already  referred 

Disturbances  of  ihc  normal  movetnenis  may  partly  affect  the  passive  motor  organs  (e^'.,  the 
booes,  joints,  ligaments,  and  apoceuroses),  or  the  active  organs  (muscles  with  their  tendons,  and 
motor  nerves). 

Passive  Organs. — Fractures,  caries  and  necrosis,  and  inflammaiion  of  the  bones  which  make 
tnoremcnls  pninful,  influence  or  even  nmke  moveincnl  impossible.  Similarly,  dislocations,  relaxation 
of  the  ligaments,  arthritis,  or  anchylosis  interfere  with  movement.  Also  curvature  of  bones,  h^pcr- 
oHosi;:  or  exostosis;  lateral  curs-ature  of  the  vertebral  column  (Scoliosis^,  Wckward  angular  curvn- 
tore  (Kyphosis),  or  forward  curvature  (Lordosis).  The  latter  interfere  with  respiration.  In  the 
lower  extremiiies,  which  have  to  cany  the  weight  of  the  body,  genu  valgum,  may  occur  in  Habby, 
tall,  rapidly-growing  individuals,  especially  in  some  trades,  e.j,'.,  in  b&kers.  The  opposite  form,  genu 
vaniro,  is  generally  a  result  of  rtcKcth.  Flat  foot  depcruls  upon  a  depression  uf  the  arch  uf  the 
foot,  which  then  no  longer  rests  upon  its  three  points  of  support.  Its  causes  seem  to  be 
limilar  to  those  of  genu  valgum.  The  lil^ament^i  of  the  .small  tar^al  joints  are  stretched,  and  the  long 
ixis  of  the  foot  is  tisually  directed  outward;  the  inner  margin  of  the  foot  Umore  turned  to  the  ground, 
while  pain  in  tbe  foot  and  malleoli  make  walking  and  standing  im{90ssible.  Club  foot  (Talipes 
vaniB)»  in  which  the  inner  margin  of  the  foot  is  roiscd,  and  the  point  of  the  toes  is  directed  inward 
ud  downward,  depends  upon  imperfect  development  during  foetal  life.  All  children  are  born  with 
I  certain  va^-  flight  degree  of  bending  of  ihe  foot  in  this  direction.  Talipes  equinus,  in  which  the 
toes,  and  T.  calcaneus,  in  which  the  heel  touches  tbe  ground,  usually  depend  upon  contracture  of 
tbe  muscle^)  cau>ing  tbe^c  positions  of  the  foot,  or  upon  paralysis  of  the  antagonistic  tnu.sclcs. 

Rickets  and  Osteomalacia. — If  the  earthysalls  be  withheld  from  the  food,  the  bones  gradually 
undergo  a  change;  they  become  thin,  tran>Iuccnt,  and  may  even  bend  under  pressure.  In  certain 
persistent  defects  of  nutrilion,  the  lime  and  other  salts  of  the  food  are  not  .il)soH>ed,  giving  rue  to 
rachitis,  or  rickets,  in  children.  If  fully  formed  bones  lose  their  lime  salts  lo  the  extent  of  )i  to  |^ 
(halistcrisis),  they  become  brittle  and  sofl  (osteomalacia).  This  occurs  to  a  limited  extent  in 
old  age. 

Muscles. — The  nonnal  nutrition  of  muscle  is  intimately  dc[)endent  on  a  pmper  supply  of 
tciiium  ihhriiie  anJ  poiush  salts  in  the  food,  as  these  Jbrm  integral  parts  of  the  muscular  tissue 
{fCemmericA,  forester).  Be«^ides  the  atrophic  changes  which  occur  in  ihe  muscles  when  these  sub- 
stances are  withhehl,  there  ore  disturbances  of  the  central  nervous  system  and  digestive  apparatus, 
and  the  animals  ultimately  die.  The  condition  oftlie  muscles  during  inanition  is  given  in  |  237.  If 
oiuscles  and  bones  be  ke^tt  inactive,  they  tend  to  atrophy  (jl  244].  In  atrophic  niu&clcfl,  and  in  ca-scs 
of  anchylosis,  there  is  an  enormous  increase,  or  "atrophic  proHferaiion,"  of  the  muscle  corpuscles, 
which  takes  place  at  the  expense  of  the  contractile  contents  \Cohnhfim).  A  certain  degree  of  mus- 
cular atrophy  lakes  place  in  old  age.  The  uterus,  alier  deliver^',  undergoes  a  great  decrease  in  size 
and  weight — from  looo  to  350  grammes — due  chiefly  to  the  diminished  blood  supply  to  the  organ, 
in  chronic  /eat/  /^citonint,',  the  extensors  and  interossei  chiefly  undergo  atrophy.  Atrophy  and 
(legeneratiun  of  the  muscles  are  followed  by  shortening  and  thinning  of  the  bones  lo  which  the  muscles 
are  attached. 

Section  and  paralysis  of  the  motor  nerves  cause  palsy  of  the  muscle,  thus  rendering  them 
inactivf,  and  they  iiltimaltrly  degenerate.  Airnphy  also  occiirs  after  inflammation  or  softening  of  the 
multipolar  nerve  cells  in  the  anterior  horn  of^the  gray  matter  of  ihespinid  cord,  or  the  mutor  uueiei 
(&dat,  spinal  accessor}-,  and  hypoglossal  of  Stilling  in  the  medulla  olilongata),  in  the  mu^les  con- 
nected with  these  patis.  Rapid  atrophy  takes  place  in  ccnain  forms  of  spinal  paralysis  and  m  acute 
bulbar  paralysis  (paralysis  of  the  medulla  oblongata),  and  in  a  chronic  form  in  progressive  muscular 
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atrophy,  and  progressive  bulbar  paralysis.  The  muscles  and  their'ocrvcs  become  Mnalland  toft.  The 
muBcics  show  many  nuclei,  the  sorcous  substance  becomes  fatty,  and  uUimately  diuppeon.  Accord- 
ing to  Charcot,  these  areas  are  at  the  (^me  time  the  trophic  centres  Tor  the  nerves  procecdiog  from 
Ibeiu,  as  well  as  for  the  muscles  belonging  to  them.  According  to  Friedreich,  the  primary  ledoo 
in  progressive  muscular  atrophy  is  in  the  muscles,  and  is  due  to  a  primary  intcrsltltal  tnfljimniation 
of  the  muscle,  resulting  in  atrophy  and  degenerative  changes,  while  the  nerve  centres  are  affected 
^econdfuily,  just  ns  after  amputation  of  n  limb,  ihc  corresponding  part  of  the  spinal  cord  dcgcneratei. 
In  pseu  do -hypertrophic  muscular  atrophy  the  muscular  fibres  atrophy  completely,  with  cnpi* 
ous  development  uf  fat  and  cunncctive  tiitsuc  between  the  fibres,  without  the  nerves  or  spinal  cord 
undergoing  degeneration.  The  muscular  substance  may  also  undergo  atnyioui  or  ■amx-Uke  degen- 
eration, whereby  the  amyloid  substance  mftltrates  the  tiuuc  {\  249,  VI).  Sometimes  atrophic  mus- 
cles have  a  deep  hravn  folor,  due  to  a  change  of  the  hxmoclobin  of  the  mu-scle,  When  muscles  are 
much  used,  they  hypertrophy,  as  the  heart  in  certain  cases  of  valvular  le<^ion  or  obstnKtion  ($  40^, 
llie  bladder,  and  intestine.  [In  true  hypertrophy  there  U  an  incresutcd  number  or  increase  in  the 
size  of  its  tissue  element^,  throughout  the  entire  (iuue  or  organ,  without  any  deposit  of  ■  foreign 
body.  I'erhaiM,  in  hypertrophy  of  the  blottder,  the  thickened  muscular  coal  not  only  senea  to 
overcome  resiMance.  but   it  offers  greater  resistance  to  bursting  under  the  increased  intra-vesical 

fressure.  Mere  enlargement  is  not  hypertrophy,  for  this  may  be  brought  about  by  foreign  elemcnti. 
n  Atrophy  there  is  a  diminution  in  si/t:  or  hulk,  even  when  the  blooti  >lrcain  is  kept  up.  the  decrease 
being  due  to  pressure.  An  alrophied  organ  may  be  even  enlarged,  as  seen  in  pseudo  hypertrophic 
paralysis,  where  the  muscles  arc  larger,  owing  to  tbeintn^iiiitial  growth  of  fatty  and  conoective  tisue, 
while  the  true  muscular  ti&sue  is  diminished  aiul  truly  atrophied.] 

308.  STANDING. — The  act  of  standing  is  accomplished  by  muscular 
action,  and  is  the  vertical  position  of  equilibrium  of  the  body,  in  which  a  line 
drawn  from  the  centre  of  gravity  of  the  body  falls  within  the  area  of  both  feet 
placed  upon  the  ground.  In  the  military  attitude,  the  muscles  act  in  two  direc- 
tions— (i)  to  fix  the  jointed  body,  as  it  were,  into  one  unbending  column;  and 
(2)  in  case  of  a  variation  of  the  equilibrium,  to  compensate  by  muscular  action 
for  the  disturbance  of  the  equilibrium. 

The  following  individual  motor  acts  occur  in  standing: — 

1.  Fixation  of  the  head  upon  the  vertebral  column.  The  occipnt  maybe  moved  in  various 
directions  upon  the  atlas,  as  in  the  acts  of  noddinr.  .\5  the  long  arm  of  the  lever  lies  in  front  of  the 
atlas,  necessarily  when  the  muscles  of  the  back  of  the  neck  relax,  as  in  sleep  or  death,  the  chin  f^b 
upon  the  breast.  The  strong  neck  muscles,  which  pull  from  the  vertebral  column  upion  the  occiput, 
fix  the  head  in  a  ^rm  pa^iition  on  the  vertebral  column.  The  chief  rotatory  movement  of  the  head 
on  a  vertical  axis  occurs  round  the  odontoid  process  of  the  axi«.  The  anirular  surfaces  on  the 
pedicles,  and  part  of  the  bodi€»  of  the  rst  and  2d  veitcbne,  arc  convex  toward  each  other  in  the 
middle,  becoming  somewhat  lower  in  front  anil  behind,  so  that  the  head  is  highest  in  the  erect  posture. 
Hence,  when  the  head  is  greatly  rotated,  compression  ofthe  medulla  oblongata  is  prevenled  {UtnJtt\. 
In  standing,  these  muscles  do  not  require  to  l>e  lixed  by  muscular  action,  as  no  rMation  can  take 
place  when  the  neck  muscles  are  at  rest. 

2.  Fixed  Vertebral  Column. — 'ITie  vertebral  column  itself  must  be  fixed,  especially  where  it  U 
moit  mobile,  i'.^.,  in  the  cer^'ical  and  lumbar  regions.  This  is  brought  about  by  the  strong  muscles 
utuate  in  these  regions,  t.g-^  the  cervical  spinal  muscles,  Rjciensor  derxi  communis  and  Quadratut 
tumhontm. 

Mobility  of  the  Vertebrae. — llie  least  movable  vertebra:  are  the  3d  to  tlic  6th  dorsal ;  Ok  sacrum 
is  quite  immovable.  For  a  certain  length  of  the  column,  the  mobility  depends  on  {a\  the  number 
and  height  of  the  inter-articular  (ibro-cartilages.  They  are  most  numerous  in  the  neck,  thickest  is  the 
lumlmr  rcgitm,  and  relatively  also  in  the  lower  cervical  region.  They  permit  movement  to  take 
place  in  every  direction.  Collectively  the  inter- articular  disks  form  one-fourth  of  the  height  of  the 
whole  vertebral  column.  They  are  compressed  somewhat  by  the  pressure  of  the  body;  hence,  the 
txKly  is  longest  in  the  morning  and  after  lying  in  the  horizontal  position.  The  smaller  periphery  of 
the  bodies  of  the  cervical  vertebns  favors  the  mobility  of  these  vcrtebrie  compared  with  the  larger 
lower  onca.  (A)  The  position  of  the  processes  also  in6uences  greatly  the  molality.  The  strongly  de. 
pressed  spines  ofthe  dorsal  region  hinder  hyper-extension.  'Hie  articular  processes  on  the  cervical 
verlebrK  arc  »  placed  that  their  surfaces  look  obliquely  from  before  and  upward,  backward,  and 
downward;  this  permits  relatively  free  movement,  rotation,  lateral  and  nodding  movements,  to 
the  dorsal  region,  the  articular  surfaces  are  directed  vertically  and  directly  to  the  front,  the  lower 
directly  backward  ;  in  the  lumhar  rcgir)n,  the  position  of  the  articular  processes  is  almost  completely 
vertical  and  antcro-poitteTior.  In  bendiut;  backward,  as  far  as  possible,  the  most  mobile  parts  of  the 
column  arc  the  lower  cervical  vertebne,  the  itth  dorssl  to  the  2d  lumhar  and  the  lower  two  lumbar 
vertebnc  (A".  //.  W<ber\ 

3.  The  centre  of  gravity  of  the  head,  trunk,  and  arms  when  fixed  as  above,  lies  in  front  of  the 
loth  dorsal  vertebra.     It  lies  Airther  forward,  in  a  hoiizontal  plane,  passing  through  the  xiphoid  pto* 
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C«5,  ibe  SJ«&t(T  the  distention  of  t"be  abdomen  by  ftxxl,  fat,  or  pregnane^'.  A  line  drawn  vertically 
downward  ftvm  the  centre  uf  gravity  piXiMSi  behind  the  line  uniting  both  bip  joints.  Hence,  the  trunk 
i  fall  backward  on  ihc  bip  jninl,  wwc  it  not  prevented  partly  by  ligaments  and  portly  hymitsclcs. 
•  Ibmirr  ore  represented  by  the  ilco  femoral  band  find  the  anterior  tense  layer  of  llie  fascia  lata. 
As  Uganienls  alone,  however,  never  resist  jji^rmanem  traction,  ihey  arc  aided,  es^JCCtally  by  the  ileo- 
paoas  muscle  ttisened  into  the  small  trochanter,  and  in  |>art,nlNO,  by  the  rectus  feinoris.  LaieriU  move- 
ment at  the  lup  joint,  whereby  the  one  limb  must  be  abducted  and  the  other  ndducled,  is  prevented 
specially  by  the  large  mass  of  the  glutei.  When  the  leg  is  extended,  the  ilco-fcraoral  ligament,  aided 
by  the  faiicia  lata,  ptevtiili  adduction. 

'  4.  The  rigid  port  of  the  Ixvly,  head,  and  trunk,  with  the  arms  and  leg«,  whose  centre  of  gravity  lies 
tower  and  oaly  a  little  in  frotit,  so  that  the  vertical  line  drawn  downward  intcr^iecls  a  line  connectintr 
the  posterior  surfaces  of  the  knee  joints,  must  i>ow  be  fixed  at  the  knee  joint.  Falling  backward  is 
prevented  by  a  slight  action  of  the  quadriceps  femori.i,  aided  by  the  tension  of  the  fascia  lata.  In- 
directly it  is  aidetl  also  by  the  ileo-fcmoral  ligament,  l^eral  movement  of  tlie  knee  ih  jirevenled  by 
the  dispo«itton  of  the  strong  lateral  ligaments.  Rotation  cannot  take  place  at  the  knee  joint  bi 
the  extended  position  ($  305.  I.  3). 

I  5.  A  line  drawn  downward  from  the  centre  of  gravity  of  the  whole  body,  which  lies  in  the  pri>- 

noatory,  falU  slightly  in  fix>nt  of  a  Une  between  the  two  ankle  joiDt5.  Hence,  the  liody  would  U\\ 
fpnoani  cm  the  latter  joint.  This  is  prevented  especially  by  (he  muscles  of  the  calf,  aided  l»y  the 
muscles  of  ihe  deep  layer  of  the  leg  itihialis  posticus,  flexors  of  thetoc*.  peroneous  longus  et  brevis). 
Other  Factors. — (•?)  As  the  lung  axis  of  the  foot  forms  with  the  leg  an  angle  of  50^*,  falling 
forward  can  only  occur  after  the  feet  aie  in  a  position  more  nearly  parallel  with  their  long  axis,  (i) 
The  form  of  the  articular  surfaces  helps,  as  the  anterior  broad  part  of  the  astragalus  inu-st  be  pressed 
Iwtween  the  two  malleoli.     The  latter  mechanism  cannot  be  of  much  imiiortance. 

6.  The  metatarsus  and  phalanges  arc  united  by  tense  ligaments  to  form  the  arch  of  the  ftjot,  wtiich 
touches  the  ground  at  three  ]Toint* — tuber  calcanci  ( beel ),  the  head  of  the  first  metatarsal  Ixtnc  (ball  of 
the  great  toe),  ond  of  the  tifth  toe.  Hetween  the  latter  two  poinls,  the  heads  of  the  mttatorsal  bones 
■Isofonn  pointsof  .supports.  The  weight  of  the  body  is  transmitted  to  the  highest  iMrt  of  the  arch  of 
the  foot,  the  caput  tali.  The  arching  of  the  ft*ot  is  fixed  only  by  ligaments.  Thetoesplay  noport  in 
«(8n<ling,  although,  when  moved  by  their  masclcs,  they  greatly  aid  the  balancing  of  the  body.  The 
ttuintenance  of  the  erect  attitude  fatigues  one  more  rapidly  than  walking. 

309.  SITTING. — Sitting  is  that  jxisition  of  eiiuilibriuni  whereby  the  body  is  sxipported  on  the 
tubcra  Ucbii,  on  which  a  to  and  fro  movement  may  take  place  {//.  f.  Meyfr).  The  head  and  trunk 
together  are  made  rigid  to  form  an  immovable  column,  as  in  standing  We  may  distinguish  ;  (l)thc 
forward  poBture,  in  which  the  line  of  gravity  posses  in  front  of  the  tubera  ischii;  the  body  lieing  sup- 
(>ort^  eiiner  against  a  fixed  object,  f.j;-f  Liy  means  uf  the  arm  on  a  table,  oragsinst  the  up|)cr  surface 
of  the  thigh.  { 2)  'ITie  backward  posture,  in  which  the  line  of  gravity  falls  behind  the  tubcra.  A 
l^erson  Ls  jwevented  from  falling  backward  either  by  leaning  on  a  support,  or  by  the  cminler- weight  of 
llie  legs  kept  extended  by  muscular  action,  whereby  the  sacrum  form*  an  additional  point  of  support, 
^vhile  the  trunk  is  fixed  on  the  thigh  by  the  ileo-psoas  and  rectus  femoris,  the  leg  being  kept  extended 
\^j  tbe  eatcnsor  quadriceps.  Usually  the  centre  of  gravity  is  so  placed  tliai  the  hcd  also  acts  as  a 
boint  of  support.  The  latter  sitting  posture  i.t  of  course  not  suited  for  rcstint;  tlic  reuiscles  of  the 
lower  limbs.  (3)  When  **  aiuing  erect  "the  line  of  gravity  falls  l>etn-een  the  tnliera  themselves. 
The  muscles  of  the  legs  arc  relaxed,  the  rigid  trunk  only  requires  to  be  balanced  by  slight  muscular 
aaction.     Usually  the  lialaucing  of  the  head  i>  sufficient  to  maintain  the  equilibrium. 

310.  WALKING.  RUNNING,  AND  SPRINGING.-^By  the  term 
'walking  is  understood  progression  in  a  forward  horizontal  direction  with  the 
least  possible  muscular  exertion,  dtic  to  the  alternate  activity  of  the  two  legs, 

Methoda. —  ITie  Brothers  Weber  were  the  first  to  analyze  the  various  positions  of  the  l>ody  in 
■^s-alkJng,  ninning,  and  springing,  and  they  represented  them  in  a  fOHltHuaiis  srries,  which  rcjwesents 
t„hc  successive  phases  of  locomotion.  'Iliese  pbaws  may  be  examined  with  the  zoetrojie  (^  39^, 
3.)  Marcy  tstimaicd  the  ti/tte  reiaiiom  of  the  individual  acts,  by  transferring  the  movctucuts,  by 
vneans  of  his  air  taml>oiiri,  tn  a  rcctirding  surface.  Recently,  liy  means  of  a  rrvulving  camera,  he  lias 
Succeeded  in  photographing,  in  instantaneous  pictures  (jc\io  second),  the  whole  series  of  acts.  Of 
c^ourse  this  scries,  when  placed  in  the  zoetrope,  represents  the  natural  movements.  Figs.  349,  350, 
351  represent  thew  acts. 

In  walking,  the  legs  are  active  altcniately;  while  one— the  "supporting"  or 
•*active"  leg — carries  the  trunk,  the  other  is  "inactive"  or  **  passive."  Each 
leg  is  alternately  in  an  active  and  a  passive  phase.  Walking  may  be  divided  into 
ihe  following  movements:  — 

I.  Act  (Fig.  34S,  2). — The  active  leg  is  vertical,  slightly  flexed  at  the  knee,  and  it  alone  supports 
the  centre  of  gravity  of  the  body.    The  passive  leg  is  completely  extended,  and  touches  the  ground 
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only  wiih  the  Up  of  the  jgrcal  toe  (c ).     This  position  of  the  leg  correspondi  to  a  right-Bn]>led  iriangle, 
in  which  the  active  leg  nod  the  ground  fomi  two  sides,  while  the  possivc  leg  is  the  hj-pothmu-se.  ■ 

11.  Act. — Fur  the  forward  movement  of  I  lie  trunk,  the  active  leg  i^  inclined  slii;htly  froni  its 
vertical  piisition  (calhi-lus)  to  an  ol>lirjnf  nnd  more  forward  (hyptrthetiuw)  position  (3I.  In  order  that 
the  trunk  may  remain  ut  the  same  height,  it  i'i  ncceikSary  thnt  the  active  leg  be  Icnglhenei].  I'his  is 
flccotnplished  by  completely  extending  the  knee  (3.  4,  S),  a*  well   as  by  lifting  the  heel  from  the 
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Phste*  of  walking,     llie  thklc   ItfiM  reprcMnt  tb«  aciire,  the  thin  the  paoive  leg :   A.  the  hip  Joini ;  k.  t,  knee  : 
XA,*nk)e;  c,  y,  heel ,  m, /,  bull  of  the  tano-roeutanal  jomt ;  c,f,  point  uf  great  to«. 

ground  (4,  5).  so  that  the  foot  rests  on  the  balls  or  the  heads  of  the  metatarsal  bones,  and,  lastly,  by 
elevating  it  on  the  point  of  the  great  toe  (2,  thin  line).  During  the  extension  and  forward  move- 
ment of  the  active  leg,  the  tips  of  the  toes  of  the  passive  leg  hove  left  the  ground  (3).  It  is  slightlv 
flexed  at  the  knee  joinI  (owing  to  the  shortcningi,  it  performs  a"  prndulum-likc  movement  "  (4,5). 
whereby  it!i  foot  Is  moved  as  far  in  ftont  of  the  active  leg  as  it  m  as  formerly  behind  it.  The  foot  i> 
then  placed  flat  upon  the  ground  (I,  3,  thick  lines) ;  the  centre  of  gravity  is  now  transferred  lo  thU 

Fic.  349- 
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Phasn  of  slow  walking.  Iii*t»iiiUneou»  photograph  {.Ifar^jr).  only  tlte  ^{tlc  rfirccicd  to  the  ob»«r\cr  Is  ihawm. 
From  the  vertical  jio^ilinn  of  the  right,  a<:tivc  leg  :  (I|,aUch«  phatei  nf  thU  leg  are  repnv^nivd  in  «is  DtctUKS 
(I  to  Vh,  white  after  VI  the  vertical  poaltion  in  regulne.i.  The  Ambic  nuineraU  indicate  tKe  «iinui(ane«i»  m«J. 
lion  oTlhccorreiponding  left  leg;  ihua  i  —  I,  3  —  II,  etc.,  SO  that  during  ibc  position  IV  q(  the  rtgtit  Itt,  at 
the  aame  Eimc  llic  hit  Its  hat  the  position  aa  i . 

active  leg.  which,  at  the  same  time,  b  slightly  flexed  at  the  knee,  and  placed  vertically.    The  Rnt  ad 
is  then  repented. 

Simultaneous  Movements  of  the  Trunk. — During  walking,  the  trunk  performs  certain 
chnracterislic  movement*.  (I)  It  lcai«  every  time  toward  the  active  leg,  owing  to  the  ImctKDn  of 
the  glutei  nnd  the  tensor  fascix-  latx,  m  that  the  centre  of  gravity  is  moved,  which  in  short,  hen\7 
persons  with  a  broad  pelvis  leads  to  their  •*  waddling"  gait.  {2)  The  trunk,  especially  during  rapid 
watkit^.ia  inclined  slightly  forward  to  overcome  the  rcsbtanceonbe  air.     (3)  Durir^  the  "pendulian- 
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like  mcijon,"  the  trunic  rotates  kligbtly  on  the  head  of  the  active  femur.  This  rotation  is  cnmpeiisaied, 
c&pccially  in  rapid  walking,  l*y  Ilie  arm  of  the  sjiiue  side  as  ilic  o&ctlUting  leg  »wingiug  iii  the  o[]po.tite 
direction,  while  that  on  the  other  side  at  the  sainc  lime  swings  in  the  same  direction  as  the  oscillating 
limb. 

Modifying  Conditions:  I.  7%f  Duration  of  I  he  SUp. — .\s  the  r-ipidily  of  the  vibration  of  a 
pendulum  (te^i  dc[M:nd<i  ufx>n  iu  length,  it  U  evident  thai  each  individual,  according  to  ilie  length  of 
his  legs,  niu.'it  liEtTc  n  ccrtnin  nal\irnl  rtle  of  walking.  'I'hc  '^duratioH  of  a  itep"  depends  also  upon 
the  time  during  which  l^oth  feci  touch  U)c  gmiiiid  simultaneously,  which,  of  course,  can  be  altered 
vnlunlarily.  When  "walking  rapidly"  the  lime  =  O,  1. 1.^  at  the  same  moment  in  which  the  nctisc 
leg  reaches  the  ground,  the  passive  leg  is  raised.  3.  The  length  0/  the  step  is  usually  alwut  6  to  7 
dcLiinetrei  [23  to  27  inches],  and  it  must  be  greater,  the  more  the  length  of  the  liypoihciiuse  of  Ihc 
passive  Ic^  exceeds  the  calbelUK  of  the  active  o^ic.  Hence,  during  a  long  ^ic;>,the  active  leg  is  greatly 
sfaortencd  (by  Aexion  of  the  knee),  so  that  the  trunk  is  pulled  downward.  Similarly,  long  legs  can 
make  longer  stejM. 

According  to  Marcy  and  others,  the  pendulum  movement  of  (he  passive  leg  is  twt  a  true 
pendulum  movement,  because  its  movement,  owing  to  muscular  action,  is  of  tcore  uniform  rapidity, 
buring  the  pendulum  movement  of  the  wliolc  limb,  the  leg  \nbratcs  l>y  itself  at  the  knee  joint  ( Ltuttf 
IL  I'ierordt). 

Fixation  of  the  Femur. — /Vccording  to  I-Id.  and  W,  Wclicr,  the  head  of  the  femur  of  the  passive 
k^  is  fixed  in  its  socket  chie6y  by  the  atmoBpheric  preaaure,  so  that  no  muscular  action  is  necessary 
fcr  carrying  the  whole  limb.     If  ail  the  muscles  and  the  capsule  be  divided,  the  bead  uf  the  femtir 
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Imtantancoufe  phologmph  of  a  runner  (AAarr^).     Ten  piclure»  per  kcconj.    The  ab«cl»a  iadicaie* 
the  lc(ii;ih  of  the  step  in  meitu. 


'  «xill  remains  in  the  cotyloid  cavity.     Ro»e  refers  this  condition  not  to  the  action  of  the  atmospheric 

I  Jvessure,  hul  to  two  adhcsiun  surfncrs  united  by  means  of  synovia.     The  experiments  of  Aeby  9>bow 

*  thai  not  only  the  weight  of  the  limb  i>  supported  by  the  almospheric  pressure^  but  that  ibc  latter  can 

.  supfXHl  several  times  this  weight.     When  traction  is  exerted  on  ihe  limb,  the  margins  of  the  cotyloid 

ligament  of  ihe  cotyloid  cavity  are  applied  like  a  valve  tightly  Id  the  margin  of  the  cartilage  of  the 

liead  of  the  frmor.     According  to  llit  Brothers  Weber,  the  leg  lalls  from  ili  sackct  as  soon  as  air  It 

admilied  by  making  a  perfnratiim  into  thr  nrticular  cavity. 

Work  done  during  Walking.' — Mnrcy  and  Demery  estimate  the  amount  done  by  a  man 
weighing  64  kilns,  [lO  Blnncs],  wh«ii  walking  slowly,  as  ^^  6  kilogrammr-mrlies  per  >pcond;  rapid 
running  =  56  kilDgnunme-inetres.  The  work  done  is  due  to  the  raising  of  the  entire  t>ady  and  extremi- 
ties, to  the  Velocity  communicatcil  to  the  body,  as  well  as  to  the  maintenance  of  the  centre  of  pranty. 
In  springing  or  leaping,  the  body  is  rajndly  projected  upward  by  the  f^reniest  pos-Mble  and  moat 
rapid  coiilrftction  of  the  nmsclcs,  while  at  the  same  time  the  centre  of  gravity  is  maintained  by  other 
muscuhr  acts  (Fig.  351). 

The  pres&ure  upon  tlie  sale  of  the  foot  in  walking  i^  distributed  in  tlie  following  manner :  'Hie 
supporting  leg  alwajTi  presses  mare  strongly  on  the  (jround  than  the  other;  the  longer  the  step  the 
greater  the  pressure.  The  beel  receives  the  maximum  amount  of  pressure  sooner  than  the  point  of 
Ibe  foot  {Cartety 

Running  is  distingtiished  from  rapid  walking  by  the  fact  that,  .it  a  particular 
moinenl  both  legs  do  not  touch  the  ground,  so  that  the  body  is  raised  in  the  air. 
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The  active  leg,  as  it  is  forciby  extended  from  a  flexed  position,  gives  the  body  the 
necessary  impetus  (Fig.  350). 

Pathological. — Vnnalions  of  ihe  witlking  movements  depend  (irimarily  upon  diseasei  of  bones, 
ligamciiL'.,  musclei,  and  tendons,  nnd  also  uixin  affcctitms  of  the  moior  nerves.  The  effect  of  aensoiy 
nerves  and  the  reflex  mechanism  of  the  spinal  coixl,  and  also  of  the  hhucuUt  sense  on  walking,  ore 
stfllcci  in  ^^  355,  360,  430. 

311.  COMPARATIVE, — The  absolute  muscular  force  in  onimab  is  not,  a,'' a  rule,  much 
different  from  that  in  man.  Tbe  i^reat  motor  power  eicrtcd  by  antmaU  rcsuIlK  ftom  the  thickness 
and  number  of  the  muscles,  as  well  as  from  the  diOcrcat  arrangement  of  ibe  levers  and  the  action  of 
muscles  on  them.  Insects  pRrticulnrly  exert  n  large  amuunt  of  force ;  some  insects  can  drag  a  body 
sixtyseven  times  their  own  weight ;  a  horse  scarcely  iis  own  weight.  A  man  pressing  upon  a  dyna- 
mometer with  one  hand  exerts  prcissure  ^=  0.70  timcA  hiit  own  weight,  while  a  dog  lifting  its  lower 
jaw  exerts  S.3  limes.  A  crab  by  closing  its  pincers  2S.5  times.  A  mussel  on  closing  its  shell  382 
times  its  tiotly  weight  (Plattau). 

In  mammals  standing  i.s  much  more  easy,  os  they  have  four  supporting  surfaces.  The  springing 
aniniois  have  a  sitting  attitude,  while  the  tail  is  often  used  as  a  support  (kangaroo,  squirrell.  In 
birds,  there  js  a  mecbaoical  arrangement  hy  which,  while  perching,  the  tendons  are  Bexed;  nence, 

Fio.  351. 
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High  lft>p.  IntUntaneous  phoUgmph  {M»rtjry.  Theplcrur««  partly  overlap  each  other,  ai  •oon  at  th«  rclodty  «l 
the  Ibrward  movement  qd  tht  dctccnt  diminiihcs  iiftcT  npiirging.  In  Ihe  left-hand  comer  it  ibe  dial  plate,  the 
radlua  of  which  moved  otvc  diviiion  In  ^  leeond.     The  ab«cU«3k  IndicAteti  the  dUunce  in  tn«tic«. 

a  bird  white  sleeping  can  still  retain  its  hold  (CW't/r'}.  In  the  stork  and  crane,  which  stand  for  s 
long  time  on  one  leg,  this  act  is  unaccompanied  by  muscular  action,  as  the  tibia  is  fixed  by  means  of 
a  process  which  fits  into  a  depression  of  the  articular  surface  of  the  femur. 

In  walking,  we  distinguish  in  mammals  the  step  (le  pas) — the  four  feet  are  generally  moved  in 
four  tempo,  and  usually  diagonally,  ^.,^.,  in  the  horse  right  fore,  left  hind;  left  fore,  right  hind. 
fThe  camel  is  an  exception — it  moves  the  fore  and  hind  limits  simultaneously  on  each  side.l  In 
trotting  this  movement  is  accelerated;  the  two  limbs  in  a  diagonal  direction  lifl  together,  so  that 
only  two  hoof  sounds  arc  heard  while  at  the  same  time,  the  body  is  raised  more  in  the  air.  During 
the  interval  between  two  hoof  beats  the  body  is  free  in  the  air.  all  the  limlw  having  left  the  ground. 
Strictly  speaking,  the  face  limb  leaves  the  ground  slightly  Mxmer  than  the  hind  one.  The  gallop. — 
When  a  {right)  galloping  horse  moves  in  the  air,  the  upper  part  of  its  body  is  fairly  horizontal;  when 
it  touches  the  ground,  the  left  hind  foot  is  the  first  to  touch  the  ground.  Shortly  thereafler,  the  left 
fore  and  right  hind  foot  touch  the  ground,  while  the  right  fore  leg  has  not  yet  reached  the  groond 
and  is  directed  forward.  Tlie  upjjcr  part  of  the  body  still  retains  its  horizontnl  direction.  When, 
however,  a  few  moments  thereaAcr,  the  left  hind  leg  again  leaves  the  ground,  it  is  higher  than  the 
fore  leg — simultaneously  the  right  fore  leg  is  thrown  forward  and  lower,  while  the  right  hind  and 
left  fore  leg  ore  stretched  to  the  extreme.  Immediately  thereafter  these  limbs  leave  the  ground,  while 
the  hind  limb  40  far  overtakes  the  fore  limb  that  it  comes  to  lie  higher  than  the  latter.  The  body, 
therefore,  u  pro}ectcd  forward  and  downward  until  (he  right  fore  limb,  which  alone  louefaBS  the 
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ground,  actively  contracts  and  again  raises  the  body  from  the  ground.  When  Uiis  liappetui,  the  horse 
again  floats  in  the  air,  its  body  being  directed  boriiontally.  'llie  long  axis  of  the  horse's  body  in 
galtoping  is  placed  obliquely  to  the  direction  of  movctnent,  and  fonning  a  right  angle.  In  forced 
gRiloping  (la  carrit^re),  which  is  really  a  springing  movcmeni,  [he  right  hind  U-g  and  left  fore  leg  Ho 
not  tench  the  ground  at  the  sune  lime,  but  the  former  does  so  sooner.  The  amble  is  a  moditicotion 
of  the  step,  which  consists  in  this,  that  both  feet  on  the  same  sitle  move  at  ihe  same  lime  or  shortly 
alter  each  other  I  camel,  giraffe,  elephant).  Marey  attached  compreisible  nmpiill-p  under  the  hoof  of 
a  horse,  connecting  them  whh  rtrgi^tcring  apparatus,  and  thus  accurately  regi:>tered  the  time  rdaiion 
of  each  act.  Muybridge  photogmph«l  the  actions  of  a  hor^e  and  the  different  phase*  of  the  move- 
ment. 

In  snakes  the  radder-like  elevation  and  depression  of  the  ribs  cause  the  progression  of  the 
body. 

Swimming  is  an  acquired  ut  in  man.    The  specific  gravity  of  the  body  is  slightly  greater  than 

that  of  ordinary  water,  l»ut  slightly  lighter  than   that  of  sea  water,     ^\'hen  lying    quietly  on  the 

back,  so  that  only  the  mouth  and  nose  are  at  la-it  above  Ihe  water,  very  slight  movements  of  the 

hands  are  necessary  to  keep  a  pemon  from  sinking.     In  this  position,  progression  can  be  accomplished 

by  eitending  and  odducting  the  legs,  while  the  movement  i.^  accelerated  by  rudder  like  movements 

of  the  arms.      Swimming  l>clly  downward  is  more  difiicult,  because  the  head,  being  held  above  the 

voter,  makes  the  body  specifically  heavier.     The  forward  movement  and  the  act  of  supporting  the 

body  in  the  water  consist  of  three  acis:— First,  horizontal,  ludder-like  movements  of  the  extended 

arms  from  before  backward,  until  they  reach  the  horizontal  position  (forward  movement);  second, 

pressure  of  the  arms  downward,  with  subsequent  adduction  of  the  elbow  joint  to  the  body  (elcvaiioa 

of  the  l>ody),  together  with   retraction  of  the  extended  legs;  thirii^  projection   of  the  amis,  now 

brouj^ht  together,  and  at  the  same  time  extension  and  adduction  of  the  legs  obliquely  backward  and 

downward,  thus  causing  elevation  of  the  body  as  well  as  a  forward  movement.     Too  rapid  move- 

Bienls  cause  fatigue,  while  the  respirations   must   br  carefully   regulated.      Msny  land  mammals, 

whose  body  is  spcci6cal]y  lighter  than  water,  can  swim,  especially  with  the  aid  of  tlicir  hind  limbs, 

while  at  the  same  time,  all  uw  legs  being  dirccteti  downward,  and  being  specifically  the  heaviest  part 

of  the  body,  keep  the  trunk  in  the  normal  position.       FiftheB  chieHy  use  their  tail  5n  as  a  motor 

organ,  which  is  moved  by  powerful  lateral  muscies.     When  the  toil  is  suddenly  extended,  it  presses 

npOD  the  water  and  displaces  it.     Some  f»h.  as  tlie  salmon,  can  lift  their  body  out  of  the  water  by  a 

blow  of  their  tail  fm.     The  dorsal  and  anal  lins  enable  the  animal  to  preserve  the  erect  position. 

The  pectoral  and  abdominal  fins  corresponding  to  the  extremities  execute  slight  movements,  especially 

Upward  and  downward,  which  are  greater  during  sleep.     'Ilie  swimming  bladder  is  the  bomologue 

of  the  lung,  and  is  used   for  hydrostatic  purposes  in  some  fishes,  and  as  an  auxilinry  respirator^' 

organ  in  others,  r^.,  the  dipnoi  (}    140).     It  is  absent  or   rudimentary  in  the  cyck>stomata.     In 

buriinniing  birds,  the  body  is  •tpccihcally  very  much  lighter  than  Ihe  water,  while  their  feathers  are 

lubricated  by  Ihe  oily  secretion  of  the  coccygeal  glands  (f  291).     Their  feet  are  usually  webbed. 

Flight- — Bats  and  their  allies  ore  the  only  flying  mammals.  The  bones  of  the  upper  limb  and 
pkbalanges  arc  greatly  elongated,  and  l>etween  these  and  the  elongated  hind  limb  (except  the  fool) 
there  la  stretched  a  thin  membrane.  The  membrane  it  moved  by  the  powerful  pectoral  muscles. 
'J'hc  fiying  sj^^juirrcl  has  only  a  duj>licalure  of  the  skin  stretched  l>etween  the  large  hunea  of  the 
Extremities,  which  serves  as  a  parachute  when  the  onimaU  spring.  In  birds  the  body  is  specihcally 
A^ht ;  numerous  air  sacs  in  the  chest  and  belly  communicate  with  the  lung^.  and  with  the  cavities  of 
vnost  of  the  hones  (3  140).  The  modified  upper  eitremities  are  supported  by  the  coracoid  bone 
aa.nd  the  united  clavicles  or  furculum,  and  are  moved  by  the  powerful  pectoral  muscles  attached  to 
ft.he  keeled  sternum.  Marey,  by  means  of  his  revolving  photographic  camern,  h&^  analj'zed  all  tbe 
phases  of  llight  in  a  bird. 

[Werner  has  studied  the  movements  of  the  fingers  and  correhiled  these  movements  with 
crhangcs  in  the  nerve  centres  in  certain  diseased  conditions,  e.  f..  chorea.  An  india-rubber  tube  is 
3«ttiache«l  to  each  finger,  and  lhi.<t  *'  motor"  part  of  Ihe  apjiaratus  i^  connected  with  a  Marry's  tambour. 
'The  several  finger  tubes  are  fixed  10  an  arrangement  not  unlike  a  criclteier's  glove,  so  that  voluntary 
or  inToluntary  movements  of  the  fingers  can  be  registered  and  studied.] 

3xa.  VOICE  AND  SPEECH,  PHYSICAL  CONSIDERATIONS. 

— Tbe  blast  of  expired  air— and  under  ct;rtain  circumstances,  the  inspiratory 
"blast  also — b  employed  to  throw  the  tense  vocal!  cords  into  a  slate  of  regular  vibra- 
tion, whereby  a  sountf  is  produced.     The  sound  so  produced  is  the  human  voice. 

The  true  vocal  cords  are  really  elastic  membranous  reeds.  If  a  blast  of  air  be  forcibly  driven 
upward  through  tbe  partially  closed  glottis,  the  vocal  cords  ore  {Mishcd  asunder,  as  the  elastic  tenuon 
of  the  air  overcomes  the  resistance  of  tlie  cords.  After  the  escape  of  air  from  below,  ihe  cords 
rapidly  return  to  their  former  position,  and  are  again  pui^hed  asunder,  and  caused  to  vibrate- 

1.  Thus,  when  a  membrnne  vibrates,  the  air  must  be  alternately  condensed  and  roretted.  The 
candensatinn  and  rarefaction  are  the  chief  cause  of  the  tone  or  note  (as  in  the  siren),  not  so  mudi 
the  memltranca  tbeioselvcs  {y.  HelmhoHi). 
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2.  The  air  tube  or  **  porie  vente,"  conductiiig  ihc  air  to  ilie  membrane*  Id  man  k  tbc 
portion  of  the  larynx,  the  trdcben,  nod  the  whole  bronchial  system ;  the  bellows  trc  ic|iceicalcd 
the  chcsl  and  lung.<^,  whi(:)i  are  forcibly  diminishc-d  in  size  by  the  expiratory  niuMrles 

3.  The  eaviiic^  which  lie  above  the  mDmbrancs  coiutituic  "  resonators,"  anil  conust  of  ibe  ap    

part  of  the  larynx,  pharynx,  and  BlM>of  ihc  cavities  of  the  tiosc  and  mouth,  arranged,  •>  ii  were.    ^ 
two  «orie5,  ibe  one  over  the  other,  which  can  be  cli)^^!  alternately. 

The  pitch  of  the  tone  produced  by  a  mcmHraaotu  apparatus  depends  upon  ih«  fi^Wm* 
factors : — 

[a  I  On  the  length  of  the  claMic  me-nbranes  or  ptaies.  The  pitch  U  inversely  nroponinoal  In  t» 
ten)Tih  of  the  cta.iiic  membrane,  1.  e..  the  ^hotter  the  tnembrane  the  hi^jbcr  the  pilcb,  or  tfie  pra,^ 
the  number  of  vibrntinns  ytcr  second.  Hence,  tlie  pitch  of  a  cbildS  vocal  cords  (ibofter)  b  hi({F ^ 
than  that  of  an  adult. 

[h\  The  pitch  of  the  lone  ii  directly  proportional  to  the  square  root  of  the  amount  of  the  dncic^  , 
of  the  elastic  membrane.     In  menU^ronous  reeds,  and  also  with  lilk,  it  i<i  directly  proportional  to 
squire  root  of  the  extending  vrcight,  which  iu  the  case  of  the  larynx  is  the  force  of  the  mi 
rendering  the  cords  tense. 

(r)  The  tone  of  meml>mncu5  reeds  ifi  iwt  only  itrengihenfd  hy  a  morf  ^fiwer/m/  6/as/,  as 
amplitude  of  the  viliralions   is  incn-ased,  but   the  /UrA  ef  tkf  totu  may  also  bt  raised  al  the 
tune,  l>ecaii&e,  owin^  to  the  great  amplitude  of  (he  vibrntion,  the  mean  tension  of  the  elasic 
brane  is  increa-ied. 

id  )  The  supra-loryngenl  cnvitie«,  which  ocl  as  resonators,  are  also  tntUled  wlien  the  Uryna  -^^ , 
ftCtton,  so  thai  the  tone  proiJuced  by  these  cavilies  is  addrd  tn  ond  blende]  with  the  sound  oC  f^ 
eh.slic  mcmbrflnes,  whereby  certain  partial  tones  of  the  latter  are  Mrengihcned  ((4I5)<  Tbc  ^^Mat- 
acteriKtic  timbre  of  the  voice  largely  depends  upon  the  furm  of  the  resonalon. 

(/)  When  vocalizing,  the  strangest  resonance  lakeh   place  in   the  air  tuhrt,   as  ibcy  a^rmUxn 
Com|)re$scd  air.     It  causes  the  vocal  fremitus  which  U  audible  on  placing  the  ear  over  (be  «riiet 

(/)  Narrowing  or  dilating  the  glottis  has  no  effect  00  the  pitch  of  (he  tone,  only  with  a  %ri'le 
glottis  much  more  air  must  be  driven  through  it,  which,  of  cotu^c,  grra'ly  increases  the  work  oT  iSe 
thorax. 

313.  ARRANGEMENT  OF  THE   LARYNX.— I.   Cartilages  and 
Ligaments. — The  fundamental  part  of  the  larynx  consists  of  the  cricoid  cam- 
lage,  whose  small,  narrow  portion  is  directed  forward  and  the  broad  plate  l>a<k- 
ward.     The  thyroid  cartilage  articulates  by  its  inferior  cornu  with  the  posterior 
lateral  portion  of  the  cricoid.      This  [>ermits  of  the  thyroid  cartilage    rotating 
upon  a  horizontal  axis  directed  through  both  of  the  articular  surfaces,  so  lltat   the 
upper  margin  of  the  thyroid  passes  forward  and  downward,  while  the  joint  is  so 
constructed  as  to  permit  also  of  a  slight  upward,  downward,  forward,  and  back- 
ward movement  of  the  thyroid  upon  the  cricoid  cartilage.     The  triangular  aryte- 
noid cartilages  articulate  at  some  distance   from   the    middle   line,   with   ova.1. 
saddle-like,  articular  surfaces  placed  upon  the  upper  margin  of  the  plate  of  tV»e 
cricoid  cartilage.     The  articular  surfaces  permit  two  kinds  of  movements  on   t  '^ 
part  of  the  arytenoid  cartilages;  first,  rotation  on  their  base  around  their  veric^" 
cal  long  axis,  whereby  either  the  anterior  angle  or  processus  vocalis,  which       -^ 
directed  forward,  is  rotated   outward  ;  while  the  processus   muscularis,  which 
directed  outward  and  projects  over  the  margin  of  the  cricoid  cartilage,  is  route 
backward  and  inward,   or  convcn»ely.     Further,  the  arytenoids  may  be  slighil 
displaced  upon  their  bases  either  outward  or  inward. 

The  true  vocal  cords,  or  thyro-arytenoid  ligaments,  are  in  man  about  1^^^ 
raillimetres,  and   in  woman    11  millimetres  in  length,  and  consist  of  numerou^^^ 
elastic  fibres,     They  arise  close  to  each  other  from  near  the  middle  of  the  inner 
angle  of   the  thyroid  cartilage,  and  are  inserted,  each  into  the  anterior  angle  or 
processus  vocalis  of  the  arytenoid  cartilages.     The  ventricles  of  Morga^ni  per- 
mit free  vibration  of  the  true  vocal  cords,  and  separate  them  from  the  upper  or  false      "^ 
cords,  which  consist  of  folds  of  mucous  membrane.     The  false  vocal  cords  are        " 
not  concerned  in  phonation,  but  the  secretion  of  their  numerous  mucous  glands 
moistens  the  true  vocal  cords. 

The  obliquely  directed  under-surfacc  of  the  vocal  cord*  cauws  the  cordi  to  come  tofjetber  »e»y 
easily  when  the  glottis  is  narrow  during  reiipiration  (r.^.,  in  sobbing),  while  the  cUmoti  Bay  t« 
made  more  secure  by  respiration.     The  opposite  ts  the  coadiiioo  of  ttie  false  vocal  cords,  wliidbi 
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■hen  tibey  touch,  tre  easily  sepArated  during  inspiration;  while  daring  exptnttion,  owing  to  the 
Qilalion  of  the  ventricles  of  Morgagni,  they  costly  come  t<^ether  and  close  {Wyllu^  !•.  BruHton 

nd'  Cask). 

\  II.  Action  of  the  Laryngeal  Muscles. — Thc^e  muscles  have  a  double  func- 
tion ;  I.  One  connected  with  respiration,  in  as  far  as  the  glottis  is  widened  and 
narrowed  alternately  during  respiration  ;  further,  when  the  glottis  is  firmly  closed 
by  these  muscles,  the  entrance  of  foreign  substances  into  the  larynx  is  prevented, 
'rhe  glottis  is  clased  immediately  before  the  act  of  coughing  {§  120).  2.  The 
laryngeal  muscles  give  the  vocal  cords  the  proper  tension  and  other  conditions 
for  phonation. 

Fic.  .;5j. 
Fin.  35a, 


M.tK.-4xfOid 


M.«Llk 


Lsryax  from  the  \rcTM.  with  the  hsamenU  and  ihc  Inicr- 
t»on»  of  the  munclci.     0,k.,  O*  hyoideum ,   Ctk., 
Oirt.  ihyrtoiJca;  Corp.   trtl.,  Corpni  iriticcum ; 
Cf.,  Cart,  cricoirica;  C-'*'.,  Carl,  tr.ichealf*  ;  Lif. 
Utyr  -MjFcitt.  mtii.,    IJ|;;uiicntiiin  tliyreo-hyotrietun 
tedium;  /J^.  tk.-h.  iat.,  Ugam.  lliyrcoliyuidcuni 
iienkJe:    /./f.   cric.    thyf.    mil.,    I.i(;»m.    crico- 
yreoadcum    nicdlum ;     Lir.  crw.-trach. ,    Ligiun. 
CO'tncbcalc:  .1/.  5^.-A..  Miwi:.  slerno-hynldctu: 
..  Ik.-kjraiJ.,  MiHiC.  ihyrco-hyoidetu :  M.  il.-lk., 
fiwc.  slcnio-thyreokleus ;  jl/^fr.-/A.,  Miuc.  crioo- 
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Larynx  fmm  behind  after  ramoval  of  Ut«  nus* 
Ct«s.  E. ,  EpigWttU  cuthion  (W.)  ;  /,.  ar.- 
'/■<  tJg.  nry-epj^loltiruin  :  Mm..  Mcoi* 
Imtu  muccaa:  I.. IV.,  Cart.  Wrubcrgii; 
C.S.,  C*rl-  Santofini;  C.  Atjt.,  Cart. 
aryixnoidca:  Cc.  Cart,  crkoidea:  P,m,, 
PfoceutM  miHCuUrU  of  Can.  ar)tKn;  i.. 
cr.tsr.,  LigMin.  crko-arytKan;  C.».,  Ci>mii 
•uperlu*  ;  C.4.,  Ccmu  infcrhu  Can.  thyrc- 
oidca.  L.  cr.-tr.  /.  i'.,  LJiI.  kerato-cncol- 
deum.  |io«l.  liiC;  C./r.,Can.  trarhcalu  ; 
i*.M.tr.,  Pan  membranacea  trachea:. 


2,  The  glottis  is  dilated  by  the  action  of  the  posterior  crico-arytenoid 
nuscles.  When  they  contract  they  pull  botli  processus  niusculares  of  the  arytenoid 
artilages  backward,  downward,  and  toward  tlie  middle  line  (Fig.  356),  so  that  the 
srocessus  vocales  (I,  Ii  must  go  apart  and  upward  (II,  II).  Thus,  between  the 
/ocal  cords  (glottis  vocalis),  as  well  as  between  the  inner  margins  of  the  aryte- 
loid  cartilages,  a  large  triangular  space  is  formed  (glottis  respiratoria),  and 
[hcse  spaces  are  so  arranged  that  their  bases  corae  together,  so  that  the  aiKiriiire 
between  the  cords  and  the  arytenoid  cartilages  has  a  rhomboidal  form.  Tig.  356 
shows  the  action  of  the  muscles.  'I'he  vocal  cords,  represented  by  lines  converging 
in  front,  arise  from  the  anterior  angle  of  the  arytenoid  cartilages  (I,  I).     When 
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these  cartilagcji  are  rotated  into  the  positioo  (U»  11),  the  cords  take  the  position 
indicated  by  the  dotted  lines.  The  widening  of  the  respiratory  portion  of  the 
glottis  between  the  arytenoid  cartilages  is  also  indicated  in  the  diagram. 

Pathological. — AVhen  these  miucles  arc  paralyzed,  the  widening  of  the  glottiK  doex  not  take 
place,  and  there  may  be  sevctc  dyspntra  during  inspiration,  elihouch  ihc  voice  is  unaffected  {/{iegei, 
L.  Wtber),  In  a  larynx  jast  excised,  the  dllalors  are  the  Gnt  to  Tow  their  excitability  [Stmcm  amd 
Jferslty). 

2.  The  entrance  to  the  glottis  is  constricted  by  the  arytenoid  muscle 
(transverse),  which  extends  transversely  between  both  outer  surfaces  uf  the  aryie- 
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F"0.  355. 
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Larynx  fioui  )>cliind  willi  iu  muiclo.  S., 
Kpiglolii!.,  with  Uiti  cuihion  (W.),  C.W., 
C»rt.  Wrii,b«rKii:  C.S..  Can.  Sjinlorinl; 
C.c.,Carl,  cricotdea.  Cornu  sup.— Cornu 
Inf.,  CatI,  ihyicoidcai ;  M.  ar.  tr.,  Miuc. 
arytjEnoidciH  tniiKvmviit;  Afm.  ar.  M., 
Miiscttll  aryiauioidel  ohliqiii ;  M,  cr.-Awyt, 
foit.,  Mit-miki*  crico-aryucnoidciis  pp«l> 
kib;  Part  carl..  Pun  cartibginea ;  Par$ 
mrmi..  Pars  tnembraRxcea  iTEcheK. 


N«r»e»  of  itie  larynx.  O.A,  0»  lijroidmm ; 
CjA.,  Can.  ihyratidca ;  Ct  ,  Cart,  cricoi* 
d«ft  ;  yv..  Traclie*;  <W. /*.■.<»',,  M  thyrco* 
RrylBnwi(Jeu«  At,  tr.-ar,  /.,  M.  crict^ 
aryUcnoidcuft  poiticus;  M.  er.-ar,  /.,  M. 
cricoarvtiM),  lateralii ;  .*/,  cr.-tk.,  M-  crico- 
thyrcnirJoK;  //. /ar,  snjt.  v.,  N.  laryngcus 
»up. .  X./,.  Raraia  Inlcfniu  :  X.£.,  Kamu 
ext. ;  N.  /ar,  rtc.  r  ,  N.  Iaryn|{evit  rccttr- 
rens;  K.J.I/.L,R.,  Ramusini.:  R./l-VL  R., 
Rani)i«  cii.  ncrvilaryOEci  recurrrniis  v:is,i. 


noids  along  their  whole  length  (Fig.  357).  On  the  posterior  suriace  of  tliis  muscle 
is  placed  the  cross  bundles  (Fig.  354}  of  the  thyro-aryepiglolticus  (or  arylsenoidei 
obliqui)  ;  they  act  like  the  foregoing.  The  action  of  these  muscles  b  indicated  in 
Fig.  357;  the  arrows  point  to  the  line  of  traction. 

Pathological. — Paralysis  or  this  muscle  enfeebles  the  voice  and  makes  It  hoonc,  as  mudl  ^ 
esca{)es  between  the  arytenoid  cartilages  during  phonation. 

3.  In  order  that  the  vocal  cords  be  approximated  to  each  other,  which 
occurs  during  phonation,  the  processus  vocales  of  the  arytenoid  cartilages  must  be 
closely  apposed,  whereby  they  must  be  rotated  inward  and   downward-     This 
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result  is  brought  about  by  the  processus  muscularcs  being  moved  in  a  forward  and 
upward  direction  by  the  thyroarytenoid  muscles.  These  muscles  are  applied 
to,  and  in  fact  are  imbedded   in,  the  substance  of  the  elastic  vocal  cords>  and 


FlG.  356. 


Fig.  357. 
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Schematic  horintntal  MCtioa  «f  the  laryiu.  I,  pMilioD 
of  the  horUont»Ily  divided  •ryicnold  cjirtiufo  dur- 
!■■  mpinillon;  from  Iheir  itntvrioT  proccMC*  ruo 
the  conversing  vocal  corrlt.  1'he  arroiapsibow  iIm 
Hbc  of  tnmJoB  of  ihc  f^sttiri^r  swU^^ryttnaid 
nuacle*:  II,  ll.ilte  po«liion  iif  itte  dryicnoid  tnm- 
cln  a>  a  rsMill  of  ihU  adLoti. 


Schematic  hohionul  Mctlon  of  (he  Urynx,  to  iUiiilntte 
ihcactlon  of  ih«  ifyim^iJ  muu'te.  I,  I,  position  of 
the  arytenoid  cartiuKta  during  tiulei  mpiration.  The 
■TTows  indicvlv  the  dtnctioti  of  (he  coiitractton  of 
the  muack  :  II,,  II,  ihapoiiticui  of  ih«  arytaaotd  car- 
lilagn  after  (he  aryicnoidcui  wnlracu. 


their  fibres  reach  to  the  external   surface  of  the  arytenoid  cartilages.     When  they 

contract,  they  rotate  these  cartilages  so  that  the  processus  vocales  must  rotate 

inward.     The  glottis  vocalis  is  thereby  narrowed  to  a  mere  slit  (Fig.  35S),  while 

the  glottis  respiratoria  remains  as  a 

broad     triangular    ojiening.      The  Fin.  358. 

action  of  these  muscles  is  indicated 

»n  F'g-  358- 

The  lateral  crico-arytenoid 
muscle  is  inserted  into  the  anterior 
margin  of  the  articular  surface  of 
the  arytenoid  cartilage  ;  hence,  it 
can  only  pull  the  cartilage  forward  ; 
but  some  liavc  supposed  that  it  can 
also  rotate  the  arytenoid  cartilage 
in  a  manner  similar  to  the  thyro- 
arytenoid (?),  with  this  difference,  /  /jt 
that  the  processus  vocales  do  not 
come  so  close  to  each  other. 

Pathological. — Paralysis  or  both  ihyro- 
mrytcDoid  muscles  cmucs  toss  of  voice. 

4.  The  vocal  cords  are  ren- 


V 


Schema  of  the  clonire  of  th«  |[lottb  by  the  tkyr^-arjUw^id 
mvadea.  II,  II.  poiltion  «  the  arytenoid  cartibcea  A*f 
itkg  quiet  rcapiraiion.  The  >irrow>  inJIcaie  the  dltedlon  oC 
the  muacubr  tracUon.  I,  [,  potiiioo  of  the  arytenoid  or* 
lllafca  after  the  mu«cl«  contract. 


dered   tense   by   their   points   of 

attachment    being    removed    from 

each  other  by  the  action  of  muscles. 

The  chief  agents  in  this  action  are  the  crico-thyroid  muscles,  which  pull  the 

thyroid   cartilage   forward  and   downward.     At   the  same   time,    however,   the 
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posterior  crico-arytenoids  must  pull  the  arytenoid  cartilages  slightly  backward, 
and  also  keep  them  fixed. 

'llie  j^enio-hyoid  and  thyro-hyoid,  when  they  contract,  pull  the  thyroid  upward  and  forward 
toward  the  chin,  oiid  also  tend  to  increase  the  tension  of  the  vocal  cortU  [C.  Mayrr^  GrUfSMfr). 

Pathological. — I'aralysis  of  the  crico  th>Toid  causes  the  voice  to  become  harsh  and  de«p,  owing 
to  the  vocal  cordft  not  hdii^  sufficiently  tcnfic. 

Position  during  Phonation. — The  tension  of  the  vocal  cords  brought 
about  in  this  way  is  not  of  itself  sufficient  for  phonation.  The  triangular 
aperture  of  the  glottis  rcspiratoria  between  the  arytenoid  cartilages,  produced 
by  the  unaided  action  of  the  internal  thyro-arytenoid  muscles  (sec  3)  must  be 
closed  by  the  action  of  the  transverse  and  oblitjiie  arytenoid  muscles.  The 
vocal  cords  themselves  must  have  a  conrjive  margin,  which  is  obtained  through 
the  action  of  the  crico-thyroids  and  posterior  crico-arytenoids,  so  that  the  glottis 
vocalis  presents  the  appearance  of  a  myrtle  leaf  \HenU)^  while  the  rima  glottidis 
has  the  form  of  a  linear  slit  (Fig.  362).  The  contraction  of  the  internal 
thyro-arytenoid  converts  the  concave  margin  of  the  vocal  cords  into  a  straight 
margin.  This  muscle  adjusts  tlie  delicate  variations  of  tension  of  the  vocal 
cords  themselves,  causing  more  especially  such  variations  as  are  necessary  for 
the  production  of  tones  of  slightly  different  pitch,  jVs  these  muscles  come  close 
to  the  margin  of  the  cords,  and  are  securely  woven,  as  it  were,  among  the 
elastic  fibres  of  which  the  cords  consist,  they  arc  specially  adapted  for  the  above- 
mentioned  purpose.  When  the  muscles  contract,  they  give  the  necessary  resistance 
to  the  cords,  thus  favoring  their  vibration.  As  some  of  the  muscular  fibres  end 
in  the  elastic  fibres  of  the  cords,  these  fibres,  when  they  contract,  can  render  cer- 
tain parts  of  the  cords  more  tense  than  others,  and  thus  favor  the  modifications  in 
the  formation  of  the  tones.  The  coarser  variations  in  the  tension  of  the  vocal 
cords  are  produced  by  the  separation  of  the  thyroid  from  the  arytenoid  cartilages, 
while  the jf«rr  variations  of  tension  arc  produced  by  the  thyro-arytenoid  muscles. 
The  value  of  the  elastic  tissue  of  the  cords  does  not  depend  so  much  upon  its 
extensibility,  as  upon  its  property  of  shortening  without  forming  folds  and  creases. 

Pathological. — In  paralysis  of  these  muscles,  the  voice  can  only  be  produced  by  forcible  expira- 
tion, as  much  air  escapes  through  the  glntti>; ;  the  lonesare  at  the  !Uinieliine  deep  and  impure.  Paralj- 
sis  of  the  muscle  of  one  side  cauijcs  lliipping  of  the  vocal  cord  on  that  side  (Cerhardt). 

5.  The  relaxation  of  the  vocal  cords  occurs  spontaneously  when  the 
stretching  forces  cease  to  act ;  the  elasticity  of  the  displaced  thyroid  and  arytenoid 
cartilages  comes  into  play,  afid  restores  them  to  their  original  position.  The  vocal 
cords  are  also  relaxed  by  the  action  of  the  thyroarytenoid  and  lateral  crico- 
arytenoid muscles. 

It  is  evident,  from  the  above  statements,  that  tension  of  the  vocal  cords 
and  narrowing  of  the  glottis  are  necessary  for  phonation.  The  tension  is 
produced  by  the  crico-thyroids  and  posterior  crico-arytenoids ;  the  narrowing  of 
the  glottis  rcspiratoria  by  the  arytenoids,  transverse  and  oblique,  the  glottis  vocalis 
being  narrowed  by  the  thyro-arytenoids  and  f?  lateral  crico-arytenoids),  the  former 
muscles  causing  the  cords  themselves  to  become  tense. 

Nerves  (§352,5). — The  crico-thyroid  is  supplied  by  the  superior  lar>'ngeal 
branch  of  the  vagus,  which  at  the  same  time  is  the  sensory  nerve  of  the  mucous 
membrane  of  the  Iar>'nx.  All  the  other  intrinsic  muscles  of  the  larynx  are  supplied 
by  the  inferior  laryngeal. 

The  mucous  membrane  of  the  larynx  is  richly  sapplied  with  elastic  fibres,  and  so  is  the  snb- 
muco&a.  The  &ub  mucosa  is  more  lax  near  the  entrance  to  the  glottis  and  in  the  ventricles  of  Mor- 
gagni,  which  explains  the  enormous  swcllii^  tliat  sometimes  occurs  in  these  )>arts  in  cedema 
gtotlidts.  A  thin,  clear,  limiting  membrane  lies  under  the  epitiielium.  The  epithelium  is  Ktratified, 
cylindrical,  and  ciliated  with  intervening  goblet  cells.  On  the  Irue  vocal  cords  and  the  Anterior  sur- 
face of  the  epiglottis,  however,  this  is  replaced  by  stralilied  squamous  epithelium,  which  coven  the 
small  papilhc  of  the  inucotu  membrane.     Numerous  branched  mucms  glands  occur  over  the  car* 
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_  of  WrUbcrg,  (he  cushion  of  the  epiglottis,  and  In  the  ventricles  of  Morgngni ;  io  other  siitu- 
ins,  ms  on  the  poitterior  ftutfttce  of  the  larynx,  the  gland<!are  more  scattered.  The  blood  vcsscIb 
rm  a  dtiise  cnpillnry  plexus  under  the  inemtirana  propria  of  the  mucous  metnhranc :  under  Ibis, 
Virevcr,  there  nre  other  two  striu  of  blood  vessels.  The  lymphatics  form  a  superficial,  narrow 
eshwork  Qoder  ibc  blood  capillaries,  with  a  deeper,  coarser  plexus.  The  medullated  nerves 
pre  ganglia  in  their  branches,  liul  their  nnxlc  of  tcnninntion  is  uiiknowo.  [\V.  Stirling  has 
iMcribed  a  rich  sut>-epiihelial  plexus  of  meduUated  nerve  fibres  on  the  anterior  .surface  of  the  epi- 
jottls.  while  he  finds  that  there  are  ganglionic  cells  in  the  course  of  the  superior  lar^'ngcal  nerve.] 
|Cartils£e8. — 'Hie  thyroid,  cricoid,  and  nearly  the  whole  of  the  njytcnoid  cartilages  const!!  of 
fa/iHf  cartilage.  The  two  former  are  prone  to  ossify.  The  apex  and  processus  vocalis  of  the 
[jtcnoid  cartilages  con<iist  oi y*Uo;o /ilirii-cartihs^fy  and  so  do  all  the  other  cartilages  of  the  larynx. 

The  lar>nx  grows  until  about  the  sixth  year,  when  it  rests  for  a  time,  hut  it  l>ccomes  again  much 
(CEcr  at  puberty  {\  434). 

FHi.  359. 
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^-v^ 
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I. 


hnical  wctvoB  through  ihe  Wj^'X  jikI  nerk,  10  the  fir«l  doraal  *«rt«bn>.  tt,  ptMJttoti  of  the  laryncMCop«  on 
I  obcervinv  the  pcnterior  pan  of  the  {{lattiii,  irytenoid  cartiUccs,  and  upper  vtmace  of  the  pottnior  wull  of  tha 
.  Xtkryjix;  i.  Its  potitkm  o»  oUkcrvinjt  the  anterior  nngle  of  the  t[loiti>.  l^iye,  m,  and  ^,  vituUl  lAryngotCQpic 
'      tnirroM. 

3x4.  LARYNGOSCOPY.— Historical.— Afitf  Uozzini  (1807)  gave  the  first  impube  toward 
Im  inTcstigatinn  nf  the  internal  cavities  of  the  lx)dy.  \yy  illuminating  litem  with  the  aid  of  mirrora, 
^bington  (1829)  actually  observed  the  glottis  in  this  way.  'lite  famous  i'ingcr,  Manuel  Garcia 
SS54),  made  Investigations  both  on  himself  and  other  singers,  regarding  the  movements  of  (he 
"ocal  cords,  during  respiration  and  phonation.  The  examination  of  the  larj-nx  by  means  of  the 
iryngoscope  wm  rendered  practicable  chiefly  by  Ttlrck  (1S57)  and  Czcrmak,  the  latter  observer 
King  the  tir?-t  to  nse  the  light  of  a  lamp  for  the  illumination  of  the  larynx.  r<hino.scopy  was  actu- 
Py  first  practiced  by  Baum^a  (1S38),  but  Czermak  was  the  &rat  person  who  investigated  this  subject 
llfiicmalically. 
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The  Laryngoscope  consists  of  a  small  mirror  fixed  to  a  long  handle,  ai  an  ai^le  of  135*  to 
130°  (Fig.  359,  a,  6).  When  the  month  is  opened,  and  the  tongue  ilrmwn  rorword,  iHc  mirror  is 
inlrodijced,  as  is  shown  in  Fig.  360.  The  posiliou  of  the  mirror  must  I>c  varied,  according  to  lie 
portion  of  the  larynx  wc  wish  to  fxamine;  in  some  cases,  the  .soft  palale  has  to  be  raised  by  the  back 
uf  the  mirror,  as  in  the  position  d.  A  picture  of  the  part  of  the  larynx  examined  is  formed  in  Lbe 
small  mirror,  the  rays  of  li^ht  passing  in  the  tlirectiun  indicated  by  the  doited  lines  from  the  mirror; 
they  are  rcHccted  at  the  same  angle  through  the  mouth  into  the  eye  of  the  observer,  who  must  place 
himself  in  the  direction  of  tlie  reflected  rays. 

The  illumination  of  the  larynx  is  accomplished  either  by  mean«  of  direct  Bunlight  or  by  lifftit 
from  an  artilicial  source,  c.^'.,  an  ordinary  lamp,  an  oxybydroj^cn  limelight,  or  the  electric  li^L 

Fia.  360. 


r^-i 
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Method  of  examlulng  the  luynx. 

*The  beam  of  light  impinges  ii\ion  z  ^v» cave  mirreroi  15  to  20  centimetres  focus,  and  to  ceutimdrca 
m  wiiltb,  and  fiom  its  surface  the  concentrated  beam  of  light  is  rcilected  through  the  mouth  of  the 
patient,  and  directed  ujion  the  small  mirror  held  in  the  liack  part  of  the  throat  The  beam  of  light 
18  Tcfircird  al  the  same  angle  toward  the  larynx  by  the  small  throat  mirror,  so  that  the  larynx  is 
brighily  illuminated.  The  observer  has  now  to  direct  hi*  eye  in  the  same  direction  as  rhe  dlu'mina- 
tjng  rays,  which  can  be  accomplished  by  having  a  hole  in  the  centre  of  the  concave  mirror,  through 
which  the  observer  loolo..  IVactically,  however,  ibis  is  unnecessary  ;  all  that  is  necessary  is  to  Hk 
the  concave  toirror  to  the  forehead  t^  means  of  a  broad  elastic  band,  so  that  the  observer,  by  looking 


Fig.  361. 


just  under  the  margin  of  the  concave  mirror,  can  see  the 
piaure  of  the  larynx  in  the  small  throat  mirror  (  Fig.  360). 

In  order  to  examine  the  larynx,  place  the  patient  imme- 
diately in  front  of  you,  and  cau!.c!  him  lo  open  his  mouth 
and  [utjtrude  his  tongue,  A  lamp  is  placed  at  the  side  of 
the  head  of  the  patient,  and  light  from  this  source  is 
reflected  from  the  concave  minor  on  the  observer's  fore- 
head, and  conccnimtcd  upon  the  laryngoscopic  mirror 
introduce<l  into  the  back  part  of  the  throat  of  the  patient 
(Fig.  360).  "^ 

Ocriel  was  able  by  mcins  of  a  rapid  intermiilenl  illu- 
min.ilii>n  of  the  larynx  through  a  stroboscopic  disk,  lo 
study  the  movements  of  the  vncal  cords  directly  with  the 
eye.  Simanowslcy  put  a  photographic  camera  in  the  po- 
sition of  the  eye  and  photogmphed  the  movements  of  the 
vocal  cords  of  an  artilicial  larynx.  [Brown  and  ISehnkc 
have  photographed  the  human  vocal  cords.] 

Laryngeal    Electrodes. —  v.    Ziemssen    inlroJooes 

long  narrow  electrodes  into  the  lar>'nx,  to  MimuKite  the 

or8aani;Z.;».*.,fiiUcvocai«rd»:  A.p*-   musclcs  find  Study  ihar  actions     Rocsbach  finds  that  the 


The  laryiuc,  as  t,<tn  wiiS  tht  laryngtMCope.     L., 
'ollit.  A.  E' (iriiD  vocaI  cord*:  i  Jl/l,  ijnus 


Tbose  methods  are  used  both  for  ph- 
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Picture  of  the  Larynx. — Fig.  361  shows  the  following  structures:  Z.,  the 
root  of  the  tongue,  with  the  ligamentum  glosso-epiglotticum  continued  from  its 
lid  die ;  on  each  side  of  the  latter  are  K  K,  the  so-called  vailecuiie.  The  epi- 
glottis  {£.')  appears  like  an  arched  upper  Up;  under  il,  during  normal  respiration, 
nre  the  lancet-shaped  ^/^///.r (^. )  and  on  each  side  of  it  the  fruf  vocal  cords i^L.v.'). 
The  length  of  the  vocal  cord  in  a  child  is  6  to  8  mm.,  in  the  female  10  to  15  ram. 
-when  they  are  relaxed,  and  15  to  20  mm.  when  tense.  In  man.  the  lengths  under 
the  same  conditions  are  15  to  20  mm.  and  zo  to  25  mm.  The  breadth  varies 
from  2  to  5  mm.  On  the  external  side  of  each  vocal  cord  is  the  entrance  to  the 
jinus  of  Morgagrti  {S.Af),  represented  as  a  dark  line.  Further  upward  and 
more  external  are  (Z.  ik  j.)  the  upper  or  /a/sf  vocal  cords.  [The  upper  or  false 
-vocal  cords  are  red,  the  lower  or  true,  white.]     On  each  side  of  P.  are  (5. 5.), 


Fiu.  \h^. 


■> 


imi 


Ticw  of  itkC  nngs  iind  Wuruirioii  of 
Iradica. 


Posiiioo  of  (ha  Uryi^oMOpic  mirror  in  rfainoKopr. 


^    ^ 

r 

■  the  apices  of  the  cartilages  of  Santonm,  placed  upon  the  apices  of  the  arytenoid 

■  cartilages,  while  immediately  behind  is  the  wall  of  the  pharynx,  P,  In  the 
aryteno-epiglottidean  fold  arc  {IV.  IV.)  the  cartilages  of  Wrisl>erg,  while  outside 
these  arc  the  depressions  (  5./.)  constituting  the  sinus  pirifonttcs. 

During  normal  respiration,  the  glottis  has  the  form  of  a  lancet-shaped  slit 
between  the  bright,  yellowish-white,  vocal  cords  (Fig,  ,;62).  If  a  deep  inspira- 
tion be  taken,  the  glottis  is  considerably  widened  (Fig,  363),  and  if  the  mirror 
be  favorably  adjusted  we  may  see  the  rings  of  the  trachea,  and  even  the  bifurcation 
of  the  trachea. 

If  a  high  note  be  uttered,  the  glottis  is  contracted  lo  a  very  narrow  slit 
(Fig.  362). 
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Rhinoscopy.— If  a  Miiall  mirror,  fixed  lo  a  handle  at  an  angle  of  ioo°  lo  i  lo",  be  tntiodaced 

into  the  pharynx,  ms.  shown  in  tig.  364,  and  if  Uie  mlr- 
Fig.  365.  ror  l>e   directed   i//>n'rjr4/.  certain   stnicturcs    are  with 

tliflicully  rrDtlered  visible  (Fig.  365).  In  the  middle 
xs  the  5cptum  norium  [S.  «.},  and  on  each  side  of  it 
the  long  oval  large  posterior  nares  {CA.),  below  this  the 
soft  palate  {P.m\v\\)i  che  pendant  uvula  {t'.).  In 
the  pnsterior  nares  are  the  posterior  extremities  of  (be 
lower  (Ci'.j,  middle  (C.w.),  and  upper /Mr^'/rci/i'i/i^M/i 
( C.S.).  At  the  upper  part,  a  portion  of  the  roof  of  the 
pharynx  {0.ff.'\  is  seen,  with  the  arched  massies  of 
adenoid  tissue  lying  between  the  openings  of  the  Eusta- 
ehian  lubes  ( T.  7'.),  «nd  called  by  Luirchka  the  /•haryn- 
gfni  tonsili.  External  to  the  o|>euinga  of  the  l'ltL*.tachtan 
tube  is  the  tubular  emineme  (  W.),  and  outride  thb  is 
the  groove  of  KoAcnrnflUer  {R^. 

Experiments  on  the  Larynx. — Fcrrein  (I  741) 
and  Joh.  Miiller  made  expcriraeuts  uiwo  the  excisca 
larynx.     A  tracheal  lube    wa^   tied   into   the   excised 
Compo»ite  rhtnoKopIc  view.    5.i»,,  Sepnim  nari-    hunion  larynx,  and  air  wiis  blown  through  il.  the  ^r^Ar- 
iurbi.«t«;d  bon«;  T,  Eiifuchian  lube;    /*'..    ^ure  being  measured  by  rneum  of  a  mcrcurul  mano- 
lubuinr  cinlnefMre ;  R. ,  ijroovr  of  Rosenmailcr ;    meter,  while  various  ornuigeoicnts  were  adopted  fof 
p.  m..  tott  paUw ;  <7.  A .  r«.r  of  pluir>-n«  1  t/.,   putUng  Uic  vocal  cord*  on  the  sUelch  and  for  opening 


uvnU. 


or  closing  the  glottis. 


315.  CONDITIONS  INFLUENCING  THE  LARYNGEAL 
SOUNDS. — The  pitch  of  the  note  emitted  by  the  larynx  depends  ui>on^ 

1.  The  Tension  of  the  Vocal  Cords,  /'.  <r.,  upon  the  degree  of  contraction 
of  the  crico-thyroid  and  posterior  crico-arytenoid  muscles,  and  also  of  the  internal 
thyro-arytenoids  (§313,  11,  4)- 

2.  The  Length  of  the  Vocal  Cords. — (a)  Children  and  females  with  short 
vocal  cords  produce  high  notes,  (d)  If  the  arytenoid  cartilages  are  pressed 
together  by  the  action  of  the  arytenoid  muscles  (transverse  and  oblique),  so  that 
the  vocal  cords  alone  can  vibrate,  while  their  intercartilaginous  portions  lying 
between  the  processus  vocalcs  do  not,  the  tone  thereby  produced  is  higher 
(^Garcia).  In  the  production  of  low  notes,  the  vocal  cords,  as  well  as  the  margins 
of  the  arytenoid  cartilages,  vibrate.  At  the  same  time  the  space  above  the  entrance 
to  the  glottis  is  enlarged  and  the  larynx  becomes  more  prominent.  ((-)  Every 
individual  has  a  certain  medium  pitch  of  his  voice,  which  corresponds  to  the 
smallest  possible  tension  of  the  intrinsic  muscles  of  the  lar>'nx. 

3.  The  Strength  of  the  Blast.— That  the  strength  of  the  blast  from  below 
raises  the  pitch  of  the  tones  of  the  human  larynx  is  shown  by  the  fact,  that  tones 
of  the  highest  pitch  can  only  be  uttered  by  powerful  expiratory  efforts.  With 
tones  oi  medium  pitch,  the  pressure  of  the  air  in  the  trachea  is  160  mm.,  with  high 
pitch  200  mm.,  and  with  very  high  notes  945  ram.,  and  in  whispering  30  mm.,  of 
water  {Cagniard-Laiour).  These  results  were  obtained  in  a  case  of  tracheal 
fistula. 

Accessory  Phenomena. — The  following  as  yet  but  partially  explained  phenomena  are  observed 
in  connection  with  the  production  of  high  notes:  (.1)  As  the  pilch  of  the  note  rise*,  the  larynx  is 
elevated.  (Muily  because  ilie  muscles  raising  it  are  active,  partly  becau-ie  the  increased  tntra-tracfaeal 
pressDre  »o  lengthen?!  the  trachea,  that  the  larynx  ib  thervby  nusetl ;  the  n\'ula  Is  raised  tnore  and 
more  {Labut).  [b)  The  upper  vocal  cords  approumate  to  each  other  more  and  more,  wiihoot,  how- 
ever, coming  into  contact,  or  |>articipating  in  the  vibrationi.  {c)  Tlu  epiglottis  indines  more  and 
tnore  backward  over  ihe  glottis. 

4.  The  falsetto  voice  with  its  soft  timbre  and  the  absence  of  resonance  or 
pectoral  fremitus  in  the  air  tubes  is  jiarticularly  interesting.  Oertel  observed  that, 
during  the  falsetto  voice,  the  vocal  cords  vibrated  so  as  to  form  nodes  across  them, 
but  sometimes  there  was  only  one  node,  so  that  the  free  margin  of  the  cord  and 
the  basal  margin  vibrated,  being  separated  from  each  other  by  a  nodal  line  (par- 
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alleJ  to  the  margins  of  the  vocal  cord).  During  a  high  fal^ietto  note,  there  may  be 
three  such  nodal  lines  paraUol  to  each  other.  The  nodal  lines  are  produced 
proliably  by  a  partial  contraction  of  the  fibres  o(  the  ihyro-arytenoid  muscle 
(P-  5^.1)1  ^'hile  at  the  same  time  the  vocal  cords  must  be  reduced  to  as  thin  plates 
as  possible  by  the  action  of  the  crico-thyroid,  posterior  arytenoid,  thyro-  and 
genio-hyoid  muscles  {Oerte/).  The  form  of  the  glottis  is  elliptical,  whde  with 
the  chest  voice  the  vocal  cords  arc  limited  by  straight  surfaces;  the  air  also  passes 
more  freely  through  the  larynx. 

Oertcl  aUo  found  that  tluring  (lie  falsetto  voice  the  qiiglottu;  ii  erect.  The  apices  of  the  aiyte* 
nold  carttlii£e«  are  slightly  inclined  bock, ward,  the  whole  larynx  is  lu^cr  from  before  backward,  aod 
DUTower  from  side  tu  side,  the  arye|>iglotiidcan  folds  arc  tense  with  sharp  marsins,  and  the  entrance 
to  the  Tentricles  of  Morgagni  is  narrowed.  The  rocal  cords  are  narrower,  the  processus  vocales 
touch  each  other.  The  rolnttnn  of  the  arytenoid  cartilages  oecestary  for  this  is  brought  about  fay  ibc 
actkm  of  the  crico- arytenoid  alone,  while  the  thjro-arytenoid  is  to  l>e  regarded  only  05  an  accessory 
aid.  Ilie  pitch  of  the  note  is  increased  solely  by  increased  tension  of  die  vocal  cords.  In  addition, 
there  arc  a  number  of  tronsrerv!  and  longitudinal  partial  vibrations.  During  the  cheat  voice,  a 
smaller  part  of  the  marfjin  vibrates  than  in  the  falsetto  voice,  so  that  in  the  production  of  the  loiter 
we  arc  conscious  of  less  muscular  exeflion  in  the  larynx.  The  uvula  is  raised  to  the  hoiitoiiial 
pontioo. 

Production  of  Voice. — In  order  that  voice  be  produced,  the  following  condi- 
tions are  nc-ccssary :  (1)  The  necessary  amount  of  air  is  collected  in  the  chest ; 
(2)  the  larynx  and  its  parts  are  fixed  in  the  proper  position  ;  (3)  air  is  then  forced 
by  an  cxpirator}^  effort  either  through  the  linear  chink  of  the  clossed  glottis,  so 
that  the  latter  is  forced  open,  or  at  first  some  air  is  allowed  to  pass  through  the 
glottis  without  producing  a  sound,  but  as  the  blast  of  air  is  strengthened  the  vocal 
cords  are  thrown  into  vibration. 

316.  RANGE  OF  THE  VOICE,— The  range  of  the  human  voice  for 
chest  notes  is  given  in  the  following  scheme:  — 
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1[tlBacciifn|>n()ytng  figuivs  indicate  the  number  of  vibrations  per  second  in  the  corresponding  tone. 
IttievtdenI  that  from  r'  lo  /'  is  common  to  all  voices,  ncvrrthcle^,  iliey  have  a  dinerent  timbre. 
The  lowest  note  or  tone,  which,  however,  is  ooly  occasionally  sung  by  bass  singers.  Is  the  ctHilra-F, 
with  42  vibradoQs — the  highest  note  of  the  soprano  voice  ts  a*'*^  with  170S  nhntkicu. 

Timbre, — The  voice  of  every  individual  has  a  peculiar  guality^  clan^y  or  timbret 
which  depends  ujxjn  the  shape  of  all  the  cavities  connected  with  the  larynx.  In 
the  production  of  nasal  fonts,  the  air  in  the  nose  is  caused  to  vibrate  strongly,  so 
that  the  entrance  lo  the  nares  must  neces.<iarily  be  open. 

3x7.  SPEECH— THE  VOWELS.— The  motor  processes  connected  with 
the  production  of  speech  occur  in  the  resonating  cavities,  the  pharynx, 
mouth,  and  nose,  and  are  directed  toward  the  production  of  musical  tones  and 
noises.  *  -. 
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Whispering  and  Audible  Speech. — When  sounds  or  noises  arc  produced 
in  ihe  resonating  chambers,  the  larynx  being  passive,  the  vox  clandcstin*,  or 
>vhispering  is  produced  :  wlien  the  vocal  cord:>.  however,  vibrate  at  the  hjbm 
timC}  "audible  speech  "  is  produced.  [Whispering,  therefore^  is s^jeech  vilh- 
out  voice.]  Whispering  may  be  fairly  loud,  but  it  requires  great  exertion,  r,  t.,t 
great  expiratory  blast  for  its  production;  hence  it  is  very  fatiguing.  Itnuybi 
performed  both  with  inspiration  and  expiration,  while  audible  speech  is  bnt  inn- 
porary  and  indistinct,  if  it  is  produced  during  inspiration.  Whispering  is  cau«d 
by  the  sound  produced  by  the  air  passing  over  the  obtuse  margins  of  the  cords. 
During  the  production  o^  auHibh  sounds,  however,  the  sharp  margins  of  thcTocil 
cords  are  directed  toward  the  air  by  the  position  of  the  processus  vocales. 

During  sixcch  tlic  sofi  palate  is  in  action ;  at  cacli  word  it  a  tat&cxl,  while  at  ilie  unr  tttac, 
Fassavant's  transverse  band  is  fomicd  In  the  pharynx  ({  156).  The  soft  palate  is  raiied  hi^dl 
when  u  and  i  are  &uunded,  Ihcn  with  0  atid  f,  and  leaa  with  a.  When  sounding  m  and  0  Udca 
not  move;  it  is  high  (like  n}  during  the  utterance  of  the  explosives.  With  I,  s,  and  especialtf  *)lk 
the  guttural  r,  it  cxhiDils  a  trembling  movemeut  {Gen/ifti,  J-'aliion), 

Speech  is  composed  of  vowels  and  consonants. 

A.  Vowels  (analysis  and  artificial  formation,  ^  415). — A.   During  whisper'      ^ 
ing,  a  vowel  is  the  musical  tone  produced,  cither  during  expiration  or  inspinnon,^! 
by  the  inflated  characteristic  form  of  the  mouth,  which  not  only  has  a  defimieW| 
piuh^  but  also  a  i)arlicular  and  characteristic  timbre.     The  characteristic  form  of 
the  mouth  may  be  called  **  vowel  cavity  J** 

I.  The  pitch  of  the  vowels  may  be  estimated  musically.  It  is  retnarkable  that  the  teg- 
mental tone  of  the  "vowel  cavity"  Is  nearly  constant  at  different  ages  and  in  the  sexes.  Tlic 
different  capacities  of  ihc  mouth  can  be  compcnsaicd  fur  by  di&ercni  sizes  of  ihe  oral  aMtlob 
The  pitch  of  the  vowel  cavity  may  be  estimate*!  by  placing  a  number  of  vibrating  tuning  fccta  rf 
different  jutch  in  front  of  the  mouth,  and  testing  them  until  we  fmd  the  one  whi(^  oorrapoodl  I 
with  Ihe  fundimentil  lone  of  the  vowel  cavity.  This  is  known  by  the  fact  that  the  tone  of  Ai  , 
taning-fork  is  inten&ilicd  by  the  reionante  of  the  air  in  the  mouth,  or  the  vibralians  maj-  be  ln» 
femd  to  a  viLmiiing  meaiU'ane  and  recorded  fm  a  smoked  sorfacc,  as  in  the  phofuotogn|A  ^ 
Donders. 

According  to  Konig,  the  lundamental  tones  of  the  vowel  cavity  are  for 

U  =  b,  0  =  b',  Ar=b",  Errb"',  1  —  b"". 

If  the  vowels  be  whispered  in  this  series,  we  find  at  once  that  their  pitch  riscfci 
The  fundamental  tone  in  the  production  of  a  vowel  may  vary  within  certain  limill.| 
This  may  be  shown  by  giving  the  mouth  the  characteristic  position  and  Iheo  ] 
cussing  the  cheeks  {^Auerbacfi) ;    the  sound   emitted  is  that  of  the   vowel,  wftc 
pitch  will  vary  according  to  the  position  of  the  mouth. 

When  sounding  A,  the  mouth  has  the  form  of  a  funnel  widening  in  front  (Fig.  366,  A).  "Hk 
tongue  lies  in  the  lloor  of  the  mouth,  and  the  Ups  are  wide  open.  'Ibe  soft  palate  is  suHlcnx^T 
raised  {^Ciermak),  It  is  more  elevated  snccessivdy  with  O,  F.  U,  I.  The  byoid  banc  apfxsn  ** 
if  at  rest,  but  the  larynx  is  slightly  raised.     It  is  higher  than  with  L\  Imt  lower  than  with  I. 

If  wc  sound  A  lo  I,  the  larynx  and  the  hyoid  bone  retain  their  reiiitive  poiiuun,  but  both  v* 
raised.  In  passing  from  A  to  U,  the  larynx  is  depres^d  as  far  as  possible.  The  hyoid  boMpsW 
slightly  forward  {^Briuke).  When  sounding  A,  the  space  between  the  larynx,  p€»lenor  waHoft^* 
pfajirynx,  ^.ofi  palate,  and  the  mot  of  the  tongue,  is  only  modemtety  wide  ;  it  becomes  wider  iritk  ti 
and  especinlly  with  I  \  /'nni-inje).  but  it  is  .".mallert  with  U. 

When  sounding  U  ( Tig.  366),  the  form  uf  the  cavity  of  the  month  is  like  that  of  a  eapaCi'M 
ftask  with  a  shorl,  narrow  neck.      The  whole  resonance   apparatus  is  then   longesL     The  lip*''' 

(}rotrutled  as  far  as  possible,  are  orraiiged  in  folds  and  closed,  leaving  only  a  small  opeoing.  Tkc 
orynx  is  depressed  as  far  as  possible,  while  the  root  of  the  tongue  is  approximated  to  the  potfctiv 
margin  of  (be  palatine  arch. 

When  Bounding  O,  ihc  mouth,  as  in  U.  Is  like  a  wide-bcUied  flaak  with  a  dort  iteck,  M  tk 
latter  is  shorter  and  wider  as  the  lips  are  nearer  to  the  teeth.  The  larynx  is  sJigfaLly  bigbcr thtn 
with  U,  while  tlic  resonance  chnmliers  also  are  shorter  (Fig.  366). 

When  sounding  I,  the  cavity  of  the  mouth,  at  the  posterior  part,  is  in  the  form  of  a  smsllh 
flask  with  a  long  narrow  neck,  of  which  the  belly  has  the  fundamental  tone,  f,  ibe  neck  ilul  of 
The  resonating  chambers  are  shortest,  as  the  larynx  ia  raised  u  much  as  possible*  while  the  1 
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owiDg  to  the  retraclion  of  the  lipc,  ts  bounded  in  front  by  ibe  teeth.    The  cavity  between  the  hard 

fsltte  and  the  back  of  the  tongue  Is  exceedingly  natrow,  there  being  only  a  median  narrow  slit. 
lence,  the  air  can  only  enter  wtih  a  clear  ptpini;  ncnse,  which  sets  even  the  vertex  of  ihe  skull  in 
vibration,  and  when  the  can  are  sto|>pcd  the  sounds  Accm  very  fthrill.  When  the  larynx  is  dcprcucd 
and  (tie  li|><i  protruded,  as  for  soiuHlin^  Li,  I  catmut  be  sounded. 

When  sounding  E,  which  stands  next  to  I,  the  caviiy  has  also  the  form  of  a  flask  with  a  small 
belly  ^fundamental  tone,  f'^,  and  with  a  lung,  narrow  neck  (fundamental  lone,  h'").  The  neck  is 
vidcr,  M  that  it  docs  not  give  rise  to  a  piping  noise.  The  larynx  i&  tlighily  lower  than  for  I,  but 
not  so  high  as  for  A. 

Fundamentally,  there  are  only  ikrrt primary  voweU — I,  A,  U,  the  others  and  the  so-called  diph- 
thongs standing  l)clwcen  ihcm  (BriicA^). 

Diphthongs  occur  wlicn,  i/uring  vocaiisaiion,  wc  pass  from  the  position  of  one 
vowel  into  that  of  another.  Distinct  diphthongs  are  sounded  only  on  passing 
from  one  vowel  with  the  mouth  wide  open  to  one  with  the  mouth  narrow ;  during 
the  converse  process,  the  vowels  api>ear  to  our  ear  to  be  separate  (Br&cJke). 

II.  Timbre  or  Clang  Tint. — Besides  its  pitch,  every  vowel  has  a  special 
timbre,  quality,  or  clang  tint. 

The  vocal  timhre  of  LI  (whispering)  has,  in  addition  to  its  fundamental  tone,  b,  a  deep  piping 
timbre.  The  timbre  depends  ujxui  the  number  and  pilch  of  the  partialt  or  overtones  of  the  vowel 
sound  (8  4«5)- 


Fic.  366. 
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Scclim  of  lh«  pam  coocemiKl  in  phonalloft.     Z,  tonrn :  /.  toft  |adalc:  f,  r|>lKlullift  :  /-.gluttu:  A.hyofd  botw;  1, 
thyroid,  a,  3,  cricood,  4,  aryictiotd  dutilajtc. 

NbssI  Timbre. — The  timbre  is  modified  in  a  special  manner  when  the  voweli  are  spoken  with  a 
**  nasal"  twang,  which  is  Urgely  the  ca»e  in  the  l*'icnch  language.  The  nasal  lirabre  is  produced 
by  the  sod  palate  not  cutting  off  the  nnsal  cavity  completely,  which  happens  every  time  a  pure  vowel 
ia  aounded,  10  that  the  air  in  the  naxal  carity  is  thrown  into  sympathetic  vibration.  When  a  vowel 
is  (poken  with  a  na^al  timbre,  air  t>as5es  ont  of  the  nose  and  mouth  sitnultaoeoasly,  while  with  a 
pure  vowel  sound,  it  ira»«e&  out  only  through  the  mouth. 

When  Kiunding  a  pure  vowel  (con-nasal),  the  shutting  off  of  the  nasal  cavity  ftom  the  mouth  is 
■o  complete,  that  it  re()uires  an  artifictal  pressure  of  30  to  100  mm.  of  mercury  to  overcome  it 
{//artmann). 

The  vowels  a,  ft  (te),  Ti  (oc),  o,  e,  are  used  with  a  nasal  timbre— a  nasal  i  docs  not  occur  in  any 
language,  Orlainly  it  is  very  difFtcull  to  sound  it  thus,  becaute  when  sounding  i,  the  mouth  i<t  mi 
narrow  that  when  the  pa&sage  to  the  ncHe  is  open,  the  air  [wsses  almost  completely  through  the 
latter,  while  the  small  amount  pauing  through  the  mouth  scarcely  sufBces  to  produce  a  sound. 

In  soumling  vowels,  we  must  observe  if  they  are  toumted  through  a  previously  closed  glollts,  aa 
it  done  in  the  (ierman  language  in  all  words  beginning  with  a  vowel  (spintas  lenit).  The  glottia. 
however,  may  \)c  previously  opened  with  a  preliminary  breath,  followea  by  the  vowel  sound;  we 
obtain  the  aspirate  vowel  (spiritos  aspcr  of  the  Greeks). 

B.  If  the  vowels  arc  sounded  in  an  audible  tone,  /'.  e.^  along  with  the  sound 
from  the  larynx,  the  fundattaental  tone  of  the  vocal  cavity  strengthens  in  a  charac- 
teristic manner  the  corresponding  partial  tones  present  in  the  laryngeal  sound 
(  Wheaisiom,  v.  Heimholti). 
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3x8.  CONSONANTS. — The  consonants  are  noises  which  are  produced  at 
certain  pans  of  the  resonance  chamber.  [As  iheir  name  denotes,  they  can  only 
be  soimUctI  in  conjunction  with  a  vowel.] 

Classification. — The  mast  obvious  clas&ifjcstion  is  according  to  (I)  Their  acettstic  propertUst  bo 
that  tliey  arc  dtvide<l  inio  (i)  liquid  consonnnts,  1.  r.,  such  as  are  appreciable  without  a  vowel  (nii 
n,  I,  T,  s) ;  (2)  mutts,  including  all  the  others,  which  cannot  be  di^tinclly  heard  wiihnut  an  accom- 
panying vowel.  (II)  According  to  their  tntchaniim  of  formation  ^  as  well  a&  the  lype  of  the  orgaa 
of  s[>«rch,  l>y  which  Ihcy  arc  ]jruduced.     They  are  divided  into^ 

1.  ExplosivcB, — Their  enunciation  ts  accompanied  liy  a  Icind  of  burMing  open  of  an  obstacle, 
or  ao  explosion,  occasioned  by  the  confined  and  compreucd  air  which  causes  a  stronger  or  weaker 
noise;  or,  conversely,  the  current  of  air  is  suddenly  tnlerrupieH,  while,  at  the  same  time,  the  nasal 
Cnvilies  are  cut  off  by  tlie  soft  palate. 

2.  Aspirates,  in  which  one  pan  of  the  canal  is  cotutrictcd  or  slopped,  so  that  the  atr  rushes  oat 
through  the  constriction,  causing  a  faint  whistling  noise.  (The  nasal  cavity  is  cut  off.)  In  uttering 
I.,  which  is  closely  related  to  the  aspirates,  but  differs  from  thcio  in  that  the  narrow  passage  for  the 
rush  of  air  is  not  in  the  middle,  but  at  both  sides  of  the  middle  of  the  closed  part  (Ihe  nasal 
cavity  i^  shut  o(T.) 

3.  Vibratives,  which  are  prodnced  by  air  being  forced  throt^  a  narrow  portion  of  the  canal,  so 
that  the  margins  of  the  narrow  tube  are  set  in  vibration.     (The  nasal  cavity  is  shut  oflT. ) 

4.  Reaonants  { ab^  oaltcd  nasals  or  semi-vowcU).  The  nawil  cavity  ts  completely  free,  while  the 
vocal  canal  is  completely  closed  in  the  front  part  of  the  oral  chnuncl.  According  to  the  position  of 
the  ob!«truciion  in  the  oral  cavity,  the  air  in  a  larger  or  .tmallcr  portion  of  the  mouth  is  thrown  into 
sympathetic  vtbratinn. 

Wc  may  also  classify  ihem  according  to  \.\\^  position  tn  which  they  are  produced 
— the  '*  articulation  positions"  of  Briicke.     These  are: — 

A.  Between  both  li|«i ;  B,  between  the  tongue  and  the  hard  palate ;  C,  between 
the  tongue  and  the  soft  palate  \  D,  between  the  tnie  vocal  cords. 

./.    Consonants  of  the  First  Articulation  Position. 

1.  Explosive  Labials. — b,  the  voice  is  sounded  before  the  slight  explosion  occurs;  p,  the  voice 
is  sounded  after  tlie  much  stronger  explosion  lias  taken  place  (/Canptien).  [The  former  is  spoken 
of  as  "  voiced  "  and  the  latter  as  "  breathed."] 

2.  Aspirate  Labials. — f,  between  the  upper  mcisor  teeth  and  the  lower  lip  (labto-dcntal).  It  is 
absent  in  all  true  SInvic  words  (/^Mfv^iil/):  v,  between  ix>th  lips  (labial) ;  w  is  formed  when  the 
raoutb  is  in  the  position  fur  f,  but  instead  of  merely  forcing  in  the  air,  the  voice  is  sounded  at  the 
same  time.  Really  there  are  two  dlHcrcnt  w^-oue  corresponding  to  the  labial  f,  as  in  wilrde,  and 
the  labio-denlal,  e.g.,  quelle  (Brikki), 

J.  Vibrative  Labials. — The  burring  sound,  emitted  by  grooms,  btit  not  used  in  ctvlKsed 
language. 

4.  Resonant  Labials.— m  is  formed  essentially  by  sounding  the  voice  whereby  the  air,  is  tbe 
mouth  and  nose,  is  thrown  into  5)-inpathettc  vibration  ["voiced"]. 

B»   Ctmsonanis  of  the  Second  Articulation  Position, 

1.  The  explosives,  when  enunciated  sharply  and  without  the  voice,  are  T  hard  (also  dt  and 
th) ;  when  thc)-  are  feeble  and  produced  along  wUh  simultoneou^  laryngeal  sounds  (voice),  we  have 
D  soft. 

3.  llie  aspirates  embrace  S,  including  s  sharp,  written  s  a  or  s  x,  which  is  produced  without 
any  audible  laryngeal  vibration  ;  or  soft,  which  rcijuircs  the  voice.  Tben,  also,  there  are  modifica- 
tions according  to  the  position  where  the  noises  arc  produced.  The  shaq>  aspirates  include  Scb, 
and  the  hard  English  Th  ;  to  the  soft  belong  the  French  J  sod,  and  the  Engluh  Th  soft.  L,  which 
occurs  in  many  modifications,  appears  here,  e.g.,  the  L  soft  of  the  French.  L  may  be  sounded  soft 
with  the  voice,  or  sharp  without  it. 

3.  The  vibrative.  or  R,  which  is  generally  voiced,  but  it  can  be  former!  without  the  larynx. 
The  resonants  are  N  sounds,  which  aLso  occur  in  several  modilicutions. 

C.   Consonants  of  the  Third  Articulation  Position. 
t.  The  explosives  are  the  K  sounds,  which  are  hard  and  breathed  and  not  voiced;  Q  sounds, 
which  are  voiced. 

2.  The  aspirates,  when  hard  and  breathed  but  not  voiced,  the  Ch,  and  when  sounded  softly  and 
not  voiced,  J  is  formed. 

3.  The  vibrative  is  ihc  palatal  R,  which  is  produced  by  vibmiivm  of  ihe  u«iila  {Br-a^hA 

4.  The  resonant  is  thc  palatal  N. 
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D.   Comonants  of  the  Fourth  Articulaticm  Positi&n. 

I.  An  exploifve  sotind  docs  nnt  occur  when  Ihe  glottis  is  forced  o[icn,  if  a  vowel  \%  Inudljr 
Koondcd  with  the  glottis  previously  dosed.  If  this  occun  during  whispering,  a  feeble  sbori  tioisc, 
due  to  the  sudden  opening  of  the  gloitii,  may  be  bciinl. 

1.  The  mspiratcB  of  the  glottis  are  liic  H  sounds,  which  arc  produced  when  the  glottii »  moder* 
alely  wide. 

3.  A  (rlottis  vibrative  occiin  in  the  so-called  laryngeal  R  of  lower  Saxon  {BrBcki), 

4.  A  laryngeal  resonant  cannot  exist. 

The  combination  of  different  consonants  is  accomplished  by  the  succc>^ivc  movements  necessary 
for  each  l>ein(i  rapidly  executed.  Compound  consooonts,  however,  are  such  a5  are  formed  when  the 
oral  port*  are  adjusted  Minultaneouslv  f»r  two  different  cortsonants,  so  thai  a  mixed  sound  u  Ibnnod 
from  two.     Examples:  Sch— tsch,  tz,  ts — Ps  (V)— K«  (XS). 

319.  PATHOLOGICAL  VARIATIONS  OF  VOICE  AND  SPEECH.— Aphonia.— 

IVralyiU  of  tht-  mr<or  iicrvts  (va;;uA)  of  the  larynx  by  injury,  or  ibe  pressure  of  tumori,  causes 
aphonia  or  loss  of  voice  \Gaien).  In  aneuri&m  nf  the  arctic  arch,  the  1«R  recurrent  nt;r\'c  may 
be  paratyied  from  pressure.  The  laryngeal  nerves  may  be  temporarily  pftr.ity«cd  by  rheumatism, 
over-excnion,  and  hv-stcria,  or  by  «rou-^  effliMons  into  the  latynccal  muscles.  If  the  tensors  are 
paraly/ed,  monotonia  is  the  chief  result :  the  disturbances  of  respiration  in  paralysis  of  the  larynx 
are  important.  As  long  as  the  respiration  is  tranquil,  there  may  be  no  disturbance,  but  a»  soon  as 
increased  respiration  occurs,  great  dy&pnuea  sets  in,  owing  to  the  inability  of  the  glottic  to  dilate. 

If  only  one  vocal  cord  ii  |>ara1yzed,  the  voice  becomes  impure  and  falscttolikc,  while  wc  may 
feel  irom  without  that  there  is  less  vibration  00  the  paralyrcd  side  (<7/M<m//),  S<jmt?times  the 
vocal  cords  are  only  so  far  paralyietl  tlut  they  do  not  move  during  phooation. but  do  so  during  forced 
respiration  and  during  coughing  (phonetic  paralysis). 

Dlphthon^ia. — Incomplete  unilateral  paralysis  of  the  recurrent  nerve  is  somelimey  followed  by 
a  double  tone,  owing  tn  the  unequal  tension  of  the  two  vocal  cords.  Acconling  to  TQrck  and 
Schnitzler,  however,  the  double  tone  occurs  when  the  two  vocal  cords  touch  at  some  part  of  ihcir 
coune  \e^.,  from  the  presence  uf  a  tumor,  Fig.  j67)t  >^  that  the  glottis  is  divided  into  two  unequal 
)>oriions,  each  of  which  produces  its  own  sound. 

Hoarseness  is  caused  by  mucus  upon  the  vocal  cords,  by  roughness,  swelling,  or  lainess  of  the 
conls.  If,  while  siieaking,  the  cords  are  approximated,  and  suddenly  touch  each  other,  the  "speech 
is  broken,''  owing  to  thefotniatioiiof  notlal  points  (g  352).  Disease  of  the  pharynx,  nasopharyngeal 
cavity,  and  uvula  may  produce  a  change  in  the  voice  reflexty. 

Paralysis  of  the  soft  palate  (as  well  as  congenital  perforation  or  cleft  palate)  causes  a  nasat 
limbrt  of  all  vowds;  the  former  renders  ditficalt  the  normal  formation  of  consonants  of  the  third 
articulation  (Misition ;  resonance  is  imperfect,  while  the  explonves  arc  weak,  owing  to  the  escape  of 
tlie  air  through  the  nose. 

Paralysis  of  the  tongue  weakens  I;  E  and  A  (>E)  are  less 
easily  pronounced,  while  the  formsiion  of  coosonatits  of  the 
icccnd  and  tliird  arliculalion  itosiiinn  is  affected.  Tlie  term 
aphtbongia  is  applied  to  a  condition  in  which  every  attempt  to 
sjjcak  is  followed  by  spasmodic  muvcmcnls  of  the  tongue 
{fleury). 

In  paralysis  of  the  IJpa  {/adai  nfrve),  and  in  hare-lip, 
regard  mu^tt  l>e  had  to  the  formation  of  consonants  of  the  lirsl 
ankulaiioo  position.  When  the  nose  U  closed,  the  !»peech  has  0 
characteristic  M>uud.  Tlte  normal  formation  of  rcsunants  ts  of 
course  at  an  end.  After  exd-^ion  uf  the  larynx,  a  metal  reed, 
enclosciJ  in  a  lube,  and  acting  liVr  an  nrtiticiol  larynx. is  introduced 
lietwccii  Ihe  trachea  luid  the  cavuy  of  the  mouth  {Ctrmy). 

Stammering  is  a  distuibnnce  of  the  formation  of  sounds. 
[Stammering  i^  due  to  long-conlinucd  >>paiinodic  contraction  of  the  diaphragm,  just  as  hiccough  ts 
l{  I30),  and,  thererore.  it  is  euenlially  a  spasmodic  inspinuion.  As  speech  depends  upon  Ihe 
expiratory  blast,  the  spasm  prevents  expiration.  It  may  be  bnHighi  about  by  mental  excitement  or 
emotional  conditions.  Hence,  the  treatment  of  stammering  is  to  regulate  the  respirations.  In  stutter- 
ing, which  is  defective  speech  due  to  in.ibility  19  form  the  proper  sounds,  the  breathin|^  is  normal.} 

3ao.  COMPARATIVB—HtSTORlCAL.— Speech  may  be clasRified  with  the  "expresaion 
of  the  emotions"  (Otimiin).  INychical  cxaiement  caui><3  in  moo  characteristic  movements,  in 
which  certain  groups  of  miuclcs  are  always  concerned,  e.^.,  laughing,  weepmg,  the  facial  exprcsxion 
m  anger,  pain, shame,  etc.  'Iliese  movements  afibrd  ameanswherctiyone  creature  c;in  communicate 
with  another.  IVimarily  in  their  origin,  the  movements  of  expression  are  rtfUx  motor  phenomena; 
when  they  arc  produced  for  purf»oiic»  of  explanation,  they  arc  votuntarj-  imiiabons  of  thi*  reflex. 
Ilcside*  the  emotional  movenle^t^,  impresAtons  ujxjn  the  ^ense  organs  produce  characteristic  reflex 
tnovements,  whi«h  may  be  used  for  jnirposes  of  expression  (6'/i^^/'),r/.,5trol{ingor  painful  stimula- 
liun  of  the  skm,  movements  after  smelling  pleasant  or  unpleasant  or  disagreeable  odore,  tlie  action  of 
•oaad  and  light,  and  the  perception  of  alt  kinds  of  objects. 
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COMPARATIVE  AND    HISTORICAL. 


T^e  exprcuioa  of  the  emoiioM  occurt  in  its  aimplnt  form  in  what  is  known  u  exprcssioa  bf  I 
means  of  signs  or  poniomimc  or  mimicry.    Another  means  is  die  imitation  of  sounds  by  the 
or^aii  of  (ipecch,  constituting  anamafvf<oc}y,  e.g.,  the  hissing  of  a  slrt-am,  tlic  roll  of  ihonder.  ibe 
tumult  of  a  storm,  whistling,  etc.     The  expression  of  speech  is,  of  course,  dependent  upon  the  [)ro- 
cess  of  ideation  and  pcrcepiioa. 

The  canrrfHit  of  different  sounds  in  dilTcrcnt  languages  is  very  interesting.  Some  languages 
(«.^.,  of  the  Hurons)  have  no  labiaU  ;  in  some  South  f>ea  Islands,  nu  laxyitgcal  sounds  axe  spoken; 
/  is  absent  in  Sanscrit  and  Finnish ;  (he  short  e,  o,  and  the  soft  sibilants  in  Sanscrit ;  </,  in  Oiinese 
and  Mexican:  s,  in  mviny  Polynesian  languages;  f,  in  Chinese,  etc. 

Voice  in  Animals. — Animals,  more  especially  the  higher  lorms,  can  express  their  emotions  by 
facial  and  other  gestures.  The  vocal  organ*-  of  mammals  ore  essentially  lUc  same  as  those  of  roan. 
Si^rcial  resonaH'f  organs  occur  in  the  orang-outang,  mandril,  macacus,  and  mycctts  monkeys,  in  the 
form  of  Urge  cheek  pouches,  which  can  he  inflated  with  air,  and  open  belweeu  the  larynx  and  the 
byoid  I  .one. 

Birds  hare  an  upper  (larynx)  and  a  lower  larynx  (syrinx) ;  the  latter  is  placed  at  the  bjfurcatioa 
of  ihe  trachea,  and  is  the  true  vocal  organ.     Two  fulds  of  mucous  membrane  ^hree  in  singing  birds)  i 
project  into  each  brunchus,  and  are  rendered  tense  by  muscles,  and  are  thus  adapted  to  serve  for  the' 
production  of  voice. 

Among  reptiles,  the  tortoises  produce  merely  a  sniffing  sound,  which  in  (he  Emys  has  a  peculiar 
piping  character.  The  blind  snakes  arc  voiceless,  the  chameleon  nnd  the  liiards  have  a  very  feeble 
voice  :  the  cayman  and  crocodile  emit  a  frcble  roaring  sound,  which  is  Vnx  in  some  adults  owing  to 
changes  in  the  larynx.  The  snokei  have  no  special  vocal  organ*,  but  tiy  forcing  out  air  from  their 
capacious  lung,  they  make  a  peculiar  hissing  sound,  which  in  some  species  is  loud.  Among  amphi- 
bians, the  f(Qg  has  a  larynx  provided  with  muscles.  Tlie  sound  emitted  without  any  muscular 
action  is  a  deep  intermittent  tone,  while  mure  forcible  expiration,  wilh  contraction  of  the  laryngeal 
constrictors,  causes  a  clearer  continuous  sound.  The  male,  in  Kana  esculcnta,  has  at  each  ^ide  of 
the  angle  of  the  moLith  a  sound  bag,  which  can  be  inflated  with  air  and  acts  as  a  resonance  cliamber. 
The  "  croaking"  of  the  male  frog  is  quite  characteristic.  In  Pirn,  the  larynx  is  provided  with  twa 
cartilaginous  rods,  which  ore  thrown  into  vibration  \iy  the  blast  of  air.  and  act  like  vibrating  rods  or' 
the  limbs  of  a  tuning  fork.  Some  fishes  emit  sounds,  either  by  nibbing  together  the  upper  and 
lower  phar)'ngeal  Ixjnes,  or  by  the  expulsion  of  air  from  the  swimming  bladder,  mouth,  or  anus.  I 

Some  insects  cause  sounds  partly  by  forcing  Ihe  expired  air  through  their  stigmata  pruvided  with 
muscular  reeds,  which  are  thus  thrown  into  vibration  (hers  and  many  djptcra).  1'bc  wings,  owing  | 
to  the  rapid  contraction  of  their  musclc:>,  may  also  cause  sounds  (dies,  cockroach,  bees).  The 
Sphinx  airopos  (death-head  moth)  forces  air  from  its  sucking  stomach.  In  others,  sounds  ore  pro-  ' 
duced  by  nibbing  their  legs  on  the  wing  cases  (.'\cridium3,  or  the  wing  cases  on  each  other  ((Jryilus, 
locust),  or  on  the  thorax  I^Ccrambyx],  on  the  leg  ((><:^itrupes),  on  the  al)domcii  or  the  margin  of  the 
wing  (Nekrophonis).  In  Cxadaci^e,  membranes  are  pulk-d  upon  by  muscles,  and  are  thus  caused 
to  vibrate,     hiictioii  sounds  are  produced  between  the  cephalo-thorax  and  the  al>doinen  in  some 

spiders  (Thcridium),  and  in  some  crabs  (Palmurus).     Some  mollusca  (Pcctcn)  emit  a  sound  on : 

separating  their  shclts.  ^^H 

Historical. — The  Hippocralic  School  was  aware  of  the  fact  that  diviMon  of  trachea  sbolisbw^B 
the  voice,  and  that  the  epiglottis  prevented  the  entrauce  of  food  Into  the  larynx.  Aristotle  made 
numerous  observations  on  the  voice  of  animals.  The  true  cause  of  tlie  voice  escaped  him  as  well  as 
Galen.  Oalen  observed  complete  loss  of  voice  after  double  pneumoihornx.  after  section  of  the 
intercostal  muscles  or  their  nerve«,  as  well  as  after  destruction  of  part  of  the  spinal  cotcI,  even 
although  the  diaphragm  still  contracted.  He  gave  the  cartilages  of  the  lnr)*ox  the  names  that  still 
distinguish  ihcm;  be  knew  same  of  the  laryngeal  muscles,  au<l  asserted  that  voice  was  jiroduced 
only  when  the  glottis  wa.s  narrowed.  He  compared  the  larynx  to  a  duie.  'llie  weakening  of  the 
voice,  In  feeble  conditions,  especially  after  loss  of  blood,  was  known  to  the  ancients.  Dodait  (I7CX>) 
wAs  the  first  to  explain  voice  as  due  to  the  vibration  of  the  vocal  cords  by  the  air  passing  bctwceu 
them. 

The  production  of  vocal  sounds  attracted  much  attention  among  the  ancient  .Vialicsand  Arabians 
— less  among  the  Greeks.     Pictro  Ponce  (11584)  was  the  first  to  advocate  in*iructinn  in  the  art  of 
i^)cakiDg  in  ca.'^-tof  <Iunibncss.     Racnn  (1638)  siudtcv:!  ihe  shape  of  the  mouth  fur  the  pmnuncialioa  j 
of  the  various  sounds.     KratEcnstein  (17S1)  made  an  artificial  apparatus  for  the  production  of  vowelj 
sounds,  Ifj"  placing  roonalors  of  various  forms  over  vibrating  reeds.     Von  Kempelen  (1760  to  I'ptJ 
constructed  the    hrsl  ^jxraking  machine.     Rob.  WilHi  (1 828)  found  that  an  elastic  %'ibraling  sprin_ 
gives  the  vowels  in  the  series — L*.  O,  A,  E,  I — according  to  the  depth  or  height  of  its  lone ;  funher,! 
that  by  lengthening  or  «>hortcning  an  artificial  resonator  on  an  artilicial  vocal  apparatus,  the  vowels  | 
may  be  obtained  in  the  same  series.     The  newest  and  most  importint  Investigations  on  speech  arc  hr  | 
Wheolstune,  v.  Helmholtz,  Donders,  Brilcke,  etc.,  and  arc  mentioned  in  the  context,     llensen  *oc- 
ceeded  in  showing  exactly  the  pitch  of  vocal  tone,  thus:     The  tone  is  sung  against  a  KOnig'sai)»«/e 
with  a  gas  flame.     OppoHtc  the  Hume  is  placed  a  tuning  fork  vibrating  horizoaially. and  infmnf 
of  one  of  its  Umbs  is  a  mirror,  in  which  the  image  of  the  flame  is  reflected.     Wh*^  thev'**'' "" 
the  same  number  of  vibrations  as  die  tunini;  f>rk,  the  flame  in  ihe  mirio' 
double,  i.e.,  the  octave,  z,  .nnd  with  the  double  octav 
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321.  STRUCTURE  OFTHE  NERVE  ELEMENTS.— Thenervous 

elements  present  iwu  disiinct  fonns:  — 

I.  Nerve  Fibres.  I  ^""•T,^","'""'-     II.  Nerve  Cells.  |  Of^ri^us  forms 
—        -    .    _      ^  Mediillatcd. {     and  functions. 

An  aggregation  of  nerve  cells  constitutes  a  nerve  ganglion.  The yf/^r^j  repre- 
sent a  cimducfing  apparatus,  and  serve  to  pTace  tlic  central  nervous  organs  in 
connection  with  peripheral  end  organs.  The  nerve  cells,  however,  1>esides  trans- 
mitting impulses,  act  as  physiqh^ical  centres  for  automatic  or  reflex  movements, 
and  also  for  the  sensory,  perceptive,  trophic,  and  secretory  functions. 

I.  (x)  The  non-meduUated  nerve  fibres  occur  in  several  forms: — 

X*  firfaaUive  FibrUs. — Ttie  Bimplcst  form  of  nerve  5bre,  which  is  vinble  vith  a  nut^ifyiiiG; 
power  of  500  to  800  diametcn  linear,  consists  of  primitive  nerve  fibrils.  They  are  vei^  delicate 
fihre^  (Kig.  368,  I),  often  with  imall  varicose  swellings  here  and  (here  in  their  eoun«,  which,  how- 
ever, arc  due  lo  chaises /<»J/-«ffr/^w.  They  are  stained  of  a  brown  or  purplish  color  by  the  gold 
chlondc  method,  and  they  occur  when  a  nerve  fibre  tx  near  its  termination,  being  forme>l  by  the 
splhting  up  of  the  aiis  cylinder  of  the  nerve  fibre,  t.  g.,  in  the  terminations  of  the  corneal  nerves, 
the  optic  nerve  layer  in  the  retina,  the  terminations  of  (he  olfactory  fibrca,  and  in  a  plexiform 
arrangement  in  non-Mriped  muscle  (p.  510).  Similar  6ncfibriIsoccur in  the  gray  matter  of  the  brain 
and  spinnl  cord,  and  in  the  finely  divided  processes  of  nerve  celli. 

a.  Naked  or  simple  axial  cylinders  (Fig.  368,  2),  which  represent  bundles  of  primitive  filirila 
held  together  by  a  slightly  granular  cement,  so  that  they  exhibit  very  delicate  longitudinal  striatton 
with  fine  granules  scattered  in  their  course.  The  best  cuample  is  the  axial  cylinder  process  of  nerve 
cells  (Fig.  368,  I,  x).  [The  thickness  of  the  axis  cylinder  depends  upon  the  numl>cr  of  fibrili 
entering  into  its  Cvtrnpotition.] 

3.  Axis  cylinders  surrounded  with  Schwann's  sheath,  or  Remak'a  fibres  (3.8  to  6.8  ft  brood), 
the  latter  name  being  given  to  them  from  their  discoverer  (Fig.  368,  3).  [These  fibres  are  also 
called  paU  QT  non-meduUated,  and  from  their  abundance  in  the  sym[>at[ie(ic  nervous  system, 
jjrmpathetic.']  They  consist  of  a  sheath,  conesponding  to  Schwann's  shealh  [neurilemma,  or 
primitive  sheath,  which  encloses  an  axial  cylinder;  while  lying  here  and  there  under  the  sheath,  and 
between  it  and  the  axial  cylinder  are  nerve  corpuscles.  These  fibres  are  always  fibrillated  longitudi- 
nally]. The  sheath  is  delicate,  structureless,  and  clastic.  Dilute  adds  dear  the  fibrils  without 
causing  them  to  swell  up,  while  gold  chloride  nukes  them  brownish-red.  They  are  widely 
distributed  in  the  sympathetic  nerves,  {f.g.,  splenic],  and  in  the  branches  of  the  olfactory  nerves. 
All  nerves  in  the  embryo,  as  well  as  the  nerves  of^many  invrrtebrata,  are  of  this  kind.  [Accord- 
ing 10  Kanvicr.  these  tibrea  do  not  possess  a  sheath,  but  the  nuclei  are  merely  applied  to  the  surface, 
or  slightly  eml>eddcd  in  the  superficial  parts  of  the  fibre,  »o  Ihal  they  belong  to  the  fiWe  itself.  TItese 
fibres  also  hraMth  and  form  an  anastomosing  network  (Fig.  370).  This  the  medullated  filres 
never  do.  These  fibres,  when  acted  on  by  ^ver  n<lraic,  never  show  any  crosses.  The  branched 
fonns  occur  in  the  ortlinsry  nerves  of  distribution,  and  they  are  numerous  in  the  vagus,  but  the  al£ic- 
tory  nerves  have  a  distinct  sheath  which  is  nucleated.] 

(a)  Medullated  fibres  occur  .also  in  several  forms: — 

4.  AxUjEjrlindcrs,  or  nerve  fibrils,  covered  only  by  a  medullary  sheath,  or  white  sahstanc* 
^••filwAnii,  are  met  with  in  the  white  and  groy  mailer  of  the  central  nervous  system,  in  the  opUc 

•rv  nerves,     'llicsc  mtdullated  mrve  fibrti,  without  tiny  nfunUmma,  often  show  after 

tntn  in  I  heir  course  [due  to  the  accumulation  of  fluid  between  the  medulla  of 

"der.]      lUucc  they  are  called   wtrieott  fibres.     [The  varicose  appearance 

Q£  *  'null  piece  of  the  while  matter  of  the  sptnal  cord  between  a  slide 
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Prinitiii-e  fitirilUe;  j.  asb  cylinder:  3.  Rcnulc'k  liltrci:  4,  medulbtcd  varlcotc  fibre  :  5,6,inf;<<ri 
ScItwAnii'i  theulli  :    r,  ncurilcmmii :  t.l,  kanvlvt'o  nodei;  t>,  while  uitMUnce  of  Schwann  . 


doncuhiim  ;  n,  akU  cylinder  ,  j,  myelin  diops;  7,  tntniTcne  mcuod  of  nerve  fibre*  :  3,  ner^'c  i 
lann  »  lino.     1,  tnullipolar  nerve  cell  from  the  Npinjl  c«nf ;  x.  . 


Willi 
en- 
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silver  nitrate  and  Kbowlun  Fromann  »  lino.  1,  tnuliipolar  nerve  cell  from  theNpinjI  c«nf ;  x.  a--^'-  ■...■..  .^i  (uo- 
ccss :  y,  protopUsmic  proce«^r» — to  the  right  nf  il  *  bipolar  cell.  II,  i>eHpker»l  gxngiioaic  ccii,  with  •  coa- 
ncctivciU>sue  capsule.    Ill,  ganglionic  cell,  wlllt  >>,  a  tpiral,  luxl  m,  ati»l|;Bt  ptx>cc6s :  m,  »be«Oi. 

coraplex  nerve  fibres,  und  are  10  lo  32.6  n  [-rw^tm^o  j^^  inch]  broad.  They  are  moat  niunccoiu  ia, 
and  in  faci  they  make  up  the  great  moss  of,  inecerebro-xpinalnervea.ahhoDghlberanr  also  present  In 
ihe  sympathetic  nerve*.  [\Mici»  examined  in  tlie  fresh  and  living  condiiion  /«  iitu,  ihcy  a^rpcor  refirac- 
iWc  and  honx>geneoiM  (^«T»i'i>r,  Sfirlm^) ;  Imt  if  acted  upon  by  reagents,  tliej-  are  no(  only  rcfractiirr, 
\'i\3l  exhibit  a  UoubU  conlour.  the  marpos  being  dark  and  wdl  defined]     Each  fibre  comists  of — 
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[i.  8chwnn'iraheath,(iiiMirilimniB,)or  primitive  shcnth  ; 

2.  White  substance  of  Schwann,  medullary  sheatli,  or  myelin  ; 

3.  Axis  jfylinder  cuniposed  uf  fibiit&and  surruuiidul  by  a.  shcoih  called  the  axilemma; 

4.  Nerve  corpuscles.] 

A.  The  axis  cylinder,  which  occupies  *\  (o  \  of  the  breadth  of  the  fibre,  is  the  cstenlial  part 
of  the  nerve,  and  lies  in  the  centre  of  the  fibre  like  the  wick  in  the  centre  of  a  candle  (Fig.  36S,  6, 
«7  ').  Its  usual  shape  iscylrndrical,  Initsumetinies  it  is  flattened  or  pLiced  eccentiically — [this  is  mo&t 
j:>robably  due  to  llic  hardc niny  process  employed].  It  is  com|>ase(i  oi  fibrili  [united  by  cement  or 
^^Cxoma;  they  become  more  obvious  near  the  lerminaiions  of  the  nerve,  or  after  the  action  of 
c~«agen is,  which  sometimes  cause  the  6bcils  to  appear  beaded.  It  is  (juite  transjiarent,  and  staiiu 
«-i<-cply  with  carmine  or  logwood!,  while  during  life,  its  consilience  is  semi-fluid.  Acconling  to 
Kupffcr,  a  fluid — "  neuroplasma  — lies  between  the  fibrils  [while,  according  to  other  obicrvcra. 
tlic  whole  cylinder  i.<(  cnclo5c<]  in  an  elastic  .sheath  [Kcutiar  to  itself  and  composed  of  neurolcemiin. 
Iliis  sheath  t*.  colled  by  Kiihnc,  ihcaxUeoima.  Each  axis  cylinder  is  an  enonnously  long  process 
of  a  gaujflionic  cell]. 

Fromann's  Lines. — Chloroform  and  collodion  render  it  visible,  while  it  is  most  easily  isolated 
a^  a  solid  rod,  by  the  action  of  nitric  acid  with   exce»(  of  potassium  chlorate.     \Vhen  acted  on 
L%^-  silver  nitrate,  Fromann  observed  transverse  markings  on  it,  but  their  agnificance  is  imknown 
|<Fis.36S,S). 

B.  The  white  substance  of  Schwann,  medtdlary  sheath  or  myelin,  surrounds  the  axis 
oylinder,  Uke  an  nisiUitiny  medium  around  an  electric  wire.  In  the  perfectly  fresh  condition  it  is 
c^uitc  homt^cneous,  highly  glistening,  bii^^ht,  and  refractive;  tlsconftsience  is  flukl,  so  that  it  oozes 
out  of  the  cut  ends  of  the  tibres  in  spherical  drops  { Kig.  368,  x)  [myelin  drops,  which  are  always 
xnarked  by  concentric  tines,  are  highly  refractive,  and  best  seen  when  :i  frc>>h  nerve  Is  tca^d  in  salt 
solution].  After  death,  or  after  the  action  of  reagents,  it  shrinks  slightly  from  the  sheath,  so  that 
Cbe  fibres  linve  a  double  contour,  while  the  sulrtiance  itself  breaks  up  into  smaller  or  larger  dropleu, 
ciue  not  to  coagulation  [Pcrtikn  but,  according  to  Tolilt,  to  a  process  like  emulsificalion.  the  drops 
pressing  against  each  other.  Thus  the  fibre  is  broken  up  into  masses,  so  that  it  h.is  a  characteristic 
apfx:aTance  I,  Hg.  368,6).  It  contains  a  large  amount  of  cerehrin  and  Udtkin,  which  hwcII  up  to 
form  myelin-lilte  form*  in  warm  water.  It  also  contains  fatty  matter,  so  that  these  fibres  are  black- 
ened by  osnuc  acid  [while  boiling  ether  extracts  cholcsicrin  frnni  them].  Chlorofonn,  ether,  and 
lienzin,  by  dia:io]ving  the  fatty  and  some  other  con.slituent.<i  of  the  fibres,  make  them  very  trans- 
parent.    [Some  observers  describe  a  fluid  lying  between  the  mc<lulla  and  the  aain  cylinder.] 

C.  The  Sheath  of  Schwann  or  the^fnuiicmnM^  lies  immediately  outside  ofand  invests  the  white 
sheath  (Fig.  368,  6,  <-),  an<l  is  a  delicate  anicturoless  membrane,  comparable  to  the  sarcolemma  of  a 
vnnscular  fthre. 

D.  Nerve  Corpuscles. — At  fairly  wide  intervals  under  the  neurilemma,  and  lyit%  in  depressions 
lietwcen  it  and  the  medullary  sheath,  ore  the  nucleated  nervt  eorpusc/cs,  which  are  readily  stained 
Ijy  pigments  (Fig.  371).  [They  may  Vje  compared  to  the  muscle  corpuscles,  the  nuclei  being  sur- 
Toonded  by  a  small  amount  of  protoplasm  which  sometimes  contains  pigment.  They  are  not  so 
numerous  as  ui  muscle.]  ^Adamkiewici  describes  nerve  corpuscles,  or  "  demilunes  "  under  the 
neurilemma,  rjuiie  di.slinct  trnm  the  ordinary  nerve  corpuscles.  They  ore  stained  yellow  by  safranin, 
"while  the  ordinary  nerve  corpuscles  are  stained  by  metliylanilin.] 

Ranyier's  Nodes  or  Constrictions. — The  neurilemma  forms  in  broad  fibres  at  longer,  and  in 
■narrower ones  at  shorter  intervals,  the  HOtietox  fe^>tttricli<ms  of  tianvier  (Fig.  368,  6,  /.  /,-  Fig.  371; 
Fig.  372, /j).  They  ore  constricUons  which  occur  at  regular  intervals  along  a  nerve  fibre;  at  them 
the  white  sulntance  of  Schwann  is  interrupted,  so  that  the  sheath  of  Schwann  lies  upon  the  axis 
cylinder  [or  its  elastic  sheath]  at  the  nodes.  The  part  of  the  nerve  lying  between  any  two  nodes  is 
CftUed  an  inUr^iinnuhr  or  tnter-nad^l  itvmfni.  and  each  such  segment  contains  one  or  more  nuclei, 
so  that  some  observers  look  upon  the  whole  segment  as  equivalent  to  one  cell. 

The  function  of  the  nodes  seems  to  he  to  jicrrait  the  diffusion  of  plasma  llirougb  the  outer 
shealh  into  the  axis  cylinder,  while  the  decomposition  products  are  similarly  given  off.  [A  coloring 
matter  like  (ncrocarmine  difluses  iiiio  the  fibre  only  nt  the  nodes,  aod  stains  the  axis  cylinder  red, 
although  it  does  nnt  diffuse  through  the  while  frulislance  of  Schwaim.] 

Incisures  (of  Schmidt  and  Lantcimaim). — Each  inter- annular  segment  in  a  stretched  nerve  shows, 
running  across  the  white  substance,  a  number  of  oblique  lines,  which  are  called  incisures  ( Kigs.  3721 
.17J^-  They  indicate  that  the  segment  is  b;iilt  up  of  a  scries  of  conical  sections,  each  of  which  is 
beveled  at  iis  ends,  and  the  bevels  are  arranged  in  an  imbricate  manner,  the  one  over  the  other, 
while  the  slight  interval  l>ctwccn  them  apjiears  as  an  incisure.  Each  such  section  of  the  white 
matter  iscilled  a  cylinder  cone  \^KuhHt). 

K euro-Keratin  Sheath. — .\ccnrding  to  F.wald  and  KUhne,  the  axis  cylinder,  as  well  as  the  whitei 
niGtancc  of  Schwann,  i-s  covered  with  an  excessively  delicate  sheath,  consUting  of  neuro-keraiinX 
and  the  twn  sheath'i  arc  C'<nnccted  by  numerous  Imnsverse  ami  obli(|ue  6briU,  which  permeate  thcl 
whit*  fulrtLince.     [The  myelin  seems  lo  lie  in  the  interstices  of  this  meshwork.]  ' 

I  [Rod-like  Structures  in  Myelin. — If  a  nerve  be  hardened  in  ammonium  fhromatt  {qt picric 
add),  M'Cariby  has  shown  that  the  myelin   exhibits  rod-like  structures,  radiating  from  the  axis 
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Fig.  374. 


cjliDder  outward,  whJcli  are  stained  wkli  logwood  and  carmine.    The  rods  are  prolubly  not  distinct 

K  Trom  eacli  utiitr,  but  are  {Krhaps  ]>art  vf  llic  iieurokcralin  network  already  described. J 

H        Action  of  Nitrate  of  Silver. — When  a  sronll  nerve,  ^.^.,the  intercostal  nerve  of  a  mouse,  is 

HaixCcd  on  by  silver  niiraic,  it  ts  seen  to  be  covered  by  on  endothelial  sheath  composed  of  fltuiened 

Mcrpdochclial  cells  (¥i^.  374),  wlule  the  nave  fibres  themselves  enhibit  crosses  along  tbeir  course. 

Tliese  erotics  are  due  to  the  |>cneiration  of  the  silver  solution  at 

Clie  nodes,  where  it  stains  the  cement  sutraiunce  niul  also  |iim  of  the 

^Ais  cylinder,  f-o  that  the  latter  sometimes  exhibits  transverse  nurk- 

xxigs  c-illcd  Fromann's  lines  (Fig.  36S,  8'|.] 

^New  Methods. — Much  progress  has  recently  been  made  in 
Kk  racing;  the  course  of  rncdulIalL-d  nerve  ^brcs  tiy  the  action  of  new 
V^tainin^  reagents:  thus  acid  fuchsin  stain*  the  myelin  deeply,  leav- 
ing the  otlier  parts  unstained,  at  leD.st  il  can  be  so  mnniputated  as 
V.O    yield   this  rrsiilt.     Weigert's   Method  and  ii.t  mndilicalians 
'have  yielded  mobt  ini[xjrtanl  cesulis,  ami  proved  that  medullaied 
■  lerve  fibres  e\i».|  in  many  parts  of  the  ctrnlral  neni'mm  sj-slcin  where 
*,hey  cannot   be  seen   in  the  ordinarj-  way.     'I'he  nerve  [i»sue  is 
liardeocd  in  a  soluttnn  of  a  chnmiiuni  suit,  and  placed  in  a  half. 
saturated  sohiiion  of  ciipric  nceraie;  it  is  then  stained  wiih  K>gwood, 
and  afterward  the  elcment;i  are  differentiated  by  steci:ii:^  the  hectiuns 
■  n  a  -ii^lulion  of  ferricynnidc  of  potash  and  borjiK.     The  myelin  is 
colored  a  logwood  tint.] 

In  the  ipinat  nerves,  those  fibres  are  thickest  which  have  the 

longest  course  before  tbey  reach  their  end  organ  (Sc/inutiiie),  while 

tboftc  ganglion  celts  arc  largest  \>hich  send  out  the  longest  nerve 

fibrea  \Pierret\,     [Gaskell  finds  that  the  longest  nerves  are  not 

^K    necessarily  the  thickest,  for  the  visceral  ncrvesi  in  the  vagus  are 

^m     amatl  nerve*,  and  yet  run  a  very  long  course.] 

^         Division  of  Nerves. — Nerve  fibres  run  In  the  nerve  trutiks 

witbout  dividing ;  but  when  they  approach  their  termination  they 

•  often  divide  tiicholomously  \t&.  a  node],  giving  rise  to  two  similar 
-  fibres,  lait  there  XDoy  h<'  .sizveral  branches  at  a  node  (Fig.  376,  /). 
[The  divisions  are  nuntcrous  in  motor  nerves  to  striped  muscles.] 
Iq  tbc  electrical  nerves  of  the  malaptcrurus  and  gymiiotus,  there 
ti  a  great  accumulation  of  Schwann's  sheaths  roiirid  a  nerve,  so  that  a  nerve  fibre  is  as  thick  as  a 
sewing  needle.    Such  a  6bre,  when  it  divides,  breaks  up  into  a  bundle  of  smaller  6bres. 


FiG.  375. 


Iriten^stal  nerve  of  a  moute  (itnule 
fMciculm  of  nerve  fibrt*)  stained 
with  silver  niltatc.  ^dollicUil 
»healh  *ulnc(l,and  5ocne  node*  of 
Kjuvlcr  lndici«ied  by  crouu. 


/" 


Tnns.  section  of  a  nerve  (mettian).    *p.  eplMorhiin :  ^t,  periiteiirium :  td,  endoaeuriuni. 

[Nerve  Sheaths.— .\  nerre  trunk  coniists  of  bundles  of  nerve  fibres.  The  bundles  are  held 
iDgctber  by  a  common  connective-tissue  sheath  { Mg.  375,  e/),  the  cplneurium  which  amlains  the 
Iftiger  blood  vcasda,  lymphtiics  and  somelims  fat  and  plasma  cells.     I£ach  bundle  is  surrounded 
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with  its  own  iihcalh  or  perineurium  (/«')»  which  conKlsts  nf  lamellaicd  conncctiTc  tissue  dinmsed 
circularly,  ui'.l  between  the  lamclLi.-  nrc  Ivmpli  s(Mces  lined  by  flattened  cndochctial  plnics.  These 
lymph  spaces  may  lie  injected  from  and  coiiinmnicale  witli  [lie  lyinpliatic«  {Axfl  Key  nmi  AV/k'mi)- 1 
'llie  nerve  tibres  within  any  bundle  are  held  together  by  delicate  coonecttve  tissue,  n-hich  perietnlcs 
between  the  adjoining  ^brei,  constituting  the  endoneurium  [eW].  It  conbi^ts  of  delicate  hbret 
with  hmnched  conncciive-tissue  corpuscles  (Fig.  368,  6, 1/),  nnd  in  it  lie  the  capillaries,  which  are  not 
very  numerous,  and  arc  arranged  to  fonu  elongated  open  uieshe». 

[Henle's  Sheat^i. — When  a  nerve  is  traced  10  n*  distribution,  it  branches  and  becomes  siuiner, 
uniiOt  may  consist  only  nf  a  few  bundles  or  even  a  single  bundle  of  nrrvc  Bhrcs.  As  the  bundle 
branches,  it  bAS  to  give  off  pan  uf  its  lamellated  KlieAth  or  perineurium  lo  each  branch,  so  that,  as 
we  paas  to  the  periphery,  the  snxaller  bundles  arc  >urroundcd  by  few  lamella;.  In  a  bundle  contain* 
ing  only  a  few  fibres,  this  sheath  may  be  much  reduced,  or  mny  con^i&t  only  of  thin,  llattcned,  con- 
nective-tissue corpuscles  with  a  few  nbres.  A  sheath  surrounding  a  few  nerve  fibres  b>  called  ffntlet 
Sheath  by  Rnnvier.] 

[Nervi  Nervoruin. — Marshall  and  v.  Horslcy  have  shown  that  the  nerve  sheaths  are  provided 
with  special  nerve  fibres,  in  virtue  of  which  they  are  endowed  with  sensibility. 1 

Development.— At  tirst  nerve  fibres  consist  only  of  fibrils,  1',  f..  of  axis  cylmdcrt,  which  become 

covered  with  connective  substance,  and  ultimately  the  white  substance  of  .^hwann  is.  dc\-e1oped  in 

some  of  them.     The  growth  in  length  of  the  fibres  lakes  place  by 

Fin.  376.  elongation  of  the  individual  "inter -annular'*  segments,  and  also  by 

the  new  formaiion  of  these  (  f'i\'na/). 

II.  Ganglionic  or  Nerve  Cells. — i.  Multipolar  nerve  cells 
(Fig.  368,  I )  occur  [Mirtly  as  /flry/  cells  {loo  ft),  and  are  viable  to  the 
unaided  eye  as  in  the  anterior  horn  of  the  spinal  cord,  and  in  a  diiler- 
ent  form  in  the  cerel>elluai.  and  partly  in  a  jmalfer  form  (20  lo  ID  ^  | 
in  the  posterior  horn*  of  the  spinal  cord,  many  ports  of  the  cerebmm 
and  cerebellum,  and  in  the  retina.  They  may  be  spherical,  ovoid, 
pynimi<lal  [cerebrum],  pear- or  llask-shapcd  [cc rebel lum],  and  are 
provided  with  numerous  branched  processes  which  give  the  cells 
a  characteristic  appearance  [Deitcr*  Isolated  such  cells  from  the 
nntcfior  horn  of  the  gray  matter  of  the  ."ipinal  cord,  so  that  this  special 
form  of  cell  is  sometimes  called  "Dcilcrs*  cell"  (Fig.  368,  I).]  They 
nre  devoid  of  a  cell  envcltipc,  are  of  soft  consistence,  and  exhibit  a 
librillated  btruciure,  uhicb  may  extend  even  into  tlie  prcce^aes.  Fine 
granules  He  scattered  throughout  the  cell  substance  between  the 
lihrils.  Not  unfrequcntly  yellow  or  brown  granules  of  pigment  are 
alK)  found,  cither  collected  at  certain  pans  in  the  cell  or  scattered 
throughout  il.  The  relatively  large  nucleui  coniisls  of  a  clear  envel- 
ope enclosing  a  resistAnt  sulniance.  It  does  not  appear  to  have  a 
membrane  in  youth  { Schtt>alke\  Within  the  nucleus  lies  the  nuctealt^s^ 
wbkh  in  the  recent  condition  is  angular,  provided  with  processes  and 
capable  of  motion,  but  after  di-nth  \s  highly  refractive  and  spherical. 
There  is  always  one  unbranched  process,  constituting  the  axial 
cylinder  process  (1,  z)  which  remains  unbranched,  but  il  soon  tie- 
comes  covered  with  the  3ub>tance  of  Schwann,  nnd  the  other  sheattts 
of  a  mcdullatcd  nerve,  so  that  it  become;,  the  axiat  cylinder  of  a 
nerve  tibre,  [llius  a  nerve  fibre  is  merely  an  cxcrasively  long,  un- 
branched process  of  a  oerve  cell  puiihed  outward  tuwartl  the  pen- 
phery.]  It  is  not  definitely  ascertained  that  the  cerebral  cells  have 
such  processes.  All  (he  other  processes  divide  very  frequently  until 
ihey  form  a  branched,  root-like,  complex  arrangement  of  the  finest 
primitive  fibrils.  These  are  called  protoplasmic  processes  {\,yS. 
Uv  means  of  these  processes,  ndjoining  cells  are  brought  into  cnmrou- 
nication  with  each  other,  so  that  Impulses  can  l>e  conduaed  ftom  one 
cell  to  another.  F'urthcr,  many  of  these  tibrils  approximate  to  cacJi 
Qlher  and  join  together  to  fonn  axis  cylinders  of  other  nrrvc  fibres- 
[v.  Thanhoffer  states  that  be  has  traced  the  axis-cylinder  proces 
to  the  nucleUFi  and  nucleolus.] 

3.  Bipolar  cells  are  l>csl  developed  in  fishes, /.^.,  in  the  spinal 
ganglia  of  the  .skate,  and  in  the  (iasscrian  ganglion  of  the  pike. 
'fhcy  aj7j»«ir  to  lie  nucleated,  fusiform  enlargements  of  the  axb 
cylinder  (Fig.  36S,  on  the  right  of  I).  The  white  substance  often  stops  short  on  each  fide  of  the 
enlargement,  but  Mimetiuics  the  white  sul-slance  and  the  sheath  of  Schwann  pass  over  the  eidargcmcni 
3.  Nerve  cells  with  connective-tissue  capsules  occur  m  the  peripheral  ganglia  of  man 
(Fig.  368,  II),  e.g.,  in  the  spinal  ganglin.  The  soft  l>ody  of  the  cell,  which  is  provided  with  several 
processes,  Is  covered  by  a  thick,  tough  capsule  composed  of  several  layers  of  ccnnective-tifsae  cor-  * 
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Cell  iTorn  iheOA«*crUn  eanetloti. 
«.  nuclei  of  the  shc.ith  ;  /,  fil>rc 
dividingata  iic»le  of  Ririviei. 
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pnsdes;  while  the  iDner  surface  of  the  composite  ca|)iule  is  lined  by  a  Uycr  of  delicate  endothelial 
cells  (Ftg.  376).  The  tjody  of  the  cells  in  the  »pinal  ^nglia  is  traversed  by  a  network  of  fine 
fibrils  [/-/^nimiH^).     The  capsule  is  conlinuoiis  with  the  sheath  of  the  nerve  fil>re. 

RawiU  and  (>.  Relzius  find  that  the  cells  of  the  spinal  ganglia  are  uitifit/ijr,  the  ntitgning  Bbre 
lakinK  a  halfturn  uithin  the  capsule  before  it  leaves  the  cell  1  Ki^.  376).  Rctzius  [and  Rnnvier] 
observed  the  process  to  divide  liUc  a  T-  Perhaj*  ihi.s  division  corrCBpondft  to  the  two  processes  of 
a  bipolar  cell.  The  jtigular  ganglion  and  plexus  ganjjhrftjrtnis  va^^i  in  man  contain  only  unipolar 
cdU,  so  thai,  in  this  reipect,  they  may  be  compared  to  spinal  ganglia.  Tlir  Mtmc  is  the  case  in  the 
Gosserian  ganghon  ;  while  the  ciliary,  «pheno-paIatioc,  otic,  and  submaxillary  gan^^lia  structurally 
resemble  the  j-nngUu  of  the  sympathetic. 

4.  Qaoglionic  cells  with  spiral  fibres  occur  chiefly  in  the  abdominal  sympathetic  of  the  frog 
[^BtaU^J.  AfHoid).  1'he  body  of  the  cell  it  uiually  pyrifonn  in  shape,  and  from  it  proceeds  a 
Straight  unbranctied  process  (Hjr.  36S,  HI,  n\,  which  ultimately  lieconies  the  axis  cylinder  of  a 
nerve.  A  spiral  fibre  springs  from  the  cell  |?  a  network),  emerges  from  it,  and  carves  in  a  spiral 
directioo  round  the  furnier  {o).  I'he  whole  cell  is  surrounded  by  a  nucleated  capsule  (m).  We 
know  notluni;  of  the  si|^iticance  of  the  differt-nt  fibres. 

322.  CHEMICAL  AND  MECHANICAL  PROPERTIES  OF 
NERVOUS  SUBSTANCE.— I.  Proteids.— Albumin  occurs  chiefly  in  the 
axis  cylinder  and  in  the  substance  of  the  ganglionic  cells.  Some  of  this  proteid 
substance  presents  characters  not  unlike  those  of  myosin  (§  293).  Dilute  solution 
of  common  salt  extracts  a  proteid  from  nervous  matter,  which  is  precipitated  by 
the  addition  of  much  water  and  also  by  a  concentrated  solution  of  common  salt 
iPffroivsky).  Potash  albumin  and  a  globuUn'iike  substance  are  also  present. 
Nuclein  occurs  especially  in  the  gray  matter  (§  250*  2),  while  neuro-keratin, 
a  body  containing  much  sulphur  and  closely  related  to  keratin,  occurs  in  the  cor- 
neous sheath  of  nerve  fibres  (p-  577).  If  gray  nervous  matter  be  subjected  to 
artificial  digestion  with  trypsin,  both  of  these  substances  remain  undigested 
{Kuhne  ami  Ewaid),  Pure  neuro-kcratin  is  obtained  by  treating  the  residue  with 
caustic  potash.  The  sheath  of  Schwann  6sx%  not  yield  gelatin,  but  a  substance 
closely  related  to  elastin  (§  250,  6),  from  which  it  differs,  however,  in  being  more 
soluble  in  alkalies.     The  connective  tissue  of  nerves  yields  gelatin. 

2.  Fats  and  other  aliied  substances  soiubie  in  ether,  more  especially  in  the  white 
matter :  (a)  Ccrebrin,  free  from  phosphorus  (§  250,  3). 

Cerebrin  is  a  while  powder  composed  of  spherical  granules  soluble  in  hot  alcohol  and  ether,  but 
insoluble  in  cold  water,  It  is  decomposed  at  80°  C,  and  i|»  lolutinns  are  neutral.  When  boiled 
for  a  long  time  with  ncidf>,  it  splits  up  into  a  left-rotatory  tiody  like  sugar  and  another  unknown  pro- 
duct. {Reparation. —  Rub  up  the  brain  into  a  thin  fluid  witti  bar)ta  water,  t^tract  the  sepArate<l 
coagulum  with  Itoittng  alcohol.  The  extract  is  frcftnentty  treated  with  cold  cihcr  to  remove  the 
cboleslerin  {li'.  SfUUer),  Parkus  separated  from  cerebrin  its  homologae,  hornocerebrin,  which  is 
slightly  more  soluble  in  alcohol,  and  the  clyster-like  body,  encepbatin,  which  is  soluble  in  hot 
water. 

ijt)  Lecithin  and  its  decomposition  products — glycero- phosphoric  acid  and 
olco-phosphoric  acid  (§  251). 

Neurin  (or  Cholin  =  CjH,^NOj)  is  a  strongly  alkaline,  colorless  fluid,  forming  crystalline  salts 
with  acids.  It  is  soluble  in  water  and  alcohol,  and  has  been  formed  synLhcticolly  from  glycol  and 
trimethylamin.     Lecithin  it  a  lalt  of  the  base  netirin. 

{/)  Protagon,  which  contains  N  and  P,  is  similar  to  cerebrin,  and  is,  accord- 
ing to  its  discoverer,  the  chief  constituent  of  the  brain  {Liebrcich). 

According  to  Hoppc  Scyler  and  Diaconow,  it  it  a  mixture  of  lecithin  and  cerebrin.  [The  invo- 
tuitions  of  Gomgee  and  Htatikcnhnrn  have  »huwn,  tkowever,  that  protagon  is  a  definite  chemical 
body.  They  find  that,  inilead  of  tieing  unsiaMe,  it  is  a  very  stable  body.]  It  is  a  glucnside,  and 
cryatalline.  and  can  be  exuacted  from  the  brain  by  warm  alcohol,  and  when  boil<Kt  with  horyta 
yiclda  the  decomposition  |iroducis  of  lecithin. 

3.  The  following  sabotances  are  extracted  by  water:  Xanthio  and  hypoxanthin  {StAffrer'\f  kreotin 
{Ltrtk),  ino»H  (  K<  Afiifif),  ordmary  lactic  acid  (GtiheiJlem),  acetic  and  formic  aci<Is,  tiric  acid  (?), 
and  volatile  fatty  acids;  tcucin  (in  diitease),  urea  (in  uncmia),  and  a  substance  like  starch  in  the 
human  brain  Kjaffi^.     All  these  substancei  are  lor  the  most  pan  prodacLi  of  Che  r^reiaive  nietibol 

•  ism  of  the  tisanes. 
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Reaction. — Nervous  substance,  when  passive,  is  neutral  or  feebly  alkaline  in 
reaction,  while  active  (?  and  dead)  it  is  acid  {Funke).  The  gray  mailer  of  the 
brain,  when  quite  fresh,  is  alkaline  {Liedreich),  but  death  rapidly  causes  it  to 
Ijecome  acid  {Gs^h^iMtn). 

The  reaction  of  ncr\-e  libres  varies  dating  life.  After  iolroduciag  mctbylblue  into  die  body  of 
a  living  animal,  Ehrlich  found  ihac  ilie  axis  cylinder  liecanie  blue,  i.  e.,  in  (hose  nerves  which  Yart 
an  alkaline  reactiun  (cortex  c«rcbii.  cardiac,  sensory,  molor  (non^sU'iped),  gustatory  and  olfiu:tori' 
Hhrcs),  while  ihe  termination  of  motor  (voluntary)  nerves  renuuned  imcolored.  The  latter  be 
regards  oi  acid. 

The  nerves  after  death  have  a  more  solid  consistence,  so  that  in  all  probability 
some  coagulation  or  change,  comparable  to  the  stiffening  of  muscle,  occurs  in 
thera  after  death,  while  at  the  same  time  a  free  acid  is  liberated  (§  295).  If  a 
fresh  brain  be  rapidly  ''broiled  "  at  100°  C,  it,  like  a  muscle  similarly  treated, 
remains  alkaline  (§  395). 


Cbemical  CompotlUon. 


Water, 

Solids 

The  solids  consist  of — 

Albamins  and  glutin,     .    .    . 

Lecithin. 

Cholc>lcrin  and  fat.s,      .    .    . 

Ccrebrin,         

Subtitanccs  insoluble  in  ether, 
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In  100  pans  of  ash,  Ilreed  found  potash  32,  soda  i  [,  magnesia  3,  lime  0.7,  KaCl  5^  iroa  phos- 
phate 1.2,  fixed  phosphoric  acid  39,  sulphuric  acid  o.i,  silicic  acid  0.4. 

[Ptomaines  (|  166)  arc  ubliincd  from  [xilrcfying  brain,  lliey  have  on  effect  on  the  motor  nerves 
like  curara,  but  in  much  le&s  degree,  wliile  the  phenomena  lost  for  a  much  shorter  time  {GuarfuAi 
aaJ  Afojso].'\ 

Mechanical  Properties. — One  of  the  most  remarkable  mechanical  properties 
of  nerve  fibres  is  the  absence  of  elastic  tension  according  to  the  varying  positions 
of  the  body.  Divided  nerves  do  not  retract ;  such  nerves  exhibit  delicate,  micro- 
scopic, transverse  folds  [like  watered  silk],  or  Fontana's  transverse  markings. 

The  cohesion  of  a  nerve  is  very  considerable.  When  a  limb  is  forcibly  torn 
from  the  body,  as  sometimes  happens  from  its  becoming  entangled  in  machiner>-,  j 
the  nerve  not  unfrequently  remains  unscvered,  while  the  other  soft  parts  are  rup- 
tured. [Tillaux  found  that  a  weight  of  no  to  120  lbs.  was  required  to  rupture 
the  sciatic  nerve  at  the  popliteal  space,  while  to  break  the  median  or  ulnar  ner\*e 
of  a  fresh  body,  a  force  equal  to  40  to  50  lbs.  was  required.  The  toughness  and 
elasticity  of  nerves  are  often  well  shown  in  cases  of  injury  or  gunshot  wounds. 
The  median  or  ulnar  nerve  will  gain  15  to  20  centimetres  (6  to  8  indies)  before 
breaking.  Weir  Mitchell  has  shown  that  a  healthy  nerve  will  bear  a  very  consid- 
erable amount  of  pressure  and  handling,  and,  in  fact,  the  method  of  nerve  stretch- 
ing depends  upon  this  properly  of  a  nerve  trunk,] 

323,  METABOLISM  OF  NERVES.— InBuence  of  Blood  Supply. 
— We  know  very  little  regarding  the  metabolic  processes  that  oocur  in  ner\e  tissue. 
Some  extractives  are  obtained  from  nerve  tissue,  and  they  may,  perhaps,  be 
regarded  as  decomposition  products  (p.  581).  It  has  not  been  proved  satisfac- 
torily that  during  the  activity  of  nerves  there  is  an  exchange  of  O  and  CO,. 
That  there  is  an  exchange  of  materials  within  the  nerves  is  proved  by  the  fact  that, 
after  compression  of  the  blood  vessels  of  the  nerves,  the  excitability  of  the 
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wierves  falls,  and  is  restored  again  when  the  circulation  is  reestablished.  Com- 
pression of  the  fbdgminql  aorta  acauscs  paralysis  and  numbness  of  the  lower  half*' 
of  the  body,  while  occlusion  of  the  cerebral  vessels  causes  almost  instantaneously 
cessation  of  the  cerebral  functions.  The  metabolism  of  the  central  ner\ous 
organs  is  tiiiich  raore  active  than  that  of  the  nerves  themselves.  l_£If  the  abdomi- 
nai  aorta  of  a  rabbit  be  compressed  for  a  few  minutes,  the  hind  limbs  are  quickly 
paralyzed,  the  animal  crawls  forward  on  its  forelegs,  drawing  the  hind  lirobs  in  an 
extended  position  after  i^^   The  ganglia  form  much  lymph. 

334.  EXCITABILITY  OF  THE  NERVES-STIMULI.— Nerves 
possess  the  [iroj^ny  of  heinj^'  thrortn  into  a  state  of  excitement  by  stimuli,  and  are, 
iherefore,  said  to  be  excitable  or  irritable.  The  stimuli  may  be  applied  to,  and 
may  act  upon,  any  part  of  ihe  nerve.  [The  following  are  the  various  kinds  of  stimuli, 
/.  e.,  modes  of  motion,  which  act  upon  nerves]  : — 

I.  Mechanical  stimuli  act  upon  nerves  when  ihey  are  applied  with  s»ifficient,v 
rapidity  to  produce  a  change  in  the  form  of  the  nerve  particles,  e,  ^.y  a  blow,  pres- 
sure,  pinching,  tension,  puncture,  and  section.  In  the  case  of  sensory  nerves, 
when  they  are  stimulated,  pain  is  produced,  as  is  felt  when  a  limb  "  slee|w,*'  or  when 
pressure  is  exerted  upon  the  ulnar  nerve  at  the  bend  of  the  elbow.  When  a  motor 
nerve  is  stimulated,  motion  results  in  the  muscle  attached  to  the  nerve.  If  the 
continuity  of  the  nerve  fibres  be  destroyed,  or,  what  is  the  same  thing,  if  the  con- 
tinuity of  the  axial  cylinder  be  interrupted  by  the  mcchani<:al  stimulus,  the  <■*»«- 
du{Hon  of  the  impulse  across  the  injured  jmrt  is  interrupted.  If  the  molecular 
arrangements  of  the  nerves  be  permanently  deranged,  e.  g.,  by  a  violent  shock,  the 
excitability  of  the  nerves  may  be  thereby  extinguished. 

A  slight  blow  applied  to  the  radial  nerve  in  the  forearm,  or  to  the  axillary  nerves  in  the  supra- 
clavicular groove,  IS  followed  hy  a  contraction  of  the  muscles  supplied  by  these  nen-cs.  Under 
pachologlcnl  coDditions,  the  excitability  of  a  nerve  for  mechanical  stimuli  may  l>e  increuicd 
enormously. 

Tigerstedt  ascertained  thai  the  minima/  mechanical  stimulus  is  represented  by  900  inilligramine- 
Btilltmetrcs,  and  the  maximum  by  7[>c>^  to  8000.  Strong  Mimuli  caiisi?  fntigne,  but  the  fatigue  does 
001  extend  beyond  the  prt  stimulated  A  nerve  when  stimulated  mcchatncally  dots  not  become  acid. 
Slight  presstirc  without  tcmii^n  increases  the  excitability,  which  diminishes  after  a  short  time.  The 
mechanical  work  produced  by  an  excited  mu&cle  in  con.sequence  of  a  stimulus  was  lOO  times  giester 
than  the  mechanical  cner^^y  of  the  mechanical  nerve  stimulus. 

Continued  pressure  upon  a  mixed  nerve  ]>aralyzes  the  motor  sooner  than  the 
sensory  fibres.  )Uf  the  stimulus  be  applied  very  srraiiua/h\  the  nerve  may  be  )^ 
rendered  inexcitable  without  manifesting  any  signs  of  its  being  stimulated  (/v/z/d/m,  ^ 
1758).  Paralysis,  due  to  continuous  pressure  gradually  applied,  may  occur  in 
the  region  supplied  by  the  brachial  nerves;  the  left  reairrent  laryngeal  nerve 
also  may  be  similarly  [jaralyzed  from  llie  pressure  of  an  aneurism  of  the  arch  of 
the  aorta. 

By  increastag  the  pressure  on  a  nerve  by  using  a  gradually  increasing  weight,  there  U  at  first  an 
increase  and  then  a  decrease  of  the  excitability.  Prc^urc  on  a  mixed  nerve  abolishes  reflex  cou- 
ductiofi  sooner  than  motor  conduction  i/CroHCfket  ami  Ztderbaum). 

Nerve  stretching  '■&  eraplrjyed  for  therapeutical  purposes.  If  a  nerve  be  exposed  and  stretched, 
or  if  it  be  made  sufficiently  tense,  the  nerve  is  stimulated.  Slight  tension  increases  the  reflex  excita- 
bility {Schlri(h\,  white  violent  extcn.sinn  produces  a  temporary  diminution  or  abolition  of  the 
excitability  |  VaittUiti).  The  reniripeial  or  sensory  fibres  of  the  sciatic  nerve  arc  iooner  paralyzed 
thereby  than  the  cemrifugal  or  motor  i^Cunrad').  During  the  procc&s  of  extension,  mechanical 
changes  are  produced,  cither  in  the  nerve  itself  or  in  its  end  organs,  causing  an  alteration  of  the 
eacitabihty,  but  it  may  also  alTect  the  central  organs.  The  paralysi*.,  which  sometimes  occurs  after 
ftirciblc  stretching,  usually  ra[»dly  flisappears.  Therefore,  when  a  nerve  is  in  an  excessively  excila- 
ble  condition,  or  when  this  is  due  to  an  inllammatory  tixalion  or  constriction  of  the  nerve  at  sc^roe 
part  of  its  course,  nerve  sttctching  may  be  useful,  partly  by  diminishing  the  excitability,  partly  l>y 
breaking  up  the  inflammatory  adheston!i.  In  cases  where  stimulation  of  au  afTercnt  nerve  gives  rise 
to  epileptic  or  tetanic  spasms,  nerve  stretchiiiy;  may  be  useful  by  diminishing  the  excitability  at  the 
periphery,  in  addition  to  the  other  effects  alrendy  deacrit>ed.  It  has  also  been  employed  in  some 
spinal  a^tioDS,  which  may  not  as  yei  have  resulted  in  marked  degcncrslive  changes. 
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"^  For  phyaiologicnl  purposes,  »  nerve  may  be  stimulated  mechanically  by  me&iu  of  Hud^^un'vf^ 
tfttanomotor.  which  is  simply  an  ivory  hammer  attached  to  the  fa-olonged  npnng  of  a  N'eef « 
hammer  of  an  induction  machine.  [A  more  delicaie  form  of  this  instrument  was  used  by  Tigcr- 
stedt  (g  33S)]  'I*^c  rapid  vibration  of  the  hammer  communicates  a  series  of  mechanical  sbock^  to 
the  nerve  ufwn  which  it  U  caused  to  beat.  Rhythmic  extenvon  of  a  nerve  causes  contntctions  and 
even  tetanus. 

y  2.  Thermal  Stjmuli.— If  a  frog's  nerve  be  heated  to  45"  C,  its  exiUability  is 
first  increased  and  then  diminished.  The  higher  the  lemperamre,  the  greater  is  the 
excitability,  and  the  shorter  its  duration  i^Afanasieff).  If  a  ncne  be  heated  to 
50*  C.  for  a  short  time,  its  excitability  and  conductivity  are  abolished.  The  fret's 
nerve  alone  r^ains  its  excitability  on  being  cooled  {Pickford').  If  the  temperature 
be  raised  to  65°  C,  the  excitability  is  abolished  without  the  occurrence  of  a  con- 
traction, while  its  medulla  is  broken  up  {^Eckhard\  Sudden  cooling  of  a  nerve  to 
5**  C.  acts  as  a  stimulus,  causing  contraction  in  a  muscle,  while  sudden  heating  to 
40°  or  45°  C.  produces  the  same  rebull.  If  the  temperature  be  increased  still  more, 
instead  of  a  single  contraction  a  tetanic  condition  is  produced.  All  such  rapid 
variations  of  temperature  quickly  exhaust  the  nerve  and  kill  it.  If  a  nerve  be  frozen 
gradually,  it  retains  its  e.xcitability  on  being  thawed.  The  excitability  lasts  long  in 
a  £0oUd  \i'cx\'^  \  in  fact,  it  is  increased  in  a  motor  nerve,  but  the  contractions  are 
not  so  high  and  more  prolonged,  while  the  conduction  in  the  nerve  takes  place 
more  slowly.  Among  mammahan  nerves,  the  afferent  and  va^o-dilator  nerves  at 
45*10  50°  C.  exhibit  the  results  of  stimulation,  while  the  others  only  show  a  change 
in  their  excitability.  When  cooled  to  -f-  5°  C.,  the  excitability  of  all  the  fibres  is 
dimini'ihed  {Grufzner). 

3.  Chemical  Stimuli  excite  ner\'es  when  they  act  with  a  certain  rapidity,  and 
thereby  alter  the  condition  of  the  nerve  (p.  522).  Most  chemical  stimuli  act  by 
firet  increasing  the  nervous  excitability,  and  then  diminishing  or  paralysing  it. 
Chemical  stimuli,  as  a  rule,  have  less  effect  upon  ihcsensory  than  upon  motor  fibres 
i^Eikhard).  According  to  Griitzner,  the  inactivity  of  chemical  stimuli,  so  often 
observed  when  they  are  applied  to  sensory  ner\'es,  depends  in  great  part  upon  the 
non -simultaneous  stirotilation  of  all  the  nerve  fibres.  Among  chemical  stimuli 
are  {a)  rapid  abstraefion  of  water  by  dry  air,  blotting  paper,  exposure  in  a  cham* 
bcr  containing  sulphuric  acid,  or  by  the  action  of  solutions  which  absorb  fluids, 
t.  g.,  concentrated  solutions  of  neutral  alkaline  salts  ( NaCl,  excites  only  motor 
fibres  in  mammals — GrUtzner),  sugar,  urea,  concentrated  glycerin  (and  ?  some 
metallic  salts).  The  subsequent  addition  of  water  may  abolish  the  contractions, 
while  the  nerve  may  still  remain  excitable.  The  abstraction  of  water  first  increases 
and  aflenrard  diminishes  the  excitability.  The  imhibithn  of  zca/rr  diminishes  the 
excitability,  {b')  Free  alkalies,  mineral  acids  (not  phosphoric),  many  organic  acids 
(acetic,  oxalic,  tartaric,  tactic),  and  most  salts  of  the  heavy  metals.  While  the 
acids  act  as  stimuli,  only  when  they  are  somewhat  concentrated,  the  caustic  alkalies 
act  in  solutions  of  o.S  to  o.i  per  cent.  (KuAh^.  Neutral  potash  salts,  in  a  con- 
centrated form,  rapidly  kill  a  nerve,  but  they  do  not  excite  it  nearly  so  strongly  as 
the  soda  compounds.  Dilute  solutions  of  the  neutral  potash  salts  first  increase  and 
afterward  diminish  it  {Ranke),  as  can  be  shown  by  stimulation  with  an  induction 
shock  (B/fdrrmann).  (r)  Varioiis  substances,  e.g.,  dilute  alcohol,  ether,  chloro- 
form, bile,  bile  salts,  and  sugar.  These  substances  usually  excite  contractions,  and 
afterward  rapidly  kill  the  nerve.  Ammonia,  lime  water,  some  metallic  salts,  carbon 
bisulphide,  and  ethereal  oils  kill  the  nerve  without  exciting  it — at  least  without  pro- 
ducing any  contraction  in  a  fi^g's  nerve-mttscle  preparation.  [The  nerve  of  a  ner\'C- 
mu:>cle  preparation  may  be  dipped  into  ammonia,  but  no  contraction  results,  while 
the  slightest  traces  of  ammonia  applied  xo  a  muscle  cause  contraction.]  Carbolic 
acid  does  the  same,  although  when  applied  directly  to  the  spinal  cord  it  produces 
spasms.  These  substances  excite  the  muscles  when  they  are  directly  applied  to 
them.  ^Tannic  acid  does  not  act  as  a  stimulus  ititfaer:  to  nerv^  ar -^MBfei     As  a 
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general  rule,  the  stimulating  solutions  must  be  more  conani fated vehtn  applied  to  a 
nerve  than  to  muscle^  in  order  that  a  contraction  may  be  produced. 

[Methods. — If  n  ncrve-imiscle  preparstion  of  a  frog's  limb  be  mad?,  and  a  *traw  (lug  (p.  520! 
attached  to  the  toes  while  the  femur  is  fixed  in  a  damp,  and  \\s  tierve  be  then  dipped  in  a  saluraica 
solution  of  common  saU,  the  toes  »oon  liegin  to  twitch,  nnd  by  and  by  (he  whole  limb  becomes  tetanic, 
and  thus  keeps  the  straw  flag  extended.  The  elTect  of  fluid  on  n  muscle  or  nerve  is  easily  te^tt^d  by 
hxing  the  muscle  in  a  clamp,  while  a  drop  of  the  fluid  is  placed  on  a  greased  surface,  which  gives  it 
a  convex  form.  The  end  of  the  muscle  or  nerve  is  then  brought  into  contact  with  the  cupola  of  the 
d(op  {Kuftne).'\ 

^  4-  The  Physiological  or  normal  stimulus  excites  the  nerves  in  the  normal 
intact  body.  Its  nature  is  entirtrly  unknown.  The  **  nerve  motion  "  thereby  set 
up  travels  either  in  a  "centrifugal"  or  outgoing  direction  from  the  central 
nervous  system,  giving  rise  to  motion,  inhibition  of  motion,  or  secretion  ;  or  in  a 
*'  centripetal  "  or  ingoing  direction  from  the  specific  end  orf^ans  of  the  nerves 
of  the  special  senses  or  the  sensory  nerves.  In  the  latter  ca.se,  the  impulse  reaches 
the  central  organs,  where  it  may  excite  sensation  or  perception,  or  it  may  be 
transferred  to  the  motor  areas  and  be  conducted  in  a  centrifugal  direction,  con- 
stituting a  "reflex"  stimulation  (§  360).  A  single  physiological  nerve  impulse 
•  travels  more  slowly  than  thai  excited  by  the  momentary  application  of  an  induction 
shock  (LoveH^  v.  Krirs).  It  Is  not  a  uniform  process  excited  by  varying  intensity 
and  grentcr  or  less  frequency  of  stimulation,  but  it  is  essentially  a  process  varying 

r considerably  in  duration,  and  it  may  even  last  as  long  as  }4  second  (r.  Kries). 
5.  Electrical  Stimuli. — [The  following  forms  of  electrical  stimuli  may  be 
used: — 
(1)  A  constant  current,  which  may  be  made  or  broken  {§  388). 
(2)  Induction  shocks,  either  make  or  break  shocks  (§  329). 
(3)  An  interrupted  current  (§  329).] 
The  clcctncal  current  acts  most  powerfully  upon  the  nerves  at  the  moment  when 
it  is  applied,  and  at  the  moment  when  it  ceases  (§  336) ;  in  a  similar  way,  any 
increase  or  decrease  in  the  strength  of  a  constant  current  acts  as  a  stimulus.     If  an 
electrical  current  be  applied  to  a  nerve,  and  its  strength  Iw  very  gradually  increased 
or  diminished,  then  the  visible  signs  of  stimulation  of  the  nerve  are  v^j^^^-^«l^rt, ' 
^  a  general  rule,  the  stimulation  is  more  energetic  the  more  rapid  the  variations 
of  the  strength  of  the  current  applied  to  the  nerve,  /.  e.y  the  more  suddenly  the 
intensity  of  the  stimulating  current  is  increased  or  diminished  {du  Bois-Reymond). 

»An  electrical  current  must  have  a  certam  strength  or  liminal  intensity  before 
ft  is  cfTective.  By  uniformly  increasing  the  strength  of  the  current,  the  size  of  the 
contraction  increases  rapidly  at  first,  then  more  slowly  (  Tigerstedt  and  VViUhard'). 
An  electrical  current,  in  order  to  stimulate  a  nerve,  must  have  a  certain  dura- 
tion, it  must  act  at  least  during  o. poj g  second  {Fiek,  1863) ;  even  with  currents 
of  slightly  longer  duration,  the  opening  shock  may  have  no  effect.  If  the  duration 
of  the  closing  shock  of  a  consianf  current  be  so  arranged  that  it  is  just  loo  short  to 
l:>e  active,  then  it  merely  requires  to  last  1.3  to  2  times  longer  to  produce  the  most 
cromplete  effect  ( GrUnhagen), 

The  electrical  current  is  most  active  when  it  flows  in  the  lon^gyigof  the  nerve; 
i  t  is  inactive  when  applied  vertically  to  the  axis  of  the  nerve  (_  G^iZ/z/am  ).  Similarly, 
rimscloi  are  incomparably  less  excited  by  transverse  than  by  longitudinal  currents 
ii^Giuffri). 
•*^  The  js^CJM/lir  the  length  of  nerve  traversed  by  the  current,  the  less  the  stimulus 
tliat  is  required  {P/aff). 

Constant  Current. — If  the  constant  current  he  used  as  a  nervous  stimulus,  the 
^stimulating  effect  on  the  sensory  nerves  is  most  marked  at  the  moment  of  making 
-and  breaking  the  current ;  during  the  time  the  current  jickscs,  only  slight  excite- 
ment is  perceived,  but,  even  under  these  circumstances,  very  strong  currents  may 
vrause  very  considerable,  and  even  unbearable,  sensations.     If  a  constant  current  be 
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applied  to  a  motor  nerve,  the  greatest  effect  is  produced  when  the  current  Is 
made  or  closed  [closing  or  make  contraction],  and  when  it  is  broken  nr  opened 
[opening  or  break  contraction].  Hui  wliile  the  current  i;*  passing,  the  stimu- 
lation docs  not  cease  completely,  for,  with  a  certain  strength  of  stimulus,  the  mttscic 
remains  in  a  state  of  tetanus  (galvanotonus  or  "  closing  tetanus  *';  \^PfiUger), 
For  the  same  effect  on  muscles,  see  p.  532.  With  strong  currents  this  tetanus  does 
not  appear,  chiefly  because  the  current  diminishes  the  excitability  of  the  ner\'es» 
and  thus  develops  resisiance,  which  prevents  the  stimulus  from  reaching  the  muscle. 
According  to  Hermann,  a  descending  current  applied  to  Ihc  nerve,  at  a  distance 
from  the  muscles,  causes  this  tetanus  more  readily,  while  an  ascending  current  causes 
it  more  readily  when  the  current  is  closed  near  the  muscle.  The  constant  current 
is  said  by  Griilzner  to  have  no  effect  on  vasomotor  atid  seirefory  fibres. 

Over-maximal  Contraction. —  By  gradujlly  increasing  the  strength  of  the  electrical  slimulos 
applied  to  u  motor  nervf ,  Kick  oliservcd  ihal  Ihr  muscular  contraciions  ^height  of  tht;  lift)  at  first 
"i  increased  proportion nl I y  1g  the  increase  of  tlie  stimulus,  until  a  maximal  coniraciion  was  obtained, 
in  fie  strength  of  the  slimulas  Iw  increased  still  funlicr,  nnothcr  increase  of  the  contraction  above  the 
first- reached  maximum  is  obtained.  This  is  called  an  "  over-roaxiroal  contraction."  Occa- 
sionally Wlw(-(-n  the  fir>t  maximum  and  Ihc  seconil  there  is  a  diminution,  or  indeed  ali-icnce  of,  or 
gap  or  hiatus,  tn  the  contraction!!.  'I1ic  cause  of  this  lies  in  the  postiive  pole,  which  with  a  certain 
Mrcnj^h  of  current  is  sufficient  to  prevent  the  furthtr  tranimiision  of  the  excitement  {Ji  335).  On 
continuing  to  increase  the  induction  current,  uliimately  a  sta^^e  is  reached  where  the  stimulation  at  the 
ne);ative  pole  again  becomes  ttronger  than  the  inhibition  at  the  positive,  and  this  ovcicomca  the 
latter.  x^ic  cnntractluns  before  the  gap  are  caused  by  the  occurrence  of  tin;  induction  current  (their 
latent  period  is  «hor1);  the  contractions  [lon^;  Inlctit  period,  like  that  after  all  opening  shocks— 
/Ka/Z/r),  after  the  gap.  are  caused  Ity  the  disappcatance  of  the  inducUon  current.  1.^.,  by  polarizalion ; 
this  is  ailded  to  the  stimulation  proceeding  from  the  ncgoiive  jxile,  which  after  ihe  gap  overcomca  ibe 
inhibition  at  the  po»(ive  pole,  and  excites  the  over-maximal  ccultaclions  (  Ttgrrsttiit  ami  fP'U/Aan/). 

.<  JTetanag. — If  single  shocks  of  short  duration  he  rapidly  applied  after  each  other 
to  a  nerve,  tetanus  in  the  corresponding  muscle  is  produced  (§  298,  III). 

.•\  motor  nerve  has  a  greater  specific  e.xcitability  for  electrical  stimuli  than  the 
muscle  substance.  This  is  proved  by  the  f^ict  that,  a  feebler  stimulus  suffices  to 
excite  a  muscle  when  applied  to  the  nerve  than  when  it  is  applied  to  the  muscle 
directly,  as  occtirs  when  the  terminations  of  the  motor  ner\es  are  paralyzed  by 
ciirara  {^Rosenthal). 

Sollmann  found  that  the  excitability  of  the  motor  nerves  of  new-born  animals 
for  electrical  stimuli  is  less  than  in  adults.  The  excitability  increases  until  the  5th 
to  loth  month. 

Unequal  Excitability. — Under  certain  circumstances,  the  nearer  the  part  of 
the  motor  nerve  i*imuilated  lies  to  the  central  nervous  sj-stera.  the  greater  is  the 
effect  produced  (contraclion) ;  [or  what  is  the  same  thing,  the  further  the  point  of 
a  nerve  which  is  stimulated  is  from  the  muscle,  the  stimulus  being  the  same,  the 
^  greater  is  the  contraction.  This  led  Pfliiger  to  his  "^yifllanche  jheory^j-'  /.  <•.,  that 
the  "  nerve  motion  "  increases  in  the  nerve  as  it  passes  toward  the  muscles.  Ttiis 
effect  is  explained,  however,  by  the  unequal  excitability  of  different  parts  of  the 
same  nerve].  .-Vccording  to  Fleischl,  all  ]>arts  of  the  nerve  are  equally  excitable 
for  chemical  stimuli.  Further,  it  is  said  that  the  higher  placed  parts  of  a  nerve  are 
more  excitable  only  when  the  stimulating  current  passes  in  a  descending  direction  ; 
the  reverse  is  the  case  when  the  current  ascends  {Hermann).  On  stimulating  a 
sensory  nerve.  Rutherford  and  Hallsten  found  that  the  reflex  contraction  was 
greater  the  nearer  the  siimulaied  i>oint  wus  to  the  central  nervous  system. 

Unequal  Excitability  in  the  same  Nerve. — Nerve  fibres,  even  when  func- 
tionally the  same  and  included  in  the  same  nerve  trunk,  are  not  all  equally  excitable. 
Thus,  feeble  stimulation  of  the  sciatic  ner^■e  of  a  frog  causes  contraction  of  the  flexor 
mttscles,  while  it  requires  a  stronger  stimulus  to  produce  contraction  of  the  extensors 
{Jiittcr,  1S05.  Roliett).     According  to  Ritler,  the  nerves  for  the  flexors  die  first. 

Direct  atlmulation  of  tbe  muscles  in  carari^ed  animalfi  show»  thai  ihe  Hekun  contrtiti  with  a 
feebler  stimulus  (but  alfto  faligue  sooner)  Uian  the  exleoson;  tbe  pale  --  '****  rabbit  arc 
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also  more  excitable  than  the  red.  As  a  nilc,  poieon?  affect  the  flexors  sooner  than  the  exrensors. 
Id  sorw  muscles  lome  pale  fibres  are  present,  and  they  are  mure  excitable  than  the  red 
{GiUtsner)  (j  2gS).  If  a  frog's  nervc-musclc  preparation  be  exposed  to  the  action  of  ether, 
on  strong  Mimnlation  of  the  scinlic  neire,  flexion  occnni  [Gru/sn^r,  /iawJitcA),  but  if  ihc  current 
W  made  sirunger,  e\ton^ion  tuVes  place.  Durinj;  deep  cthcr-narcusis,  strong  stlmulalioii  of  the 
Tccorrcnt  nerve  causes  dilaiaiinn,  sikI  with  slight  nnrcosi*.  narrowing  of  ihe  glmtiB  takes  place; 
ditalation  occurs  on  slight  siitiiuUiion  (/iawi/i/cA).  The  adductor  muscle  of  the  daw  of  a  craylt&h 
is  relaxed  under  n  wenk  Miinit1u:«,  but  it  conlrods  when  a  strung  stimulus  is  applied  to  it.  The 
Tcrersc  is  the  case  with  ibc  muscle  which  opens  the  claw  (SMfrmann). 

Unipolar  Stimulation. — \tonr  electrode  ofan  induction  apparatus  be  applied 
lo  a  nerve,  it  may  act  as  a  stiinuliis.  Du  Bois-Reymond  has  called  this  "unipolar 
induction  action."  It  is  due  to  the  movement  of  the  electrical  current  to  and 
from  the  free  ends  of  the  open  induction  current  at  the  moment  of  induction. 
[Unipolar  induction  is  more  apt  to  occur  with  the  opening  than  the  closing  shock, 
because  the  former  is  more  intense.] 

Upon  muscle,  electrical  stimuli  act  quite  as  they  do  upon  nerves.  Electrical 
currents  of  very  short  duration  have  no  effect  upon  muscles  whose  nerves  are 
paralyzed  by  curani(^rtff/r!,  and  the  same  is  true  of  greatly  fatigued  muscles,  or 
muscles  about  to  die  or  greatly  weakened  by  diseased  conditions  (§  399). 

325.  DIMINUTION  OF  THE   EXCITABILITY— DEGENERA^ 
TION  AND  REGENERATION  OF  NERVES.— 1.  Normal  Nutri- / 
lion. — The  continuance  of  the  normal   excitability  in  the  nerves  of  the  body', 
depends  upon  the  maintenance  of  the  normal  nutrition  of  the  nerves  themselves 
and  a  due  supply  of  blood.     Insufficient  nutrition  catises,  in  the  first  instance, 
increased  excitability,   and  if  the   condition  be   continued  the   excitability  is 
dimintbhcd  (§  339,  1). 

When  the  physician  meets  with  the  si^s  of  inereaitd  txcitability  af  the  ntrtfts^MoAsx  bad  or 
abnormal  conditions  of  nutrition,  this  is  to  be  regarded  as  the  beginning  of  the  stage  of  decrease 
of  the  nerve  energy.     Invigorating  measures  ore  retjuired. 

If  the  tirtninal  ncrv&us  apparatus  be  subjected  to  a  temporary  disturbance  of  its 
nutrition,  the  return  of  the  normal  nutritive  process  is  heralded  by  a  more  or  less 
marked  stage  of  excitement.  The  more  excitable  the  nervous  apparatus,  the 
shorter  must  be  the  duration  of  the  disturbance  of  nutrition,  e.g,,  cutting  off 
the  arterial  blood  supply  or  interfering  with  the  respiration. 

2-  Fatigue. — Continued  excessive  stimulation  of  a  nerve,  without  sufficient 
intervals  of  repose,  causes  fatigue  of  the  nerve,  and  by  exhaustion  rapidly 
diminishes  the  excitability,  A  nerve  is  more  slowly  fatigued  than  a  muscle 
{Scms/ein)t  but  it  recovers  more  slowly  (§  304V  [Nerves  of  cold-blooded  animals 
(  H^ifenskii)  and  mammals  {^Bowditck)  may  be  tetanizcd  for  hours  without  becoming 
fatigued.] 

[To  show  that  a  muscle  is  much  more  rapidly  fatigued  than  a  nerve,  Bernstein  arranged  two 
nerve-rauscle  preparmlions  so  that  l>oUi  nerveii  were  tetanized  siinuI|ancou<^Iy,  but  through  one  of 
the  nerves,  a  polarizing  constant  current  was  [Kwsed  by  means  of  non-[x>lari/-.iblc  electrodes  W  327), 
ao  that  the  condhion  of  anclecctoionus  (g  355)  was  set  up  in  this  nerve,  and  thus  "  blocked  "  the 
propHgnliod  of  impult»es  to  the  corresponding  muscle.  Only  one  muHcIc,  therefore,  was  tetanized. 
Both  nerves  were  continuously  stimulated  until  fatigue  of  the  contracting  muscle  look  place,  and  on 
breaking  the  polarizing  current  applied  to  the  other  nerve,  the  corresponding  muscle  at  once  became 
tetanic  Now,  as  both  nerves  were  equally  stimulated,  and  the  mascle  lo  connection  with  one  nerve 
was  fatigued,  while  the  other  muscle  at  once  couiructcd,  >l  i!»  evident  that  a  tnusclc  is  much  more 
rapidly  fatigued  than  a  motor  nerve.  In  sensory  nerves,  fatigue  and  recovery  are  analogous  to  the 
corresponding  processes  in  motor  nerves  [Jierniiein)J\ 

Recoveiy . — When  a  nerve  recovers,  at  first  it  does  so  slowly,  then  more  rapidly, 
and  afterward  again  more  slowly.  If  recovery  does  not  occur  within  half  an  hour 
after  a  frog's  nerve  has  been  subjected  to  very  long  and  intense  stimulation,  it  will 
not  take  place  at  all. 

3.  Coiitinued  inaction  of  a  nerve  diminishes,  and  ntay  ultimately  abolisk 
the  excitability.  ' 
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Thus,  tbe  central  ends  of  divided  sensory  nerves,  aStvr  amputation  of  a  limb,  lose  their  excila- 
btlily,  althDugli  the  ncives  arc  »ti1I  connected  with  the  ccnitol  nervoufi  >y«tcni,  becnuse  the  end 
.organs  through  which  they  were  normflUy  excited  liavc  l)cen  removed. 

Fig.  377. 
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Degmctalion  ftnd  rvgeovration  of  d«tt«s.  A,  subdlvKion  of  the  mydln  :  B,  further  duintegratina  ibervof 
(ounicacid  coining),-  C,  tniemiplloin  of  the  axial  cyltndcr,  which  U  kurroumled  with  the  brolcen-up 
myelin:  D,  arcumulillon  o(  nuclei,  with  the  rem-iintlcr  iff  the  ntyclin  in  Bkplndk-shapcd  fibre;  E,  a 
new  tMrvc  6bre.  with  a  new  »be;ilh  of  Schwann,  ttt,  wiihin  the  old  ilicatb  gf  Schwann,  ia;  F,  a  n«w 
nerve  fibre  paaiinf  in  a  curved  counc  thrau(h  an  old  nerve  fibre  iheaih.  ' 

r  Fig.  378. 


Diagram  oC  the  roou  uf  a  •piiul  n«rv«,  showing  the  effect  of  section  (the  black  parts  rcpreieni  the  Je^encralcd  part*). 
A,  teciitin  of  (he  nerve  irurik  liejrunil  the  gangliun  ;  II.  of  the  anterior  root,  and  C.of  the  potlcnor;  D.exclftlon 
of  the  jangiion :  4,  antcriur,  /,  pcAlcrior  root :  g,  ganglion. 

4.  Separation  from  their  Nerve  Centres. — The  nerve  fibres  remain  in  a 
condition  of  normal  nutrition,  only  when  they  are  directly  connected  with  their 
centre,  which  governs  the  nutritive  processes  within  the  nerve.  If  a  nerve 
within  the  body  be  separated  from  its  "  nutritive  centre  " — either  by  section 


TRAUMATIC  AND  FATTY  DEGENERATfON. 


589 


I 


of  the  nerve  or  compressing  it — within  a  short  time  it  loses  its  excitability,  and 
the pen'/A^ra/ end  undergoes  fatty  degeneration,  which  begins  in  four  to  six  days 
in  wami-blooded  animals,  and  aftera  long  lime  in  cold-blooded  ot\es(Joh.  MulUr). 
See  also  the  changes  of  the  excitability  during  this  condition,  the  so-called 
"  Reaction  of  degeneration  "  {%  339).  ^^  the  sensory  nerve  fibres  of  the  root 
of  a  spinal  nerve  be  divided  on  the  central  side  of  the  ganglion,  the  fibres  on  the 
peripheral  side  do  not  degenerate,  for  the  ganglion  is  the  trophic  or  nutritive 
centre  for  the  sensory  nerves;  but  the  fibres  still  in  connection  with  the  cord 
degenerate  {Waiifr). 

^Wallerian  Law  oj  Degeneration. — If  a  spinal  nerve  be  divided,  the 
peripheral  part  of  the  nerve  and  its  branches,  including  the  sensory  and  motor 
fibres,  degenerate  completely  (Fig.  378,  A),  while  the  central  parts  of  the  nerve 
remain  unaltered.  If  the  <jff/cr/tfr  jro^;/ of  a  spinal  nerve  alone  be  divided  before 
it  joins  the  posterior  root,  all  the  peripheral  nerve  fibres  connected  with  the 
anterior  root  degenerate  (Fig.  378,  B),  so  that  in  the  nerve  of  distribution  only 
the  motor  fibres  degenerate.  The  portion  of  the  ncr\'c  root  which  remains 
attached  to  the  cord  does  not  degenerate.  If  the  posterior  root  alone  be  divided, 
between  the  spinal  cord  and  the  ganglion,  the  effect  is  reversed,  the  part  of  the 
nerve  root  lying  between  the  section  and  the  spinal  cord  degenerate-i,  while  the 
part  of  the  nerve  connected  with  the  ganglion  does  not  degenerate  (Fig.  378,  C). 
The  central  fibres  degenerate  because  they  arc  separated  from  the  ganglion.  If 
the  ganglion  be  excised,  or  if  separated,  as  in  Fig.  378,  D,  both  the  central  and 
peripheral  parts  of  the  posterior  root  degenerate.  These  experiments  of  Waller 
'show  that  the  fibres  of  the  anterior  and  posterior  roots  are  governed  by  different 
centres  of  nutrition  or  *' trophic  centres."  As  the  anterior  root  degenerates 
when  it  is  separated  from  the  cord,  and  the  posterior  when  it  is  separated  from  its 
own  ganglion,  it  is  assumed  that  the  trophic  centre  for  the  fibres  of  the  anterior 
root  lies  m  the  multipolar  nerve  cells  of  the  anterior  horn  of  the  gray  matter  of 
the  spinal  cord,  while  that  for  the  fibres  of  the  posterior  root  lies  in  the  cells  of 
the  ganglion  placed  on  it.  The  nature  of  this  supposed  trophic  influence  is 
entirely  unknown.] 

Traumatic  and  Patty  Degeneration. — Both  endsof  the  nerve  nt  this  point  of  section  imme- 

liatcly  begin  10  undergo  "traumatic  degeneration."     (In  the  Fru};   on  the  1st  and  ad  day.) 

l-^fter  a  time  neither  the  myelin  nor  axis  cylinder  is  distinguishable  {Sihiff).     According  to  ICngel- 

Iv^ann,  l)it<)  cnndilion  extendi  only  to  the  nearest  node  of  Raiivier,  and  afterward  ihe  Mi-cntied  *'  fatty 

l«Jegeneralion  "  begins.     'Ilic  process  of  "/•tUy'"  defeneration  begins  simultaneously  in  the  whole  ■ 

rj:3criphcral  purtion;  th«  while  substance  of  Schwann  breaks  up  into  ma:»ses(Fig.  377,  A),  just  as  it 

«:3oes  after  death,  in  microscopic  preparalinnA ;  afterwanl,  the  myelin  forms  globules   and  round 

vxuLsaes  (U).  the  axial  cylinder  U  compre&sed  or  constricted,  aad  is  ultimately  broken  across  (C)  in 

vnany  places  (7th  day).     The  nerve  filwc  seems  to  break  up  into  two  substances — one  fatty,  the  other 

XDTDieia  in  constitution,  the  fat  being  ohsorbed  (5.  Mayer).     The  nuclei  of  Schwflnn's  shenih  swell 

map  and  prolifcniic  {{> — until  the  loih  day).     According  lo  Ranvicr,  the  naclei  of  the  inter-annular 

^Kgments  and  their  surrounding  protoplasm  pnjlifcmte,  nnd  ullimntely  interrupt  tlic  continuity  of  the 

^uix  cylinder  and  the  myelin.     They  then  undergo  considerable  development  vviih  simultaneous  dis- 

^jpearaiice  of  the  mednllaand  axis  cylinder,  oral  least  fatty  Rulwtanccs  formed  by  their  dcgcneralion, 

90  that  the  nerre  fibres  look  like  fibres  of  connective  lisfue.     [According  \o  this  view,  the  process  is 

an  part  an  active  one,  due  lo  the  growth  of  the  nerve  coipusclen  breaking  up  the  contents  of  the 

vieurilcmms,  which  then  ultimately  undergo  chemical  ilegcncrativc  changes.]     According  to  Ranvier, 

Tixioni,  an<I  others,  leucocytes  wander  into  the  cut  entU  of  Ihe  nerves,  and  also  at  Ranvier's  nodes, 

insinuating  themselves  into  the  nerve  fibre*,  where  they  take  myelin  into  their  bodies,  and  subject  It 

to  certain  changes.     [These  cells  are  best  revealed  l:'y  the  action  of  ostnic  acid,  which  blackens  any 

myelin  particles  in  tlieir  interii-r.]     Degeneration  also  lakes  place  in  the  motoridi  enil  plates,  begin- 

nmg  first  in  the  non-medulloted  branches,  then  in  the  terminal  fibrils,  and  lastly  in  the  nerve  trunks 

I     i^Gesster). 

\  P*f*wjpitiyn  of  Nerves. — In  order  that  regcnerntinn  of  a  divided  nerve  may  lake  place 
(CruittsAan/:,  1795).  the  divided  ends  of  the  nerve  must  be  brought  into  contact  (3  244).  In  man 
this  is  done  by  means  of  sutures.  About  the  middle  of  the  fourth  week,  !imall  clear  bands  appear 
within  the  neurilemma,  winding  between  Ihe  nuclei  and  the  remains  of  Ihe  myelin  {K).  They  scon 
become  wider,  and  receive  myelin  wHih  incisures,  and  nodes,  and  a  sheath  of  Schwann  (ad  to  3d 
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month — F).  Tbe  regtnenitiofi  process  lakes  place  in  ««ch  inter-anoalar  s^ment.  while  Ihe  tmlividnal 
segments  unite  eiid  lo  end  at  tbe  nodes  of  Ronvicr  ({  331,  ],  5).  On  this  view,  each  nerve  segment 
of  the  fibre  corresponds  (o  a  "  cell  unit  **  {£.  JVeumantt,  Eichhont^.  The  same  process  occur*  id 
nerves /(^a fur  ft/ in  their  course.  Sei/rrai  nevi  fibres  may  he  formed  within  on/' old  nerve  sbeath. 
Tlie  divided  axis  cy\\i\AcT&  of  the  c^n/rtt/  end  of  the  ncive  bt^n  lo  grow  about  ihe  t4th  day,  ootil 
they  meet  the  newly  formed  one^.  with  which  ihey  unite. 

[Primary  and  Secondary  Nerve  Suture. — Numerous  experiments  on  animals  and  man  have 
established  the  fact  that,  minicdtate  or  primary  suture  of  a  nerve,  after  it  is  divided,  cither 
acciilenuUy,  or  iiuemii>n»lly,  hastens  reunion  and  regeneration,  and  accelerates  the  rcslorafion  of 
function.  Secondary  suture,  i.r.,  bringing  the  ends  together  long  after  the  nerve  has  becD 
divided,  has  been  practiced,  with  success.  Surgeons  have  recorded  cases  where  the  function  was 
reainreU  uflcT  diviMon  lud  taken  place  for  3  to  16  months,  and  even  longer,  and  in  most  cases  tbe 
sensibitiiy  was  restored  first,  the  average  time  lieing  2  to  4  weeks.  Motion  Is  recovered  much 
later.  The  ends  of  the  nerve  should  be  stitched  to  each  other  with  catgut,  the  muscles  at  the  same 
time  being  kept  from  becoming  alro]>hied  by  electrical  stinmUtion  and  the  systematic  use  of  maasaee 
(}  307).  After  suture  of  a  nerve,  conductivity  15  restored  in  the  rabbit  in  40  days,  on  the  jitt  in 
dogs,  and  25th  in  fowls,  but  after  simple  divuMon  without  suture,  not  until  the  6oib  day  in  the  rabbit. 
Transplantation  of  nerve  docs  not  succeed  (yoAnson).'} 
^^HJpion  of  Nerves. — The  central  end  of  a  dividcvl  motor  nerve  may  antic  with  th«  peripheral  end 
of  another,  and  still  conduct  impulse*  {/^ava).  [It  is  stated  that  sensory  fibres  wilt  reunite  with 
sensory  fibres,  and  luoiur  fibres  with  motor  fibres,  and  the  regenerated  nerve  will,  in  the  former  case, 
conduct  sensory  impulses,  nnd  the  latter  motor  impulses.  There  is  very  considerable  diversity  of 
opinion,  however,  as  to  the  rc^ncralion  or  union  o(  sensory  with  motor  fibres.  TauI  Hcrt  made  the 
following  experiment :  He  stitched  the  tail  of  a  rat  into  the  animal's  back.and  after  union  had  taken 
place,  he  cut  the  tail  from  the  body  at  the  root,  wThat  the  tail,  as  it  were,  grew  out  of  the  animal's 
back,  broad  end  uptiermosl.  On  irritating  the  end  of  the  tail,  which  was  formerly  the  root,  the 
animal  gave  signs  of  pain.  This  experiment  was  devised  by  Bert  to  try  to  show  that  nerve  fibres 
can  conduct  impuUe^  in  both  directions.  One  of  two  things  must  have  occurred.  Eitlicr  the  motor 
fibres,  which  norirnlly  carried  impulses  down  the  tail,  now  convey  them  in  the  opposite  direction, 
and  convey  them  to  sensory  fibres  with  which  they  have  united  ;  or  theseusory  fibres,  which  normally 
conducted  impulses  from  the  tip  upward,  now  carrying  ihem  in  the  opposite  direction.  If  the 
former  were  actually  what  happened,  it  would  show  that  nerve  fibres  of  difTtrmt  function  do  unite 
(I  349).  Rcichert  asscfli^  tliat  he  has  liuccecded  in  uniting  the  hyjxiglossal  with  the  vagusin  the  dog. 
According  to  Gessler  the  end  pbte  is  the  first  to  regenerate.] 

Trophic  Centres. — The  regeneration  of  the  nerves  seems  to  take  place  under 
ihc  influence  of  the  nerve  centres,  which  act  as  their  nutritive,  or  trophic  centres. 
Nerves  i)crmanently  separated  from  these  centres  never  regenerate. 

During  the  regeneration  of  a  mixed  nerve,  sensibihty  is  restored  first,  subse- 
quently voluntary  motion,  and  lastly  the  movements  of  the  muscles,  when  their 
motor  nerves  are  stimulated  directly  (Schiff,  Efb,  p.  Zumssen). 

Wallerian  Method  of  Investigation. — A?*  %\\k ptriphera!  end  of  a  nerve  undergoes  defenera- 
tion after  section,  we  use  this  method  for  determining  the  course  of  nerve  fibres  in  a  complex  arrange- 
ment of  nerve*.  The  coarse  of  sj>ccial  nerve  fibres  may  be  ascertained  by  tracing  the  degeneration 
tract  ( Waller).  If  after  section,  rennion  or  regeneration  of  a  motor  nerve  does  not  take  place,  tlie 
muscle  supplied  by  this  nerve  uliimaldy  undergoes  fatty  degeneration. 

5.  Modifying  Conditions. — Under  the  action  of  various  operations,  e.  g,, 
€<mtpressing^  ner\e  [so  as  not  absolutely  to  sever  the  ph)-siological  continuity],  it 
has  been  found  that  voltmtary  impulses  or  stimuli  applied  above  the  compressed 
spot,  give  rise  to  impulses  which  are  conducted  through  the  ner\'e,  and  in  the  case 
of  a  motor  nene,  cause  contraction  of  the  muscles,  while  the  excitability  of  the 
parts  beiow  the  injured  spot  is  greatly  diminished  {S<hiff^.  In  a  similar  manner,  it 
is  fotmd  that  the  nerves  of  animals  poisoned  with  CO,,  curara  orconiin,  sometimes 
even  the  nerves  of  paralyzed  litnbs  in  man,  are  not  excitable  lo  direct  stimuli, 
while  they  are  capable  of  conducting  impressions  coming  from  the  central  nervous 
system  { Duchenne).  The  injured  part  of  the  nerve,  therefore,  loses  its  excitability- 
sooner  than  its  power  of  conducting  an  impulse. 

6.  Certain  poisons,  such  as  veratrin,  at  first  increase  the  excitability  of  Die 
nerves,  and  afterward  abolish  it;  with  some  other  poisons,  the  abolition  of  the 
excitability  passes  off  very  rapidly,  e.g.,  curara.  Coniiim,  cynoglossum,  iodide 
of  methylstrychnin,  and  iodide  of  aeihylstrychnin  have  a  similar  action. 
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If  th«  nerve  or  muscle  of  a  frog  be  placed  in  a  solution  of  the  poison,  we  obtain  s  different  effect 
ftxitn  thai  which  remits  when  the  poison  is  injected  into  the  body  of  the  sninul.  Atropin  diminishet 
the  csctiabtlity  of  a  nerve- muscle  preparation  of  the  frog  wtthoui  causing  any  previous  increase,  while 
alcohul.  ether,  and  chloroform  increase  and  ihcn  diminish  the  cxcitabiUiy  {A/tfifiuism), 

K  7-  Rittgr-Valli  Law.— If  a  nerve  be  separated  from  iis  centre,  or  if  the  ^ 
centre  die,  the  cxcitabmty  of  the  nerve  is  increased ;  the  increxsc  begins  at  the 
central  end,  and  travels  toward  the  periphery — the  excitability  then  fails  until  it 
disappears  entirely.  This  process  takes  place  more  rapidly  in  the  central  than  in 
the  peripheral  part  of  the  nerve,  so  that  the  peripheral  end  of  a  nerve  separated 
from  its  centre  remains  excitable  for  a  longer  time  than  the  central  end. 

The  rapUity  of  the  tmnimissian  of  impulses  in  a  nerve  is  increased  when  the  excitability  ta 
incrcAicd,  but  it  is  lessened  when  the  excitibility  is  diminished.  In  the  latter  condition,  au  electrical 
stimulus  must  last  longer  in  order  to  be  effective ;  hence  rapid  tuduclion  shocks  may  not  produce 
any  effect. 

The  lirui  of  rcntraction  also  tmdcrgoes  fome  modification  in  the  different  stages  of  the  changes  of 
excitabtlity  \\  336,  II). 

8.  Excitable  Points. — Many  nerves  are  more  excitable  at  certain  parts  of  their 
course  than  at  others,  and  the  excitability  may  last  longer  at  these  parts.  One  of 
these  jiarts  is  the  upper  third  of  the  sciatic  ner\'e  of  a  frog,  just  where  a  branch  iij 
given  off  {Budge). 

The  motor  and  sensory  fibres  of  the  upper  third  of  (he  sciatic  nerve  of  a  frog  are  more  excitable 
for  all  stimuli  than  the  lowir  pans  ( GrUitner  and  Etpon).  Whether  this  arises  from  injury  during 
preparation  (a  branch  i^  given  off  there),  or  is  due  to  anatomical  conditions,  e  ^.,  more  connective 
lissue  and  more  nodes  in  the  lower  part  of  the  sciatic,  is  undetermined  \Oara  lial^noH). 

This  increased  excitability  may  be  due  to  injury  to  the  nctve  in  [)reiMirin(>  it  for  ex{>erimenL  After 
section  or  oompresiion  of  a  netve,  all  electrical  currents  employed  to  stimulnie  the  nerve  are  far  more 
active  when  the  direction  of  the  curient  [lasses  away  from  the  point  of  injury,  than  when  they  pass 
in  the  oppoaile  direction.  This  is  due  to  the  fact,  that  the  current  produced  in  the  nerve  after  the 
lesion  is  added  to  the  stimulation  current  ()  331,  5).  Kven  in  intact  nerves — sciatic  of  a  frof; — where 
the  nerve  ends  at  the  periphery  or  at  the  centre,  or  where  large  branches  are  given  off,  there  are 
points  which  behave  in  the  same  way  as  tho»e  points  where  a  le&iou  has  taken  place  ^OfitUner  and 
Mos(hHer\, 

Death  of  a  Nerve. — In  a  dead  nerve  the  excitability  is  entirely  abolished,- 
death  taking  place  according  to  the  Ritter-Valli  T-aw,  from  the  centre  toward^tKe 
periphery.     The  reaction  of  a  dead  nerve  has  been  found  by  some  observers  to 
be  acid  (§  32s). 

The  functions  of  the  brain  cease  immediately  death  takes  place,  while  the  vital  functions  of  the 
spinal  cord,  especially  of  the  white  matter,  la<t  for  n  short  time;  the  large  nerve  trunks  gradually 
die,  then  (he  nerves  of  the  extensor  muscles,  those  of  the  llexors  aficr  three  to  four  hours;  while  ihe 
ayxnpathetic  6brei  retain  their  excitaliiliiy  longest,  thoAe  of  the  intestine  even  for  ten  hours  (<7Mi'm«;). 
Compare  \  295.  'llie  nerves  of  a  dead  frog  may  remain  excitable  for  several  days,  provided  the 
animal  l»e  kepi  in  a  cool  place, 

Electro-Physiology. — Before  beginning  the  study  of  electro-physiology,  the 
student  oupht  tn  read  and  study  carefully  the  following  short  preliminary  remarks 
on  the  physics  of  this  question  : — 

326.  PHYSICAL,— THE  GALVANIC  CURRENT— RHEOCORD.  —  i.  Electn>- 
tnotive  Force. —  If  two  of  the  under-mentioned  l<odie»l>e  lirought  into  rttrcct  contact,  in  one  of  them 
posilivc  electncity,  and,  in  the  oilier,  negative  cicctricily  can  be  detected-  The  cause  of  tins  pbe- 
nomennn  is  the  tlfitra.motive  force.  The  electro- motive  substances  may  Ite  arrange*!  in  a  series  of 
the  firai  class,  so  that  if  the  tirst-mrniioncd  substance  t>c  brouf^ht  into  contact  with  any  of  the  other 
tiodics,  the  first  substance  ia  iiegaiivcly,  the  lant  |>oBitively,  elcctiitieii.  Tliis  scries  U:  carbon,  plati- 
num, gold.  Mlver,  copper,  iron,  tin,  lead,  zinc  +  . 

The  amount  of  the  electro- motive  force  produced  by  Ihe  contact  of  two  of  these  bodies  is  greater, 
the  further  the  Ixxlics  are  apart  in  the  lerie*.  The  contact  of  the  l»dies  may  take  place  at  one  or 
more  points.  If  several  of  the  bodies  of  this  seric*  be  arranged  inaiale.the  eiectrical  tension  thereby 
procluceil  \s  just  as  greiM  a<«  if  the  two  extreme  l>odies  wrrr  brouglil  into  conliict,  the  tolermediale 
ones  Ikf  ipg  Icfi  out, 

2.  The  naiorc  of  the  two  electricities  is  readily  determined  liy  placing  9nt  of  the  Iiodies  of  the 
scries  in  contact  wUk  ajtuid.     If  zinc  be  placed  in  pure  or  acidulated  water,  tbe  nnc  is  -f-  (posi- 
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live)  and  ibe  water  —  (negative).     If  copper  be  tnken  inUead  of  zinc,  tbe  copper  k  -f  twi  iW 
fluid  — .     Experimcm  sbows  tbat  lbo«e  tnelaN,  in  contact  with  Auid,  arc  nCfj&Dvcly  electh6cd  01CM 
frUongly  which  arc  moM  actrd  on  chcmicully  by  the  fluid  in  which  they  Arc  placed.     Each  sach  eomr 
bination  affords  a  constant  difTacncc  of  iviibion  or  potential.     The  tcnsioo  [or  power  of  ovtramd^ 
resistance]  of  the  amount  of  cleclricjiy  obtained  from  both  txidtes  depends  ufton  ihc  siie  of  Uw  war^ 
faces  in  contact.     The  fluids,  e.  ^.,  the  solutions  of  acids,  alkalies,  or  ftalt&,  are  called  e«cilrf9  ttft 
electricity  of  the  second  class.    Thi-y  do  not  form  among  ihcmtelveft  a  definite  fteric«  with  ffiffim^^ 
tensions.     When  placed  in  ihcsc  fluids,  ihe  lueials  lying  ne%i  the  -f  end  of  the  above  serieii  a — 
cially  zinc,  arc  uio«t  strongly  eleclrified  negatively,  and  to  a  leas  exical  those  lying  nearer  the  -^  i 
of  the  scries. 

3.  Oolvanic  Battery. — If  two  different  exciters  of  tlie  first  c\ua  be  placed  in  fluid,  wHhoot 
bodies  coming   into  contact,  «■.  ^.,  zinc  and  copper,  the  projecting  end  of  the  (negative)  tine  »t«] 
free  negative  elecuictty,  while  the  free  end  of  the  (positive)  copper  fthows  free  poNtive  clrctiic 
Such  a  combination  of  two  elcciro-motont  of  the  fir^t  class  with  an  elcctro-iuotor  of  Ibe  scoood  c^j^^ 
is  called  a  gah>ani€  hattery.     As  long  as  the  two  melals  in  this  fluid  are  kept  separate,  the  cifcov(  ^ 
snid  to  be  brokcH  or  open,  but  lu  soon  as  the  free  projecting  ends  of  the  metals  are  connected  ovtM^ 
the  fluid,  e.  g.,  hj  a  copper  wire,  the  circuit  or  current  is  madf  or  fUseti,  and  a  ^ah-anic  or  coOBtcaf 
current  of  electricity  la  obtained.    Tlie  galvanic  current  has  resistance  to  cocounier  in  iis  come, 
which  is  called  **  eotufuction  resistant^"  (W).      It   is   directly  fwoportional   (I)  to  the  /fif^i  (/|  iW 
the  circuit ;  (2)  and  with  the  same  length  of  circuit,  inversely  as  the  section  (^)  of  the  same,  lad 
(3)   it  also  depends  on  Ihe  molecular  properties  of  llie  conducting  material  {spm'/ie  nm^aoim        I 
r/sistanct  i^  j),  so  that  the  conduction  resistance,  \V  =  (i.  /)  :  y.     The  resiitaoce  (o  condiom       | 
increases  with  the  increase  of  the  temperature  of  the  metals,  but  diminishes  under  similar  condlbott 
with  fluids. 

Ohm's  Law.—Thc  strength  of  a  galvanic  current  (S),  or  the  amount  of  eleclririiy  [la^in^  iliroq;fc 
the  closed  circuit,  is  pmportional  to  the  electro- motive  force  (E) — or  the  elearical  tenaoo,  Utt 
inversely  proportional  to  the  total  re&Utancc  to  conduction  (L) — 

So  that  S  =  E  :  L  (Ohm*s  Law,  li^^). 

The  total  resistance  to  conduction,  however,  in  a  closed  circuit  is  com{KMed  nf  ( 1 )  ihci 
outside  the   latter^'  (•' extraordinary  resistance ") ;  and  (2)  the   resistance  within  the   battdf] 
("essential  resistance").     The  specific   resistance  to  cooduclion   is  very  variable  in  diffensli 
stances ;    it  is  relatively  small  in  metals  {f. g.,  for  copper  =  I ,  iron  ■=  6.4,  German  silver  =  I3|, 
but  very  great  in  fluids  (c.  ^.,  for  a  concentrated  solution  of  common  salt  6,515,000,  for  a  omcd 
iroted  solution  of  copper  sulphate  10,963,600). 

Conduction  in  Animal  Tissues. — It  is  also  very  great  in  animal  tiBSoes,  almost  a  iidKss 
times  greater  than  in  metals.  When  a  constant  current  is  applied  to  the  akin  <.a  as  to  iravenrlte 
body,  the  resistance  diminishes  because  of  the  conduction  of  water  in  the  epidermis  nnder  the  lOio 
of  the  constant  current  {\  290),  and  the  congestion  of  the  culancous  blood  vessels  in  cooseqnetcr 
of  the  Mimutntion.  But  ihe  resistance  varies  in  different  jiarls  of  the  ikin,  the  least  heiae  to  tV 
palm  of  ihe  hand  and  sole  of  the  foot.  The  chief  seat  of  the  resistance  ii  the  epidermis,  lor  ifc* 
\\A  rcmo\i1  b^  means  of  a  blister,  the  resistance  is  greatly  diminished.  Dead  tissne,  as  a  rvle.  n  - 
worse  conductor  than  living  tissues  {Jcli'y).  When  the  current  is  passed  iramx^frtfty  to  the  '-Lt^ 
tion  of  the  fibres  of  a  muscle,  the  [tsislaucc  is  nearly  nine  times  as  great  as  when  the  ctirrtnt  |a« 
in  the  direction  of  the  fibres — a  coodilion  which  disappears  in  rigor  mortis  {Ifermitnn),  lo  Dcrvet. 
(he  resistance  longitudinally  is  two  and  a  half  million  times  greater  than  in  mercury,  traBSVCnEi; 
about  iwelve  million  times  greater  {//^rimtnn).  Tetanus  and  rigor  mortis  diminish  the  resiiMCt 
in  muscle  (/>«  Boii-KninonJ). 

Deductions. — It  fuitc>w>  from  Ohm's  law  that — 1.  If  there  is  very  great  resistance  lo  iKe  cwmrt 
outside  the  battery-  [j.  e.,  between  the  electrodes],  as  is  ihe  case  when  a  nerve  or  a  muscle  Ucsoetla 
electrodes,  Ihe  strength  of  the  cummt  can  only  oe  increased  by  increasing  the  number  of  the  dedf^fr 
motive  elements.  II.  When,  however,  the  extraordinary  resistance  is  very  small  compared  v*^ 
(hat  within  the  battery  itself,  the  strength  of  the  current  cannot  be  increased  by  increasiag  As 
number  of  th<^  elemenLs  but  only  by  increa-iing  the  surfncn  of  ihe  plates  in  ibe  balirry. 

Strength  and  Density. — Wc  muH  carefully  distin};ui»h  ihc  strm^tk  (intensity)  of  the  cvmtf 
from  iis  iifnsUy.  As  the  Mme  amount  of  electricity  always  llows  ihrotiph  any  given  Utusm* 
Section  of  the  circui!,  then,  if  the  size  of  the  transverse  section  uf  the  cittuii  vanes,  the  eledrcifr 
must  be  of  greater  dauity  in  the  narrower  parts,  and  ii  is  evident  that  llic  density  will  be  )a»  rtot 
ibe  transverse  section  is  greater.  I^t  S  ^=  ihe  strength  of  the  current,  and  (j  the  transvetw  iea*» 
of  the  given  pan  of  the  circuit,  then  the  density  )•/}  at  the  latter  |>arl  is  </=  S  :  f. 

If  the  galvanic  current  passing  from  the  positive  pole  of  a  tiallery  is  divided  into  two  Of  OEK 
streams,  which  are  again  reunited  at  the  other  pole,  then  the  sum  of  the  siren^th  of  all  the  stRsai 
is  equal  to  the  strength  of  the  undivided  stream.  If,  however,  the  dilTcretu  stream^  arc  diflrteutis 
regards  length,  section  nnd  material,  then  the  strei^th  of  the  current  passing  in  each  of  the  iIMBM 
is  inversely  j-rMpcrlional  lo  ilic  r&i'.lance to  the  comluctiun. 

Du  BoiB-Reymond's  Rheocord. — This  instrument,  connnicied  on  the  principle  of  At 
"secondary"  or  "  short  circuit,"  enables  us  to  graduate  Ibe  strength  of  a  galvanic  correnl  to  of 
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required  degree,  for  the  itiinulation  or  nerve  and  muscle.     From  the  two  poles  (Ffg.  379,  a,  6)  of  a 

constant  bititry.  there  are  two  conducting  wires  (a,  r  and  rf,  d),  which  go  to  the  ner»c  of  a  frog's 

nenre-mu&cle  preparation  (F).     The  portion  of  nerve  (c,  d)  introduced  into  this  circuit  (n,  t,  J,  b) 

ofiers  ivrv  great  lesistance.     The  second  strcnm  or  Mcondory  circuit  {a  A,  f>  U)  conducted  from  a 

and  /  puses  through  a  thick  brai«  plate  ^A,  h\  consisting  of  seven  pieces  of  brass  (i  to  7)  placed 

end  to  KuA,  but  not  in  contact.     They  can  all.  m  tth  the  exception  of  1  and  a.  be  made  to  form  a 

continuuuii  conductor  by  placing  in  the  spaces  between  them  the  braw  plugs  (S.  to  S^).     Evidently, 

with  the  arrangement  shown  in  Fig.  379,  only  a  minimal  part  of  the  current  wilt  pass  through  the 

nerve  (f,  a),  owing  to  the  very  great  resistance  in  it,  while  by  fv  ihc  greatest  part  will  posfi  ibrough 

the  good  conducting  medium  of  brau  (A,  1.,  B).     If  new  reaiatance  be  introduced  into  this  circuit, 

then  the  >3,  <-,  j/,  ^  itream  will  be  sircngthcned.     This  resistance  can  be  Introduced  into  the  latter 

circuit  by  means  of  the  thin  wires  marked  I  a,  I  ^,  I  r,  II,  V,  X.     Suppose  all  the  brass  plugs  from 

S|  to  Sj  10  be  removed,  then  the  current  entering  at  A  must 

travenc  the  whole  s)'stem  of  thin  wires.     I'bus,  there  is  mure  p 

retiiUnce  to  the  passage  of  this  current,  so  that  the  cunent  ^'^' 

Ihroueb  the  ntrve  must  be  strengthened.     If  only  one  brass 

plug  tie  taken  out,  then  the  current  passes  thruugh  only  the 

corrc^Kwding  length  of  wire.     The  resistances  oncred  by  the 

different  Ungtlts  of  wire  from    I   a   to  \  are  so  arranged  that 

I  a,  I  ^  and  I  t  each  represents  a  unit  of  resistance;    II, 

double;  V.  five  limes;  and  X,  ten  timet  tbr  rc^iirlance.    The 

length  of  wire,  I  a,  can  also  be  nhortmcd  by  the  movable 

bridge  (1.)  [compcwed  of  a  small  tube  hlled  with  mercury, 

through  which  the  wires  pasj>],  Ihc  scale  (jr.  y)  indicating  the 

length  of  the  resiiiance  wires.     It  is  evident  that,  by  means  of 

the  briilge,  and  by  tlie  method  uf  u^ing  the  brass  plugs,  the 

a{^]aratus  can  be  graduated  to  yield  ver)*  varinble  currents  for 

stimulating  nerve  or  muscle.     When  the  bridge  ^L)  Is  pu&hed 

bard  up  to  1  and  2,  the  current  pn.vscs  directly  from  A  to  R, 

and  not  thn-iUf^h  (he  tbin  wires  (I  a). 

The  rheostat  is  another  insttument  used  to  vary  the  resist- 
■nee  of  a  gmlvanic  current  ( iVktatttent). 

"    Ic 

347.  ACTION  OK  THE  GALVANIC  CURRENT 
ON  A  MAGNETIC  NEEDLE— GALVANOME- 
TER.— In  1820,  l>erete<it,  of  Copenhagen,  found  that  a 
raacnetic  needle,  suspended  in  the  magnetic  meridian,  wo^ 
deflected  by  a  constant  current  of  elcclndty  passed  along  a 
wire  parallel  to  it.  [llie  side  to  which  the  north  pole  is 
deflected  depends  upon  the  <iirection  of  the  current,  and 
whether  it  pa.s»cs  above  or  below  the  needle.] 

Amp^re'a  Rule. — Ampere  has  given  a  simple  rule  for 
determining  the  direction  If  an  olKcrver  be  placed  parallel 
to  and  facing  the  needle,  and  if  the  cunent  be  passing  from 
hb  feet  to  his  head,  then  the  north  pole  of  the  needle  will 
always  be  deflected  to  the  ////,  and  the  south  pole  in  the  oppo 
site  directioo.  The  cAcct  exerted  by  the  constant  current  ads 
always  in  a  direction  toward  the  so-called  electro- magnetic 
plane.  The  latter  is  ihc  plane  passing  through  the  north 
pole  of  the  needle,  and  two  {KuntJt  in  the  Mraight  wire  running  parallel  with  the  needle.  The  forre 
of  the  constant  current,  which  causes  Ihe  dcncction  of  the  magnetic  needle,  is  proportional  to  the 
sine  of  thr  anglr  l>etween  the  electro-magnetic  plane  and  (he  plane  uf  vibration  of  the  needle. 

Multiplicator. —  The  deflection  of  the  neeille  cau»t«l  by  the  constant  current  may  Iw  increased  by 
coiling  the  conducting  wire  many  times  m  the  same  direction  on  a  rectangular  frame,  or  merely 
around  and  in  the  same  direction  i&  the  needle  [[irovided  that  each  turn  of  the  wire  be  properly 
insulated  from  the  other].  An  instrument  constructed  on  this  principle  is  called  a  multiplicator  or 
maltiptier.  'Vhx  greater  the  number  of  tumsof  the  wire,  the  greater  is  the  angle  of  deflection  of  the 
needle,  although  the  deflecttoa  is  not  directly  proportional,  as  the  sex'cral  turns  or  coils  are  not  at 
the  same  distance  from,  or  in  the  same  position  ai,  the  needle,  by  means  of  the  multiplier  we  may 
detect  the  pretence  [and  also  the  amount  and  direction]  of  fffble  furrtntt.  [The  instrument  is  now 
termed  a  galvanometer.]  Experience  has  shown  that,  when  great  resistance  (a^  in  animal  tis- 
sues] is  opposed  10  the  weak  galvanic  cunentf,  we  must  use  a  very  large  numh>er  of  turns  of  thin 
wire  round  the  needle.  If,  however,  the  icsislance  in  the  circuit  is  but  small,  r.^'.,  in  ihcrmu-electricat 
arrangements,  a  few  turns  of  a  tkieJt  wire  round  the  needle  are  sufficient.  The  multiplier  miy  be 
made  more  sensitive  by  mtaJtentng  tkemagntttt  liirtttive  force »/ tAt  nttJU,  which  keeps  it  pointing 
tu  Ibe  north. 


X 


u 


V 


Ekhcme  at  <i\i  IluiB-KeyiDMnd'*  rhcoconL 


594 


GALVANOMETER, 


\ 


Galvanometer  a^  Aa^tJC  Meedles. — In  the  nmUiplier  or  Scltwcigeer,  used  for  physiologicft] 
|>Drpoae»,  the  tendency  of  ihe  needle  to  ix)inl  to  the  north  is  greatly  weakened  by  using  the  ofcUtic 
Dcedles  of  Nobili.  [A  multiplier  or  ^Ivanometer  with  a  .single  magnetic  needle  always  requires 
comparatively  strong  currents  to  dcllecl  the  needle.  Tlie  needle  is  conlinuolly  acted  upon  by  the 
directive  magnetic  influence  of  the  corth.  which  tends  to  keep  it  in  the  magnetic  tnercdian,  and,  u 
loon  as  it  is  moved  out  of  the  magneiic  meridian,  the  directive  action  of  the  earth  tcndt  to  bring  ii 
back.  Hence,  such  a  simple  form  of  galvanometer  is  not  sufficiently  scnsiiive  for  dcleciiog  feeble 
currents.  In  1827,  Nobili  devised  Gii  astatic  combination  of  needles,  vrhcreby  the  action  of  the 
earth's  magnetism  was  diminished.]  Two  similar  magnetic  needles  are  united  hy  a.  solid  light  piece 
of  horn  [or  tortoise  ^hell],  and  are  so  arranged  that  the  north  pole  of  the  one  is  placed  over  or 
opposite  to  the  south  |x]|e  of  the  other  (Fig.  380).  [If  both  needles  arc  etpmlly  magnctixed.  then  the 
eaith's  influence  on  (he  needle  is  neuiraltxcd,  »  that  the  neetllcs  no  longer  adjust  themselves  to  the 
magnetic  meridian;  hence,  such  a  system  is  called  astatic]  As  it  is  impossible  to  make  both  needles 

of    atisolutely  e'lual    magnetic  »4renglh.  one 
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Fig.  3S0,  needle  is  always  stronger  than  the  other.    The 

dilTcrcnce,  however,  most  nul  be  so  great  ifaai 
the  stronger  needle  points  to  the  nonb,  but 
only  that  the  freely  suspended  system  of  needles 
forms  a  certain  angle  with  the  magnetic  me- 
ridiiiii,  into  which  position  the  syftem  always 
swings  after  it  is  dctlectcd  from  this  position. 
This  angular  deviation  of  the  astatic  system 
toward  the  magnetic  meridian  is  called  the 
"  free  deviation."  The  more  perfectly  an  astatic 
condition  is  reached,  the  nearer  does  the  angle 
formed  by  the  direction  of  the  free  deviation 
with  the  magnetic  meridian  become  a  right 
nngle.  The  greater,  there  fore,  Ihe  astatic  con- 
dition, the  fewer  vibrations  will  the  astatic 
system  mnkc  in  a  given  time,  after  it  hos  been 
deHectcd  from  its  position.  The  duration  of 
each  single  vd>raliou  isalso  verygreal,  [Hence, 
when  using  a  galvanometer,  and  adjusting  its 
needle  to  zero,  if  the  magnets  dance  alx>ut  or 
move  ijuickly,  then  the  system  Is  not  sensitive, 
tnit  a  seotitive  condition  of  the  needles  is  in- 
dicated by  a  j/trto  period  of  oscillation.] 

In  making  a  galvanometer,  the  (unu  of  the 
wire  must  have  the  some  direction  as  the 
needles.  In  N'obili's  galvanometer,  as  im* 
proved  by  du  liois-Reymond,  the  upper  needle 
swings  above  a  card  di\'ided  into  degrees  (Fig. 
3S0),  OQ  which  the  extent  of  its  defleaiuu  may 
1)C  read  off.  Even  the  purest  copper  wire  used 
for  ihe  colls  round  the  needles  always  contains 
a  trace  of  iron,  which  exerts  an  influence  upon 
Ihe  needles.     Hence,  a  small  Hxetl  directive 

or  compensatory  magnet  {r)  b  placed  near  one  of  the  poles  of  the  upper  needle  to  compensate  for  the 

action  of  the  iron  on  the  needles. 
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Scheme  of  the  galvHiinmctcr.  N.  N,  asialit  tieedW  sus- 
pended hj-  the  *illc  fibre,  G:  P,  P,  iion>polanuS1« 
clccirodo,  oinlairiiii);  litic  »ulphat«  Mlutlon.  4,  and  mtds 
of  Moiling  Dapcr,  i,  coveted  vriih  clay./,  t,  on  which 
the  aii»c!c,  M,  U  pUccd  ;  II  nnd  III,  nrntngentcm  of 
ihe  miiicle  on  the  electrode*.  IV,  non-|*nt*rii»hlc  elec- 
trodes :  Z,  line  wire :  K,  Cork :  it,  nnc  culphatc  «olu- 
lion :  I,  /,  clay  point*. 


3*8.  ELECTROLYSIS.POLARIZATION.BATTERIES.—Electrolyaie.— Every  gal- 
vanic current  which  traverses  a  fluid  conductor  cause*  decomjiofiition  or  electrolysis  of  the  fluid. 
The  decomposition  products,  called  "  ions,"  accumulate  at  the  poles  leleoirodes)  in  ihc  duid. 
the  positive  fx>]e  (-f-)  being  called  the  anode  [mxi,  up.  rMlor,  a  way],  (lie  negative  pole  ( — )  the 
cathode  {kotA,  down,  oHdr,  a  way).  The  anions  accumulate  at  the  anode  and  the  kations  at  the 
cathode. 

Transition  Resistance. — When  the  decomposition  products  accumulate  upon  the  electrodes,  by 
their  presence  they  either  incrra.ie  or  diminish  the  resistance  to  the  electrical  carreni.  This  i&  called 
transition  reiistantf.  If  the  resistance  within  Ihe  battery  is  (hereby  increased,  the  traosiUoo  resist- 
ance is  said  to  he  posi/ivc;  if  diminished,  w<^'a//;v. 

Galvanic  Polarization. — The  ions  accumulated  on  the  electrodes  may  also  vary  the  strength 
of  the  current,  by  developing  between  the  anions  and  kations  a  new  galvanic  current,  just  as  occurs 
between  two  different  bodies  connected  by  a  fluid  medium.  The  phenomenon  is  called  goh'aMie 
p^iaritatian.  Thus,  when  water  is  decomposed,  the  electrodes  being  of  platinum,  the  oxygen 
(negative)  accumulaiesst  the  -f  pole, and  the  hydrocen  (positive)  at  the  —  pole.  Usually  the  polari- 
ration  current  has  a  direction  oppoxUe  to  the  originaT  current ;  hence^  we  speak  of  negadvt  pciiariaa~ 
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DEmi.    Whea  the  two  cnrrenii  have  the  same  direction, /W^/nv  ^hritotioH  obtains.     iH  coune* 
tranftiliort  mistftnce  and  [polaniation  may  occur  together  during  clectrolyM^. 

Teat.  — Polaiiration,  when  present,  may  be  so  slight  as  not  to  be  vitihle  to  ihe  eye,  hut  h  may  be 
detected  thiu  :  Afier  a  time  exclude  the  primary  source  of  the  current,  especially  the  element  con- 
nected with  the  electmde5,  and  place  the  free  projectit^  end  of  the  clcarodes  in  cnanection  wtt)i  a 
galvanometer,  which  will  at  once  indicate,  by  the  deflcciian  of  its  needle,  the  presence  of  e%'cn  the 
slightest  {xtlari.-atinn. 

Secondary  Decompositions. — The  ions  excreted  durinp  cleclrolyMji  cAuse.  especially  at  their 
moment  of  furmolton,  wcundary  decomposittoos.  Wtlh  platinum  electrodes  in  a  (olution  of  common 
salt,  chlorine  accumnlatex  at  the  anode  and  Mdium  at  the  cathotle,  tut  the  latter  at  once  decomposes 
the  water,  ami  u^s  the  oxy|;en  of  the  water  to  oxidize  itself,  while  the  hydrofjcn  is  deposited  sccouila- 
rily  upon  the  cathode.  The  amount  of  poUrizaiion  increojies,  although  only  to  a  slight  extent,  with 
the  itrengih  of  the  currtnf,  while  it  is  nearly  propurliunal  to  Ihe  mtrtaf*  of  the  ttmptraiurt.  The 
alfcmptx  tu  (;ct  rid  of  {xitari7alinn,  which  obviously  must 

very  soon  alter  the  strength  of  the  galvanic  current,  have  y\c.    iSi 

led  to  Ihc  discover)'  of  two  im(K>rtaiit  arrangements,  vii., 
the  construction  of  constant  galvanic  batteries,  and 
non-polaruable  electrodes  {Jh  Hois-Keymond). 

Constant  Batteries,  Elements,  or  Cells. — A  per- 
fectly coiutant  clement  produces  a  (omtant  current,  i.  r, 
one  remaining  ofei^uxl  strength,  bv  the  ion»  produced  by  the 
electrodes  being  got  rid  of  the  motneni  they  art  formed,  so 
that  they  cannot  give  ri^e  to  polariicaiion.  For  this  purpose, 
each  of  the  substances  from  the  tension  series  used  is  placed 
in  a  ipcdal  fluid  ({  326),  both  fluids  being  separated  by  a 
pomu4  septum  {porcelain  cylinder). 

Qrove'a  cell  bos  two  metals  and  two  fluids  (Fig.  381^. 
The  tine  is  in  the  form  of  a  roll  placed  in  ditntc  sulphanc 
acid  [1  acid  to  7  of  water,  which  is  contained  in  a  glass, 
porcelain,  or  ebonite  veiael].  The  platinum  is  in  contact 
with  strong  nitric  acid  [which  is  contained  in  a  porous  cell 
placed  inside  the  roll  of  zinc].  The  O,  formed  by  the 
electrolysis  and  deposited  on  the  zinc  plate,  forms  zinc 
oxide,  which  is  at  once  dissolved  by  the  sulphuric  acid. 
The  hydrogen  on  the  platinum  unites  at  once  with  the 
nitric  acid,  which  gives  up  O  and  fonns  nitrous  acid  and 
water,  thus— 

f  fl,  +  UNO,  =  UNO,  +  H,0.] 
[Plutmum  b  the  4-  pole,  and  linc  the  —  .] 


[GroTe's  battery  u  very  powerful,  tmt  the  nitrous  fumes  l^r^e  r.(uve'<c«ll. 

are  very  disagreeable  and  irritating;  hence  these  elements 

should  be  kept  in  a  special  welbventitated  recess  in  the  laboratory,  in  an  evaporating  clumber, 
or  under  glass.     The  fumes  abo  attack  instrument*.] 

Bunsen's  cell  is  similar  to  Grove's,  only  a  piece  of  compressed  carbon  is  substituted  for  the 
platinum  in  contact  with  the  nitric  acid. 

[The  caHxin  is  the  -4-  pole,  the  zinc^the  —  .] 

[Daniell's  cell  consists  of  an  outer  vessel  of  gla-«s  or  earthenware,  and  sometimes  of  metallic 
copper,  fil]e<l  with  a  .saiuraicd  solution  of  cu|»ic  sul|}haic  (Fig.  3H3).  A  roll  of  copper,  perforated 
witb  a  few  holes,  is  placed  in  the  copper  solution,  and  in  order. that  the  latter  be  kept  iotur^led,  and 
to  supply  the  place  of  Ihc  copper  used  up  by  the  l>attery  when  in  action,  there  is  a  small  shelf  on  the 
copper  roll,  on  which  are  placed  cr)'5tals  of  cupric  sulphate.  A  porous  oanhenware  vessel  containing 
zinc  in  contact  with  dilute  sulphuric  acid  (I  :  7)  is  placed  within  the  copfier  cylinder.  When  the 
circuit  is  complfted,  Ihe  linc  is  acted  on,  ;inc  sulphate  being  formed,  and  hydrogen  lil>erated.  The 
hydrogen  in  statu  nascendi  passes  through  the  porous  ceil,  reduces  the  cupric  sulphate  lo  metallic 
copper,  which  is  precipitated  on  the  copjier  cylinder,  so  that  the  laller  is  always  kept  bright  and 
clean,  'llic  liberated  sulphuric  a£id  replaces  that  in  contact  with  the  zinc.  Owing  lo  the  absence 
of  polarization,  the  Daniell  is  one  of  the  most  constant  batteries,  and  ia  generally  taken  as  Ihe 
standard  of  comparison.] 

[The  copper  is  ibe  +  pole,  sine  the  —  .] 

[Smce's  cell  contains  only  one  fluid,  viz.,  dilute  sulphuric  acid  (i  :  7),  in  which  the  two  metals^ 
xinc  and  platinum,  or  zinc  and  platinized  silver,  are  placed. 

The  platinum  is  the  -f*  pole,  and  ziiK  the  —  .] 

[Orennei's  or  the  Bichromate  cell  consists  of  one  plate  of  tine  and  two  pistes  of  oocnpreaed 
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ctrboo  in  a  fluid,  containing  bichroatate  ofpoush,  sulphuric  add,  and  wftter.  The  Auid  com 
1  pan  of  puutsiitm  bichromaie  diuolvcd  ia  8  pans  of  water,  to  whicli  one  part  of  eolphvric  i 
added.  MeaKurc  by  Tffighf.  The  cell  coniu&ts  uf  a  wiile-inouthcd  glass  bottle  (Kljg.  3S3J 
caibons  remsiD  in  the  tluid,  ubile  tlie  zinc  can  be  raL<ied  or  depressed.  When  not  ia  ami 
unc,  which  ut  attached  to  a  rod  ^B),  i%  lifted  out  of  the  fluid.  It  ii  not  a  very  cowtant  b 
When  in  action,  the  zinc  is  acted  on  by  the  sulphuric  acid,  hydrc^en  being  liberated,  which  t^ 
the  bichtotnate  of  potash. 

The  carbon  is  the  -{-  pole,  aod  the  zinc  the  —  .] 

Fig.  382. 


-JLLUULU 


Etaakll'a  C«l). 

Fia  38J. 


/ 


I^cbncM't  c«U.  A,  oulcr  «n*«l :  T,  porou*  CYUniWr,oa«lBli 
carbon ;  B,  binding  ftctww  ,  Z,  sine ;  C,  binding  aovw  gf  M 
pole.  1 


Gfcnnct's  cc)L  A,  sIbm  vcmcI.  K,K,  car- 
bon; 7.,  (inc.  0.  E,  binding  Krcn  for 
tiK  wires  :  B.  roa  (o  nise  Ihc  xinc  from 
lh«  fluid :  C,  Krew  to  fix  D.] 

[Leclancb^'8  cell  (Fig.  384)  consists  of  an  outer  glass  vessel  containing  rinc  b  a  v^"' 
ammonium  chloride,  while  the  porous  cell  contains  compressed  carbon  in  a  fluid  miuutf  rfM 
oxide  of  manganeiie  and  carbon.  It  is  most  frequently  used  for  electric  bcUs,  kb  its  fcddi^ 
lasts  for  a  long  time. 

The  carbon  is  the  4*  polc,  and  the  linc  the  —  .] 

NonpoUrizabte  Electrodes. — If  a  constant  current  be  applied  lo  moist  afiimil  Hi^» 
oerre  or  muscle,  by  meant  of  ordinary  electrodes  composed  either  of  copper  or  plan 
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electrolysis  must  occur.  »nd  in  oonsef^aence  thereof  polarization  ukes  ploce.  In  order  to  avoid  this, 
noD-polnnuble  circtrodu  (Kifi«.  380,385)  areu^ied.  Such  electrode*  are  mode  \<y  takiim  iwoiMcces 
of  carrfully  amalipimAled.  pure,  zinc  wire  (s,  1),  and  dippinj;  ihese  in  n  BBturated  fiolution  of  zmc 
sulphate  contained  io  tubes  ((F,  a),  whoK  lower  ends  arc  closed  by  means  of  modeler's  clay  (/,  f)t 
moistened  wifh  0.6  per  cent,  normal  uilinc  solution.  The  contact  of  the  ti&suei  wiih  these  elec- 
trudes  does  not  give  rise  to  polarity,  [lite  brush  electrodes  of  v.  Flcischl  are  rery  <ierviceahle 
(Fig.  386),  The  lower  end  of  ihc  e'**^  t"^  '*  p'^KU^d  with  a  camel-hair  pencil,  moistened  with 
modeler's  clay,  otherwise  the  arrangement  15  the  same  ns  s^hown  in  Fig.  380.  IV.] 

AiTflingement  for  the  Muscle  or  Nerve  Current.^In  order  io  invrMigatc  the  electrical  cur- 
rents of  nerve  or  muscle,  the  tiMuc  must  he  placed  on  non-polarizable  electrodes,  which  mny  cither 
be  one  of  the  furms  described  above,  or  the  original  fono  used  liy  du  BoisKeymond.  (Mg.ljSo). 
The  last  consists  of  two  tine  troughs  {f,/)  thoroughly  amalgamated  inside,  insulated  on  Tulcanile« 

Fio.  3S5. 


Fio.  ^7. 


H 


Neo-potMrlnble  dcctrodeof  du  Bein-Kevnond.     Z.iinc-  H.iBovable 
■uppon  ;  <J,  clay  poiai— itM  wholr  on  «  nnlvenuil  joint. 


Fig.  386. 


llnMh  elecinxics  of  v.  FldtchU 


'lliumaiMi**  reflecting  g^>nmomeitr, 
m,  upper,  /,  lowei  mil ;  «,  /,  1c»«l> 
lof  tfcrtw* ;  M,  smcnM  00  a  tiniM 
»uppon,i. 


and  filled  with  a  saturated  solution  of  tine  sulphate  (r.i).  In  each  trough  is  placed  a  thick  pad  or 
cushion  of  white  blotting  paper  {6,  6)  saturated  with  the  same  fluid  [deriving  cushions].  [The 
cushion  consists  of  many  layers,  almost  sutficienl  Id  fill  (hr  irmiEh.  and  they  are  kejit  together  by  a 
thread.  To  prevent  the  action  of  the  tine  sulphate  upon  the  linuc.  each  cushion  is  covered  with  a 
thin  layer  of  mo<leler's  clay  {f,(),  moistened  with  o.fi  fier  cent.  Mtltnc  solution,  which  is  a  good 
conductor  [clay  guard].  The  clay  guard  prevents  the  action  of  the  solution  upon  the  tissue, 
Qmnected  with  the  electrodes  are  a  pair  of  btodiog  screws,  whereby  the  apparatus  is  connected 
with  the  Kslvanomcler  {fig.  380). 

[Reflecting  Oalvanometer. — The  fonn  of  galvanometer,  used  in  ihti  country  for  physiological 
purposes,  is  Ihal  of  Sir  William  Thum^on  I  Fig,  187).  In  Gfrmany,  Wridemnnn'i  form  i»  more 
commonly  used.  In  Tliomcon's  inUiument,  the  astatic  needles  are  very  light,  and  connected  10 
each  other  by  a  piece  of  aluminium,  snd  each  set  of  needles  is  surrounded  by  a  «eparate  coil  of  wire. 
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Iflimputil  wale  t"t  Thoauoa's  gal 
vukomeur. 


Slijiu  l_i  ._tv.m<inieler. 


the  lower  coil  (/)  winding  in  n  direction  opjiosite  to  that  of  the  upjier  (u).  A  snuU,  round,  light* 
Hiightty  concave  mirror  is  fixed  to  ihe  upper  set  of  needles.  The  needles  we  saspendrd  Inr  x 
delicite  i\\k  til-ril,  am)  iht-y  can  he  raised  or  lowered  m  rcr|uirt:d  by  mc«n&  of  a  small  milled  hewL 
When  ilie  milled  head  is>  raised,  the  system  of  needles  swings  freely.     The  coils  arc  protected  by  a 

glus  shade,  aud  the  whole  stands  on  a 
Fit;.  388.  Fu;.  389.  vulcanilc  base,  which  u  leveled  by  three 

screws  (j(f)<  On  a  brass  rod  (/)  is  a 
fcehle  mi](;nrt  (nc),  which  is  used  to  give 
an  artJtkiiQ  mcridiaa-  The  magnet  (jh) 
can  be  raised  or  lowered  by  means  of  a 
milted  htad.] 

[Lamp  and  Scale. — When  the  imnu- 
mepu  U  10  \-ni  used,  place  it  so  that  the 
coils  face  east  and  west.  At  3  feet  dis- 
tant from  the  front  of  the  galTaiKxneler, 
fncing  west,  is  placed  the  lamp  and  scale 
i  Fig.  3S8'|.  There  is  a  stiuUl  venical 
siii  in  front  of  the  lamp,  and  the  imagmf 
this  slit  isjirojected  on  the  mirror  Kltached 
10  the  upper  needles,  and  by  it  is  rrllcctcd 
on  to  the  p4per  scale  tixed  jost  nbovc  ihc 
blit.  The  sjxit  of  light  is  focused  at 
zero  by  means  of  ihe  magnet,  nv.  The 
needles  are  most  Kctutlivt*  when  the  oocil- 
latinns  occur  slowly.  The  scnsiliveneAs  of  the  needlcx  can  be  regulated  by  means  of  the  atognct. 
In  every  case  live  inMrument  mu-it  be  quite  level,  and  for  this  purpose  there  is  a  ^mall  spiriilevel  in 
the  base  of  the  galvanometer] 

[Shunt. —  As  the  gnlvonameter  in  ver)'  delicole.  it  is  convenient  to  have  a.  shunt  to  regulate  to  A  j 
certain  extent  (he  Amount  of  electricity  transmitted  ihTou<;h  ihe  galvanometer.  The  shunt  (Fig.  3R9) 
coiuiais  of  a  brass  box  conlaining  coils  of  German  silver  wire,  and  is  constructed  on  the  same  prin- 
ciple as  resistance  ciiLs  or  the  rhcocord  (3  J26).  i;)n  the  upper  surface  of  ihe  1k>x  arc  wveral  jtlatcs 
of  brass  sei)arated  from  each  other,  like  ihoic  of  the  rheocord,  but  which  can  be  uailed  by  brass 
plugs.  The  two  uires  coming  froiu  the  electrodes  are  connected  with  the  two  landing  screws,  and 
from  tbc  laittr  two  wires  are  led  tn  the  outer  two  binding  screws  of  the  galvanometer.  It^  placing 
a  plug  betwcru  the  brass  plain  attached  to  the  two  binding  screws  in  the  figure,  the  currcrU  ti  short 
circuited.  On  removing  roth  plug*,  the  whole  of  the  current  must  pa5s  through  the  galvanometer. 
\{  tntf  plug  \k  pUccd  Letween  the  central  di>U  of  briis:.  and  the  plate  marked  J  (the  other  being  left 
out),  then  ,'.  of  the  current  goes  through  the  gnlvnnometcr  and  j'g  to  the  electrodes.  If  the  plug  t* 
placed  as  shown  in  the  figure  opposite  ^>g,  then  j^^g  part  of  the  current  goes  to  the  galvanometer, 
while  ,%  are  si 
galvanometer.] 

Internal  Polarization  of  Moist  Bodies. — Nerves  and  muscular  6bres,  the  juicy  parts  of  vege- 
tables and  animals,  librin,  and  other  similar  hudicti  possessing  a  poroos  structure  Blted  with  fluid, 
exhibit  the  phenomena  of  polarization  when  subjected  to  strong  cunents — a  condition  termed  iiitt-rnal 
polarization  of  moist  bodies  by  du  Bois-Rcymoiid.  It  is  assumed  that  the  solid  jMiits  in  the  inicrior 
of  these  bodies  which  are  better  conductors,  produce  electrolysis  of  the  adjoining  fluid,  just  like 
niHaU  in  contact  with  fluid,  'llie  ions  produced  by  (he  decomposition  uf  the  internal  fluids  give 
TUr  to  differences  of  potential,  and  thus  cause  inlcmal  polarization  (J  533). 

Catapboric  Action. — If  the  two  electrodes  from  a  galvanic  battery  be  placed  In  the  two  coa- 
imnmcnis  of  a  fluid,  separated  from  each  other  by  c  porous  septum,  we  observe  that  the  fluid  panicles 
pa«  in  the  direction  of  the  galvanic  cumait,  from  the  -(-  to  the  —  pole,  so  that  afrer  some  time,  the 
fluid  in  ihe  une-half  of  the  vrssel  increases,  while  it  diminishes  in  the  other.  The  phenomena  of 
direct  transference  were  called  hy  du  Rois-Rcymond  the  ,a/a/>iflrir  actioM  0/  tht  fouifiint  chrreni. 
'I'he  introduction  of  dissolved  substances  through  the  skin  by  means  of  a  constant  current  depends 
upon  this  action  (J  290J,  and  bo  does  the  so-called  Porret's  phenoraenon  in  living  muscle  \\  393, 

External  Secondary  Resistance. — Tliii  condition  also  depends  on  cataphoric  action.  If  the 
Copper  electrodes  of  a  constant  battery  l>e  placed  in  a  vessel  filled  with  a  solution  of  cuprtc  sulphate, 
and  from  each  electrode  there  {^rojea  a  cushion  saturated  with  this  fluid,  then,  on  placu^  a  piece  of 
muscle,  canitage,  v^etable  tissue,  or  even  a  prismatic  strip  of  coagulated  albumin  acrou  these 
cushions,  we  (^isrrve  that,  very  soon  after  the  circuit  is  closed,  there  is  a  considcmble  variation  of 
the  current.  If  the  direction  of  the  current  be  reversed,  it  first  becomes  stronger,  but  aflerwant 
diminishes.  Hy  constantly  altering  the  direction  of  the  current  we  cause  (he  same  changM  in  tht 
intensity.  If  a  prismatic  strip  of  coagulated  albumin  be  used  ftir  the  exjierimenl,  we  obsc-*  ' 
simuUaneously  with  the  enfeeblement  of  the  current  in  the  neighlxirbood  of  ilic  —  voW 
loses  water  and  becomes  moreshriveledf  while  at  the  —  pole  the  albuiri> 


Ccd 


If  the  plug  be  placed  oppo^te  f^g,  only  y^^^  part  goes  through  the 
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mote  water.  If  the  direction  of  the  curreot  be  altered,  the  phenomena  are  also  changed.  The 
shriveling  and  renio%-al  or  water  in  the  albumiti  at  lUe  pojutive  j>o1e  muat  be  the  cause  of  the  reiist- 
BTictr  in  the  circuit,  which  explains  the  enrechlement  of  ihe  galvanic  current.  This  phenomenoo  it 
called  "external  sscondary  reit&tunce ''  (i/u  /ioi.i-A'^ymnni/ ). 

329.  INDUCTION— EXTRA  CURRENT— MAGNETIC  INDUCTION.— Induction 
of  the  Extra  Current. — If  a  galvanic  element  15  closed  by  mcnns  o(  a  ^hort  arc  ol  wire,  at  the 
mcinoil  ihe  L-ircuil  is  a^ain  opened  or  broken,  a  i/ighf  spark  is  olwcrved.  If,  however,  the  circiut 
is  made  or  clo?ted  by  means  of  a  very  long  wire  rolled  in  a  coil,  then  on  breaking  the  circuit  there 
is  a  iirons  spark.  If  the  wires  be  connected  with  two  electrodes,  :iO  thai  a  person  can  holdone 
ill  each  UamI,  the  cuircnl  at  the  moment  il  is  opened  mmt  pass  through  the  [lerion's  body,  then 
there  is  a  violent  shock  communicated  to  the  hand.  This  phenomenon  is  due  to  a  current  induced 
in  Ihe  lung  spiral  uf  wire  which  Faraday  call«l  the  extra  current.  It  is  causeil  thus :  When  the 
circuit  is  closed  by  me^tns  of  the  Apiral  wire,  the  galvanic  current  passing  along  it  excites  an  elec- 
tnc  cuncnt  in  the  adjoining  coils  uf  the  same  spiral.  At  the  moment  of  closing  or  making  the  or- 
cuit  in  the  spiral,  the  induced  current  u*  in  the  opposite  direction  to  the  galvanic  current  in  the 
circuit ;  hence  its  strength  it  lessened,  and  il  causes  no  shock.  At  the  moment  of  opening,  how- 
ever, the  induced  current  has  the  same  dlreaion  as  the  galvanic  stream,  and  hence  its  action  i» 
strengthened. 

Ma^^etixation  of  Iron. — I  f  a  rod  of  soft  iron  be  placed  into  the  carily  of  a  spiral  of  copper 
wire,  then  Ihe  soft  iron  remains  magnetic  as  long  as  a  galvanic  current  circulates  in  the 
ipiral.  If  one  end  of  the  iron  rod  l>e  directed  toward  the  observer,  and  the  other  away  from 
him,  and  if.  further,  the  positive  current  traverse  the  tipiral  in  the  same  direction  a.s  the  hands 
of  a  clock,  then  tlie  end  of  the  magnet  directed  toward  the  person  is  ihc  negative  pole  of  the 
niegnei.  The  power  of  the  magnet  de|>cDds  upon  the  number  of  spiral  windiugs,  and  on  the 
iliicknes.s  of  the  iron  bar.  S\  soon  as  the  current  is  opened,  the  magnetism  of  the  iron  rod  dis- 
appears. 

Induced  or  Faradtc  Current. — If  .i  vt-ry  long,  insulated  wire  be  coiletl  into  the  form  of  a  spiral 

toll,  which  VI  c  may  >:flll  the  secondary  spiral,  and  if  a  similar  spiral,  the  primary  spiral,  be  placed 

Dear  the  former,  and  ihc  ends  of  the  wire  of  the  primary  spiral  be  connected  with  the  poles  of  a  con- 

atant  battery,  every  lime  the  airrent  in  the  primary  circuit  i.s  made  (closed),  or  broken  (opened),  a 

current  tak«s  place,  or,  lu  it  b  said,  ts  induced  in  the  secondary  spiral.     If  the  primary  circuit 

6c  kepi  closcil,  and  if  the  secondary  spiral  !«  brought  nearer  to,  or  rcmovcii  further  from,  Ihc  primary 

spiral,  a  current  is  also  inducetl  in  the  secondary  spiral   [F.srniUy,  18.52).     The  current  in  the  sec- 

oodary  circuit  is  called  the  induced  or  Faradic  current.     When  the  primary  circuit  i«  dostd,  or 

when  the  two  spiral*  are  brought  nearer  to  each  other,  the  current  in  the  sccondar)-  spiral  hxs  a  direction 

t>ffositf  to  (hat  in  the  primarj*  spiral,  while  the  current  produced  by  ('/f«i«^'  the  primary  circuit,  or 

by  removing  the  spiraU  fnnher  apan,  has  the  same  direction  as  the  primary.     During  the  time  the 

primary  circuit  i«  closed,  or  when  both  spirals  remain  at  the  some  distauce  from  each  other,  there  is  no 

Crurrrnt  in  the  secondary  s]^ral. 

Difference  between  the  Opening  [break]  and  Closing  [make]  Shocks. — The  opening 
-sand  closing  shocks  in  tlic  secondary  spiral  are  distinguished  from  each  pihcr  in  the  following  respects 
^  Fig.  J<>o)  :  The  amnuTit  i>f  electricity  is  the  sumo,  during  the  uptrning,  as  during  the  closing  shock ; 
iiajt  during  the  opening  shuck  the  electricity  rapidly  reachts  its  nmxiinum  of  intensity  and  lasts  but 
^  sliurt  time,  while  duiing  the  closing  shock  it  gradually  increases,  hut  doe«  not  reach  the  high 
«-naximuro,  and  this  occurs  more  slowly.  [In  Tig.  39a.  P.  and  S^  arc  the  abscissae  of  the  primary 
^  inducing)  and  induced  currents  respectively.  The  vertical  lines  or  ordinate^  represent  the  intensity 
of  the  current,  while  the  length  of  the  ahicissa  indicates  its  duration.  Curve  1  indicates  the  course 
^3f  the  primary  currenl,  and  2,  that  in  the  secondary  spiral  (induced)  when  the  current  is  r/ni^j',  while 
^t  I  the  priman.-  current  is  suddenly  ojicned,  whcu  it  gives  rise  to  the  induced  current.  4,  in  the 
s«condar>-  spiral.]  The  cause  of  the  dilfercnce  is  the  fjllowing:  When  the  primary  circuit  is  chstd, 
'Vhcre  i.s  developed  in  it  the  extra  current,  which  is  ofipoiile  in  direction  to  thr  prininty  current. 
Hence,  it  opposes  cotwdemhlc  resisiancc  to  the  complete  development  of  the  Blrength  of  the  primary 
^mrrtsii.so  that  the  current  induced  in  die  secondary  spiral  must  also  develop  slowly.  But  when  the 
primary  spiral  is  af*ened,  the  extra  current  in  the  latter  has  the  samt  dirediun  as  the  primary  currenl 
— there  is  no  extra  resistance.  The  rapid  and  intense  action  of  the  epening  induction  shock  is  of 
£;rcat  physinlt>gical  im|NMtance. 

Break  or  Opening  Shock. — -[On  appl)ing  a  zingle  induction  shock  to  a  nerve  or  a  muscle,  the 
^tiect  is  greater  with  itie  hr^ak  or  opinins  shock.  If  the  secondary  spiral  be  separate<l  from  Ihe  pri- 
mary, so  that  the  induced  current-i  arr  not  sufhcient  to  cause  contraction  of  a  muscle  when  applied 
to  its  motor  nerve,  then,  on  gradually  apiwoxiinating  ihe  secondary  to  the  primity  spiral,  the  bnak 
or  eprninii  Ahock  will  cause  n  contraction  Iwfore  the  closing  one  does  »o.] 

Hclmboltz's  Modification. — Under  certain  circumriianccs,  it  is  desirable  to  e^alize  Ihe  make 
and  break  shocks.  Tliis  may  be  done  by  greatly  weakening  the  extra  current,  which  may  be  occom- 
plUlied  by  making  the  primary  spiral  of  nnly  a  few  coils  of  wire.  v.  llflmhnltz  accompllshci  the 
•aiDC  result  by  introductng  a  sccondar)'  circuit  into  the  primary  current.     By  this  arraDgemeDt 
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ihe  current  in  the  primary  spiral  never  completely  disappears,  bul  by  alteraately  making  and 
breaking  thin  secondary  circuit  where  the  resisUincc  U  much  less,  it  b  altcmalcly  weakened  and 
ttrengtbcned. 

[In  Fig.  391  n  wire  is  introduced  Iwrlwcen  a  and  f,  while  ttie  tending  screw, /",  is  separated  from 
the  platinum  contact,  c,  of  Neefs  hummer,  but,  M  ihc  same  linir.  the  screw,  //,  is  raivd  so  thai  it 
touches  Nccfs  hammer.  The  current  passes  from  the  batten',  K,  Ihrounh  ihc  jiillar,  a,  to/'ta  ihe 
<lirfCtion  of  the  arrow,  through  the  primary  spiral,  P,  to  the  coil  of  soft  wire,  ^,  and  back  to  the  bat- 
ter)', throi^h  A  and  ^.  But  ^  is  mt^nett/cd  theriiby,  and  when  it  is  so,  it  attracts  r  and  makes  it 
touch  Ihe  screw,  t/.  Thus  a  secondary  circuit,  or  shon  circuil,  is  formed  through  a,  &,  c^  rf,  ^,  which 
weakens  the  current  pAssing  throuigh  the  electro  magnet,^,  so  that  the  elastic  metallic  spring  Hiet 
up  again  and  the  current  through  the  primary  spiral  is  loug-circuiteii,  and  thus  the  process  is 
repeated.  In  Hg.  390  the  lines  1  and  7  indicale  the  course  of  the  current  in  the  primarj'  circuit  at 
closir^  {a),  and  i>]>ening  {e).  It  must  be  remembered  tlux  in  this  arrangement  there  is  always  a 
current  passing  through  the  primary  spiral,  P  (Fig.  391).  The  dotted  lines,  6  and  8,  above  and 
below  ^  represent  the  course  of  the  opeiang  (/i)  and  closing  shocks  {e)  in  the  secondary  fptral. 
Even  wuh  this  arrangement  the  opening  is  still  slightly  stronger  than  the  closing  abock.]  The  iwo 
shocks,  however,  may  be  completely  equalized  by  placing  a  resistance  coil  or  rheostat  in  the  short 
circuit,  which  increases  the  resistance,  and  thus  increases  the  current  through  the  primary  ^Mral  when 
the  short  circuit  ts  closed. 


Fin.  390. 
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Scheme  of  the  Induced  currenK.  P|,  ftbscUui  of 
tlie  ptimary.  tuid  Sg.  or  the  tecondarv  nir> 
rent:  A,  beginning,  aril  E,  end  of  titc  inducing 
eurrent,  1,  curve  ol  ihe  pnmary  current  weak- 
ened by  the  extra  currcni ;  3.  wlierc  ihc  pri- 
marjr  current  i«  {>pened :  >  and  4,  corre^punri- 
inscurrcQU  induced  in  the  kccondarr  xpiral; 
Pf.  Iieighl.  f,  r.,thc  »lrviiglh  of  itie  cnn^tant 
Inducing  current:  5  and  7,  lh«  curve  of  the  In- 
ducing current  when  it  U  opened  and  ckitcd 
during  Hclmholti'«  modlficjitiun:  6  and  8.  ihe 
corresponding  current*  induced  in  tlte  kccond- 
ary  circuit. 


Fic,  391. 
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Hclinhulii's  modification  of  NecTi  hammer. 
A%  long  as  (  11  not  In  cooiact  with  d.g  h 
remaini  miKnetic ;  thu«  r  is  aliraeted  to  4 
and  a  MCoadar)-  c>rt:ail,  «,  i,  (,d,t.  \> 
fermcd ;  c  then  apHivi  b«ck  again,  and 
thut  the  proccAt  go««  on.  A  new  wire  U 
introduced  lo  connoct  «  with^  K,  tut- 
lerjr. 


Unipolar  Induction. — When  there  is  a  very  rapid  corrent  in  the  primary  spiral,  not  only  Is  there 
a  current  induced  in  the  secondary  spiral,  when  its  free  ends  are  closcd,r.|'.,  by  being  coimected  with 
an  animal  ti.ssue.  but  there  is  aLso  a  current  when  ont  wire  is  attached  to  a  binding  screw  connected 
with  one  end  of  the  wire  of  the  secoTulary  spiral  (p.  587 }.  A  muscle  of  a  frog's  leg,  when  oonnectetl 
with  this  wire,  contracts,  and  this  is  called  a  unipolar  iniittced  nmirafticn.  It  usually  occurs  when 
the  primary  circuit  is  opened.  The  occurrence  of  these  contraction';  is  favored  when  the  other  end 
of  the  spiral  is  placed  in  connection  with  the  ground,  and  when  the  frog's  mitsclc  preparation  is  not 
complcli'ly  inhulolcf]. 

Magneto  Induction. — If  n  magnet  l>e  brought  near  to,  or  thrust  into  the  interior  of,  a  coil  of 
wire,  it  excites  a  cturent,  and  also  when  a  piece  of  soft  iron  is  suddenly  remlered  magnetic  or  sud- 
denly demagnetized.  The  direaion  of  the  current  so  induced  in  the  spiral  is  exactly  the  same  as 
that  with  Karndic  electricity.  1'.  /.,  the  occurrence  of  Ihe  magni'tism,  on  approximating  the  spiral  to  a 
magnet,  excite*  nn  induced  current  in  a  direction  opposite  lo  that  supposed  to  circulate  in  the  mag- 
net. Conversely,  the  demagnetiiation,  or  the  removal  of  the  spiral  from  llie  magnet,  causes  a  cur- 
rent in  the  same  direction. 

Acoustic  Tetanus. — If  a  magnet  be  rapidly  moved  to  and  fro  near  a  spiral,  which  can  easily  he 
done  by  tixiog  a  vibratory  magnetic  lod  at  one  end  and  allowing  the  other  end  to  swing  freely  nc«r 
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the  fiiiral,  then  the  pitch  of  the  note  of  the  vibrating  rod  gives  us  the  rapidity  of  the  induciion 
shocks.  If  a  frog*!  nerve-muscle  preparation  Ix  stimalated,  we  get  what  Groasmann  called  "  acoustic 
lefanov" 

330.  DU  BOIS-REYMOND'S  INDUCTORIUM— MAGNETO-INDUCTION  AP- 
PARATUS.— The  inducloriumof  du  Bois-Reymond,  which  is  used  for  physiolo^^ical  purpases, 
U  a  modification  of  the  magnclo-clcctromojor  appnralus  of  Wagner  and  Ncef,  A  .scheme  of  the 
apparatiu  is  given  in  Hg.  392.  D  rcfvcseuts  the  galvanic  Ijatlcry.  The  wire  from  the  positive  pole. 
tf,  passes  to  a  metallic  column,  i>,  which  ha»  a  horizontat  vibrating  spring,  F,  attachcil  to  its  upper 
end.  To  the  outer  end  of  the  spring  a  square  piece  of  iron,  ^.  is  attached.  The  middle  point  of 
the  upper  surface  of  the  spring  [covered  with  a  little  piece  of  |>latinum]  is  in  contact  M-ith  a  movable 
screw,  *.  A  moderately  thick  copper  wire,  r,  posses  from  the  screw,  fi,  to  the  primary  spiral  or 
colli  X,  X,  wliich  contains  in  it»  interior  a  ouuibcr  of  pieces  of  soft  iron  wire,  /,  i,  covered  with  an 
insulating  vamtsh.  The  copper  wire  which  surrounds  the  primary  spiral  is  covered  with  silk.  'ITie 
wire,  </,  is  continued  from  the  primary  spiral  to  a  haneshoe  piece  of  soft  iron,  M,  around  which  it  is 
coiled  spirally,  and  from  thence  it  proceeds,  at/,  back  to  the  negative  pole  of  the  liaiiery,  g.  When 
(he  cmTcnt  in  this  circuit — called  the  primary  circuit — is  closed,  the  following  effects  arc  produced  : 
The  horseshoe,  H,  becomes  magnetic,  in  conse<iueuce  of  which  it  attracts  the  movable  spring  or 
Neei's  hammer,  ^,  whereby  the  contact  of  the  spring,  K,  with  tbe  screw,  by  is  broken.  'Hius  the 
CurrCDt  is  broken,  the  honcshoe  is  demagnetized,  the  spring,  /,  is  liberated,  and,  being  elastic,  it 
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1,  Sdteaic  of  dn  Boit-KcYmond'^  tlnli^c  iruluclion  mnchtne.  D,  galvanic  b;itiery  .  d,  wlf«  [rDio  +  pole.(^)  —  ^le  : 
S,  bnut  uprt^hl ;  F,  cUttic  *tiring  ;  A,  liinding  »cr«w  ;  <".  win:  round  primary  tpirO  (x,^),  CDnUiDlnc  (f.  i }  loft 
Iran  wire,  K,  K,  secondary  %pfrjl,  with  lioard  (/, /)on  wtiitti  11  cnn  lie  movent;  H,  ton  imn  magncilieo  l>y 
cmreat  r^./^)  fuulaa  round  \u  ll.Vey  for  tecontury  circuit,  lu  thown  It  U  »boit-cin:ultcd.  Ill,  electrodca 
(r,  r),  «ritii  a  key  (K)  for  breaking  the  circiui. 


springs  upward  again  to  its  original  position  in  contact  with  ^,  and  thus  the  current  is  reestablished. 
The  new  contact  causes  H  tol>c  lemagnt-lizcd,  so  that  it  most  alternately  rapidly  attract  and  liberate 
the  spring,  <•,  whereby  the  primar>'  current  is  rapidly  made  and  broken  between  F  and  b. 

A  secontiary  spiral  or  coil  (K,  K]  Is  placed  in  tlie  same  direction  as  the  primary  (x,  x\,  but 
having  no  connection  with  it.  It  moves  in  grooves  upon  a  long  piece  of  wood  [  p,  p\.  The  second- 
ary spiral  consists  of  a  hollow  cylinder  of  wood  covered  with  numerous  coils  of  thin,  sitk-covcred 
wire.  The  «condttry  spiral,  moving  in  >ilots,  can  he  approximated  to  or  even  pushed  entirely  over 
the  primary  «<piral,  or  can  be  removed  from  it  to  any  distance  desired. 

[Fig.  j;93  ahuwK  the  actual  arrangement  of  du  Bois-Rcymond's  inductorium.  1~hc  primary 
coil  (R^^  consists  of  about  150  coils  of  thick  insulated  copper  wire,  the  wire  l>eing  thick  to  offer 
slight  resixtence  to  the  galvanic  current.  The  secondary  coil  {  W\  constiits  of  6cxx>  tunis  uf  thin 
JTuulated  copper  w  ire  arranged  on  a  wooden  liobhin ;  the  whole  spiral  can  be  moved  along  the  board 
(B)  to  which  a  millimetre  scale  (!)  is  attached,  so  that  the  dislnncc  of  the  sccondarj- from  the 
primary  spiral  may  be  ascertained.  At  the  left  of  the  apparatus  is  Wagner's  hammer,  as  adapted 
by  Neef,  which  is  just  an  automatic  arrangement  for  opening  and  breaking  the  primary  circuit.  \Mien 
Ncers  hammer  i«  used,  the  wires  from  the  buttery  arc  connected  as  in  the  figure  ;  but  when  single 
shocks  are  required,  the  wires  from  the  battery  are  connected  with  a  key,  and  this  again  with  the 
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two  termiukls  of  the  primarr  spiml,  S^'  end  S"'.  In  the  improved  form  of  this  appanUnt  (Fif[. 
394)  the  secondary  spiral  is  equi]X)ised  over  n  pulley  with  a  back  weight,  so  that  it  can  move  cuily  in 
a  venical  direction  to  and  (rora  the  primary'  spiral.  A.  de  Waltcville  hu  used  a  form  ftmilnr  to  this 
for  n  long  time  ] 

According  to  the  law  of  inductioD  ({  329)*  when  the  primary  circuit  is  closed,  a  cuirml  is  induced 
in  the  Micnndarj'  circuit  in  a  direciioa  llic  ra>erseo\  thai  in  the  primary,  while,  when  it  is  opened, 
the  indaced  current  has  the  same  direction.  Further,  accordingto  the  laws  of  tna|p>eto  induction,  the 
inagnetizalton  of  the  iron  rods  (/,  1' )  within  the  itrimary  spiral  (j-,  j),  caaies  a  ret'erte  cunrot  in  the 
secondary  spiral  (K,  K),  while  the  dcmagnctizaiioo  of  the  iron  rods,  on  opening  tbeinimary  circuit 
causes  an  induced  current  in  the  mme  direction.  l*hus.  we  ex- 
plain the  much  more  powerful  action  uf  the  o]>ening  ur  break  ''"''  394- 
sh<^ck  as  compared  with  the  closing  or  make  shf>ck  (p.  531). 
[The  direction  of  the  i»</uiiug  current  remains  the  satn^,  while 
tlie  induced  currents  are  constantly  reversed.] 

The  magneto-induction  (Ki  appantus  of  nxii,  as  improved 
by  StOhrcr.  consist.''  i>f  a  very  powerful  horse-^hoe  steel  mag- 
net (Fig-  3951-  Opposite  its  two  poles  (N  and  S)  is  n  hi>rsc- 
shoe-shaped  piece  ol  iron  {II),  which  rotates  on  a  horizontal  axi» 
(tf,  b\.  On  Ine  etids  of  the  horseshoe  are  fixed  wooden  L>obbtns 
(r,(/),  with  an  insulated  wire  coiled  round  them.     Wlien  the 
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Inductton  amtar^tu^  of  du  lLi;it-Kcyinuii(l  R',  primary.  R",  <c<L..>tiiJ<ti>' 
*I>in»]  ;  B,  iHurJ  on  vrtitcti  R"  move*  ;  I.  »cilc;  -r  — ,  wire* from  bai- 
lery .  P*.  P",  )rfll«n;  H.  NctT*  tutniner ;  B',  cleccro-niKgnei ;  S', 
binding  screw  louchiug  the  *lecl  iprtng  (Hi;  S"  and  S^  ,  hindinE 
tcrewk  10  which  10  atuch  wires  where  NccTs  lunimcr  it  not  reqiiimr 


Kew  torn  ofdu  boM-Kejrwand'*  indHC- 

toriiim. 


hortetboe  is  at  rest,  as  in  the  figure,  it  becomes  magnetized  by  the  steel  magnet,  while  in  the  wire* 
of  both  bobtnns  {e  and  d\  an  electric  current  is  developed  every  tine  the  hor^shor  is  demagoctued. 
and  again  magndizcd.  \Mien  the  bobbins  rotate  in  front  of  the  magnet,  as  each  coil  approaches  one 
pole,  a  current  h  induced,  aud  similarly  when  it  is  carried  paa  the  |)oIe  of  the  magnet,  so  that  (osr 
currents  ore  induced  in  each  coil  by  a  single  rotation.  By  means  of  St6hrers  conuBUtalor (■,  ■> 
attached  to  the  spindle  (•?,  h\,  and  the  divided  metal  pUtes  (y.  i\  which  pas>  to  the  clecirodci«  ibe 
two  currents  induced  in  the  Kibliins  are  obtained  in  the  ^ame  direction, 

Keya.  or  arran;^ments  for  opening  or  closing  a  circuit,  are  of  great  use.  Fig.  392,  II,  shon  • 
scheme  of  the  ft-iction  key  of  du  Buiii-Kcymond,  iuirodnced  into  the  secondary  circoii.  It  consots 
of  two  brass  baus  ( x  and  ^ )  fixed  to  a  plate  of  ebonite,  and  as  long  as  tbe  key  is  down  on  the  neul 
bridge  ( jr,  r,  i"|  it  is  "  sAori.cimtiteti,"  1.  /-,  the  conduction  is  so  good  throi^h  the  thick  bnjs  b«n 
thai  none  of  the  current  goes  titrough  the  wires  leading  from  the  left  of  the  key.  When  the  bridge 
(r)  is  lifted  the  current  is  open.  [Fig.  396  shows  the  form  of  the  key,  v  beii^  a  screw  wbereirith 
to  clomp  it  to  the  table.]  Similarly  the  key  electrodes  ( llh  may  be  us«ii.  the  current  beiug  made  as 
soon  as  the  spring  connecting  plole  (/)  is  raised  by  pressing  upon  >.  This  instrumeai  is  opened  hf 
tlie  hand  :  n.  ^  are  the  wires  from  the  hatlcry  or  induction  machine ;  r,  r,  those  goir^  to  the  tisMie; 
G,  the  liarullc  of  the  instrument. 

[Plug  Key.— Other  forms  of  keys  are  in  use,  e.g.,  Ktg.  397,  ihe  plug  key,  tbe  two  brass  plates 
10  which  the  wire*  are  atuched  being  6ted  on  a  plate  of  ebonite.  The  bnss  plug  is  used  to  oooaecK 
the  two  brass  pbtes.  All  the^e  are  Jry  coaUcts,  but  sometimes  a  MttiJ  contact  is  used  as  in  the 
mercury  key.  which  merely  consists  of  m  block  of  wood  with  a  cap  of  mercury  to  ktii  centre.    The 


MaETwte-inducUon  •ptMnttns.  wEth  Siohrcr'f  comniuuior. 

[alcohol  wid  water  ( IV.  Stir/iji/).  A  handy  form  of  *'  capillary  comact"  U  shown  in  Fig.  398,  such 
as  w»%  uaed  by  Kronecker  and  Stirling  in  their  experiments  on  the  heart.  '*  A  glass  T  iul>e  is  pro- 
vided at  the  crotting  |>oint  with  o  imall  opening  (a).  'Vhe  vertical  tube  (^)  is  bent  in  the  form  of  a 
U,  ami  filled  so  full  with  mercury  that  the  convex  lurface  of  the  latter  projects  within  the  Innicn  of 

Fia.  397. 


plus  KfT) 


Capillary  contacL    #,  vibrating  plAtlDiim  «lyle  adjintable  by/aui 

f'wnddippinsrnlon-ercury  »tit;  t,  l>«nt  tub*  filled  wlib  mercury, 
nto  winch  dips  a  wire  {a) :  «.  opening  In  cros^  lube  (c). 


I  the  iraosvcTAe  lube  U).  One  end  of  r  ia  connected  with  a  MnriotCe'a  flask  containing  diluted  alcohol. 
and  the  supply  of  tne  latter  can  be  regulated  by  means  of  a  slop-cock.  The  fluid  flows  over  the 
apr»  of  the  mercury  and  kci-*ps  it  clean.  The  vibrating  platinum  style  [t)  is  attached  to  the  end  of 
a  rod  which  in  turn  is  connected  with  tlie  positive  [x>le  of  the  battery,  while  the  platinum  wire  {d) 

I  is  connected  with  the  nt^tive  pole  of  the  "  battery."] 
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[33>-  ELECTRICAL  CURRENTg  in  PASSIVE  MUSCLE  and  NERVE— SKIN 
CURRENTS. — Methods. —  In  order  to  investigate  the  Uws  of  the  muncle  currenE,  we  must  lue  ■ 
mu^ck'  cnrnpfised  of  paraUi-l  fihres,  and  with  a  simple arrangemt-nt  of  its  fibres  in  ihc  f  mn  of  a  prism 
or  cylinder  (Imr.  339,  I  and  II)-  The  sartorius  muacle  of  the  frog  supplies  these  conditions.  In 
such  a  muscle,  xve  cli<iti^uish  the  surface  or  the  natural  longitudja*!  section.  ii»  tendinous 
ends  or  the  natuuLtraus verse  section;  further,  when  ihe  Litter  is  divided  traniiventely  10  the 
long  axis,  the  art] Ret aljt ran s verse  section  (Kig.  399,  I,  c,  J,\  lastly,  the  term  equator  (a,  *-«,  n) 
is  applied  to  a  Hoc  so  *irawn  as  cx.iclly  to  divide  the  length  of  the  muscle  into  halves.  As  the  cur- 
rents are  very  feehle,  it  is  necessary  to  use  a  galvanometer  with  a  periodic  damped  magnet  (Fig*.  380^ 
I.  and  3ti7),  or  a  tangent  mirror  boussole  similar  In  thai  used  for  thcnno-electnc  purjxises  <  Fig.  230). 
The  wires  leading  frum  the  tiwiie  arc  connected  with  non-polariTable  electrodes  (Fig.  380,  I',  P). 

Tlie  capillary  electrometer  of  1  jppmoiin  may  be  u^cd  for  detcctiug  the  current  |  Fig.  400).  A 
thread  of  mercurj'  enclosed  in  n  capillary  tul>e  and  touching  a  conducting  tlutd,/.  ^..dilute  mlphnric 
add,  is  displaced  by  the  conMaiit  current,  in  consefpence  of  t!ie  pularitation  taking  place  al  the  point 
of  contact  altering  the  conittancy  of  the  capillarity  of  the  mercur\-.  The  diNplaccmenI  of  the  mer- 
cury which  the  ol«crvcr  (B)  detects  by  the  aid  of  the  microscope  (>U  '» in  Uie  direction  of  the 
positive  current.     K  is  a  capillary  glass  tube,  filled  from  above  with  mercury,  and  from  below  witli 
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Scheme  of  the  miuclc  currmi. 


Capllbry  clcctromeUT.  R . 
mercury  in  lube :  capillary 
tube ;  J,  lulphuric  acid  : 
f,  H(:  B.  obftenrer:  M, 
microKopc. 


dilute  Hulphuric  acid.     Its  lower  narrow  end  npeos  into  a  wide  glass  tube,  provided  below  with 
platinum  wire  fused  into  it  and  filled  with  Hg  {fj^,  and   this  igwn   is  covered  with   dilute  nilphuv 
acid  (i).     Tlie  wires  are  connected  with  nnn-polanzable  electrodes  applied  lothe  H-  and  —  turfacn 
the  muscle.     C>n  closing  the  circuit,  the  thread  of  mercury  passes  downward  &x)m  e  in  the  directl- 
of  Ihc  arrow, 

Compensation.— The  streng^th  of  the  current  in  animal  tissues  is  best  measurei!  by  the  co 
pcnsaiion  method  of  Poggendorf  and  du   Rois-Reymgnd.     A  current  of  known  strength,  or  wh"^^ 
can  be  accurately  graduated,  l!i  passed   in  :in  opposite  direction  through  the  same  galvanometer 
boussole,  until  the  current  from  the  animal  tissue  is  ju-^  neatraliied  or  conipensaled.     [When  — 
oocun,  the  needle  ileflected  by  the  tis-wc  current  rctiirn!s  tn  xero.     The  principle  is  exactly  the 
as  that  of  weighing  a  body  in  terms  of  some  sundard  weights  placed  in  the  opposite  scale 
the  balance.] 

[Hermann  calls  the  current  obtained  from  an  injured  muscle,  /.  £.,  one  on  w~  ~ 
an  artificial  transverse  or  other  section  has  been  made,  a  demarcation  cur^-> 
while  the  currents  obtained  when  such  a  muscle  contracts^  he  calb  actioz^ 
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rents.     This  section  deals  with  demarcation  currents,  or  the  muscle  current  of 
du  Bois-Reymond.] 

1 .  Perfectly  fresh  uninjured  jnusclcs  yield  no  current,  and  the  same  is  true 
of  4$ad  muscle  (Z.  /fermann,  1867). 

2.  Strong  electrical  currents  are  observed  when  ihe  transverse  section  of  a  muscle 
is  placed  on  one  of  the  cushions  of  the  non-polarizable  electrodes  (Fig.  380, 1,  M), 
while  the  surface  is  in  connection  with  the  other  {Nodili,  Matteucct\  du  Bois- 
Heymond).  The  direction  of  the  current  is  from  the  (positive^  longitudinal 
section  to  the  (negative)  transverse  section  in  the  conducting  wires  (/.  c. ,  within 
the  muscle  itself  from  the  transverse  to  the  longitudinal  section  (Figs.  3S0,  I,  and 
399.  I).  This  current  is  stronger  the  nearer  one  electrode  is  to  the  equator,  and 
the  other  to  the  centre  of  the  transverse  section  ;  while  the  strength  diminishes, 
the  nearer  the  one  electrode  is  to  the  end  of  the  surface,  and  the  other  to  the 
margin  of  the  transverse  section. 

Smooth  miiscles  also  yield  similar  currenUi  between  their  transverse  and  loogitudinal  surEaces 
C«  354.  H). 

3.  Weak  electrical  currents  are  obtained  when  {a)  two  points  at  unequal  dis- 
tances from  the  equator  are  connected  ;  the  current  then  passes  from  the  point 
nearer  the  equator  (  -f-  )  to  the  point  lying  further  from  it  (  —  ),  but  of  course 
this  direction  is  reversed  within  the  muscle  itself  (Kig.  399,  II,  "ke  and  h),  {b) 
Similarly  weak  currents  are  obtained  by  connecting  points  of  the  transverse  sec- 
lion  at  unequal  distances  from  the  centre,  in  which  case  the  curreiU  outside  The 
muscle  passes  from  the  point  lying  nearer  the  edge  of  the  muscle  to  thai  nearer 
the  centre  of  the  transverse  section  (Fig.  399,  II,  /,  r). 

4.  When  two  points  on  the  surface  are  equidistant  from  the  e<|uator  (Fig. 
399,  I,  jr,  >»,  f,  a, — n,  r,  e\  or  two  equidistant  from  the  centre  of  the  transverse 
section  (II,  e)  are  connected,  no  current  is  obtained.  [Because  the  points  are 
iso-elcctrical,  that  is  of  equal  potentiality.] 

5.  If  the  transverse  section  of  the  muscle  be  oblique  (Fig.  399,  III),  so  that 
the  muscle  forms  a  rhomb,  the  conditions  obtaining  under  III  are  disturbed. 
The  f>oint  lying  nearer  to  the  obtuse  angle  of  the  transverse  section  or  surface  is 
positive  to  the  one  lying  near  to  the  acute  angle.  The  equator  is  oblique  (o,  f). 
These  currents  are  called  "  deviation  currents  or  inclination  currents  '*  by  du  Bois- 
Reymond,  and  their  course  is  indicated  by  the  lines  i,  2,  and  3. 

The  electromotive  force  of  a  atroo^  muscle  current  (frog)  is  e<}iial  to  0.05  to  0.08  of  a 
I>anic)rs  element;  while  the  strongest  deviation  current  maybe  o.I  Danidl.  'Ilie  musLTanf  a 
curnrized  animal  at  first  yield  stronger  currenis;  /i/i'^-w^  of  the  muscle  diminishes  the  strength  of  the 
current  {Rot^r),  while  it  is  completely  abolished  when  the  muscle  dies.  Heating  a  muscle  increa»:& 
the  current:  Imt  ahove  40*^  C.  it  \s  diminislied  [^Sifinrr).  Cooiiug  diminishes  the  electromotive 
force.  The  warmed  tiving  muscular  and  nervous  substance  is  positive  to  the  cooler  portions  {//tr' 
mattn) ;  while,  if  the  lieait  U^mcs  be  healed,  they  beliave  practically  as  indilEcrent  bodies  as  regards 
the  ttssaes  that  are  not  heated. 

6.  The  passive  nerve  behaves  like  muscle,  as  far  as  2,  3,  and  4  are  concerned. 

The  electromotive  force  of  the  strongest  nerve  current,  according  to  du  Boiit-Reymond,  is 
0.02  of  a  Daniel).  Heating  a  nerve  from  15"  to  25*  C.  increases  the  nerve  ctirrcnl,  while  high  tem- 
peratures diniinish  it  [Suimr) 

7.  If  the  two  iransver^ly  divided  ends  of  an  excised  nerve,  or  two  points  on 
the  surface  equidistant  from  the  equator,  be  tested,  a  current — the  axial  current 
— flows  in  the  nerve  fibre  in  the  opposite  direction  to  the  direction  of  the  normal 
impulse  in  the  nerve;  so  that  in  centrifugal  nerves  it  flows  in  a  centripetal  direc- 
tion, and  in  centripetal  nerves  in  a  centrifugal  direction  (^Mendelssohn  and 
Christiani). 

The  clecirmnolive  force  increases  with  the  length  of  tiie  nerve  ajid  with  the  area  of  lu  transvetse 
section.  Fatigue  {(.  s-y  tetanic  stimulntion)  weiUiens  it,  especially  in  motor  nerves,  and  to  a  Ie» 
extent  in  ccnlripcial  uervoL 


■     extent  in  ccniri 
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Fig.  401. 
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k      rNerve-n^ffKlfi  Preparation. — This  term  has  been  used  on  several  occasions. 

It  is  simply  the  sciatic  nerve  with  the  gastrocnemius  of  the  frog  attached  to  it 
(Fig.  401).  The  sciatic  nerve  is  dissected  out  entire  from  the 
vertebral  column  to  the  knee  ;  the  muscles  of  the  thigh  sepa- 
rated from  the  femur,  and  the  latter  divided  about  its  middle, 
so  that  the  preparation  can  be  fixed  in  a  clamp  by  the  remain- 
ing portion  of  the  femur;  while  the  tendon  of  the  gastrocne- 
mius is  divided  near  to  the  foot.  If  a  straw  flag  is  to  be 
attached  to  the  foot,  do  not  divide  the  tcndo-Achilles.J 

Rheoscopic  Limb. — The  existence  of  a  muscle  current 
may  be  proved  without  the  aid  of  a  galvanometer  :  1. 
By  means  of  a  sensitive  nerve-muscle  preparation  of  a  frog,  or 
the  so-r^Iled  *' physiotogkal  rheoscope.'^  Place  a  moist  con- 
ductor on  the  transverse  and  another  on  the  longitudinal  sur- 
face of  the  gastrocnemius  of  a  frog.  On  placing  the  sciatic 
nerve  of  a.  nerve-muscle  preparation  of  a  frog  on  these  con- 
ductors, so  as  to  bridge  over  or  connect  their  two  surfaces, 
contraction  of  the  muscle  connected  with  the  nerve  occurs  at 

Nerve-muicle preparation  oncc  ;  and  the  same  occurs  when  the  nerve  is  removed. 

S  "wSifc  i!^i^"V       Maice  a  transverse  section  of  the  gastrocnemius  muscle  of  a 

irado-Achiiie*.  '     '  frog's  uervc-muscle  preparation,  and  allow  the  sciatic  nerve  to 

fall  upon  this  transverse  section  ;  the  limb  will  contract  as  the 

muscle  current  from  the  longitudinal  to  tlie  transverse  surface  now  traverses  the 

nerve  {Galvani,  A/,  v.  Humhohit).      Ilicse  experiments  have  long  been  known  as 

"  contraction  without  metals." 

[I'se  a  nerve-niuM:Ie  jireparation,  or,  as  it  is  called,  a  [ihysiological  Umb.  Hold  the  nrcpar&tion  by 
the  femur,  nnd  allow  its  own  nen-?  to  Tall  upon  the  giMrocncmius,  and  ihc  inuscic  will  contract,  but 
il  ta  better  to  allow  the  nerve  to  f.itl  suddenly  upon  the  cross  section  or  tlie  niubclc.  The  ncnc  iben 
completes  the  circuit  Iwtwcen  Ihe  longiluilinal  and  trnnsvrr&e  section  of  tlie  muscle,  so  that  it  is 
stimulated  by  the  ciurenl  from  the  latter,  the  nerve  i*  stimulated,  and  through  it  the  muscle.  ThM 
)t  is  so,  Is  proved  by  tying  a  thread  round  ibe  nerve  near  the  muscle,  when  the  laucr  no  longer 
contracts.] 

2.  Self-Stimulation  of  the  Muscle. — We  may  use  the  musck  current  o^  an 
isolated  muscle  to  stimulate  the  latter  directly  and  cause  it  to  contract.  If  the 
transverse  and  longitudinal  surfaces  of  a  curarized  frog's  nerve-muscle  preparation 
be  placed  on  non-polarizable  electrodes,  and  the  circuit  be  closed  by  dipping  the 
wires  coming  from  the  electrodes  in  mercury,  then  the  muscle  contracts.  Simi- 
larly a  nerve  may  Ix*  stimulated  with 
Fio.  403.  its  own    demarcation    current    {du 

Bois- Raymond  and  others).  If  the 
lower  end  of  a  muscle  with  its  trans- 
verse section  be  dipped  into  normal 
saline  solution  (0.6  per  cent.  NaCI), 
which  is  quite  an  indifferent  fluid,  this 
fluid  forms  an  accessory  circuit  between 
the  transverse  and  adjoining  longitudi- 
nal surface  of  the  muscle,  so  that  the 
muscle  contracts.  Other  indifferent 
fluids  used  in  the  same  way  produce  a 
similar  result. 

[Kiihne's  Experiment  (Fig.  402). 

— The     demarcation    current    of    the 

nerve  of  a  nerve-muscle  preparation  may  be  used  as  the  stimulus  to  that  nerve 

on   completing   the   circuit.      On   an    earthenware   bowl   (B)   is    fixed  a   glass 

plate  (G),  and  thin  rolls  of  modeler's  clay  (P  K)  are  bent  over  G.     A  nerve* 


\\\^ 


KQhqc's  nerve  demarcfttioo-current  experiment. 
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muscle  preparation  is  placed  with  its  nerve  (N)  on  the  clay,  touching  the  latter 
with  its  transverse  and  longitudinal  surfaces.  On  dipping  the  clay  into  a  vessel 
containing  normal  saline  (C),  the  muscle  contracts,  and  on  withdrawing  the 
normal  saline,  it  again  contracts.  In  this  case  the  nerve  is  stimulated  by  the 
completion  of  the  circuit  ot   its  own  demarcation  current.] 

3.  Electrolysis. — If  the  mus<:le  current  be  conducted  through  s/anA  mixr<i 
taith  potassic  ioiitdc,  then  the  iodine  is  deposited  at  the  -f  pole,  where  it  makes  the 
starch  blue. 

Frog  Current. —  It  is  (uscrted  thai  the  todil  current  in  the  Ixxly  is  the  &um  of  the  electrical  cor- 
rents  of  tlie  sevmtl  mu-scles  and  ner\-e«  which,  in  a  ftog  deprived  of  ilsskin,  pa&s  from  the  tip  of  the 
toes  toWATtl  the  trunk,  and   in    the  Inink  from  Ihc  anus  lo  Uic  bead.     This  is  the  "  lOTrentt proptHa 

■    tttlia  rana"  of  Lcopoldo  Nohili  (1827).  or  the  "frog  eurrtut*^  KiK  ^Vt  BoisReymond.     In  mam- 
nEials,  ihe  corresjionduit;  current  passes  in  ibe  opposite  direction. 

After  death,  the  currents  disapjwar  aooner  than  the  cxcitalwlity  (  VaUniin) ;  they  remain  longer 
in  the  miucic  than  the  nerves,  and  in  the  latter  they  disai>[Hfnr  sojner  in  ihe  central  ponions.  If  the 
nerve  current  after  a  time  become  feeble,  it  may  be  .strcn^thcncit  by  making  a  new  iransvfr&c  section 
of  the  nerve.  A  motor  nerve  completely  [«rslyzed  by  curara  giv«  a  cnrrcnl  \FMnkf\,  and  so  docs 
»  nerve  lie^inning  l«  undergo  degent-mtion,  even  two  weeks  aficr  it  has  lost  iu  excitalntity.  Muscles 
in  a  state  of  rigor  mortis  give  currents  in  the  opposite  diroction,  owing  to  mentalities,  which  take 
place  during  dec om{>o Million.     The  ntrve  current  is  reversed  by  the  act  on  of  boiling  water  or  drying. 

B  Currents  from  Skin  and  Mucous  Membranes. — In  the  skin  of  the  frog 
ihe  outer  surface  is  +,  the  inner  is  ^  {du  Bois-Jieymona)^  and  the  same  is  true  of 
the  roucotis  membrane  of  the  intestinal  tract  {Rosgntkal),  the  cornea  (Grtinhagen), 
as  well  as  the  non-gUmdular  skin  of  fishes  {Hennann),  and  mollusks  {OehUr), 
Currents  arc  also  manifested  by  glands. 

•  332.  CURRENTS  OF  STIMULATED  MUSCLE  AND  NERVE 
— ACTION  CURRENTS.— I.  Negatjye  Variation  of  the  Muscle  gur- 
rent. — If  a  muscle,  which  yields  a  strong  electrical  current,  be  thrown  into  a 
slate  of  tetanic  contraction  by  stimulating  its  motor  ner\e,  then,  when  the  muscle 
contracts,  there  is  a  diminution  of  the  muscle  current,  and  occasionally  the 
needle  of  the  galvanometer  may  swing  almost  to  zero.  This  is  the  **  negative 
variation  of  the  muscle  current"  {du Bois-Jifymond),  It  is  larger,  the  greater 
the  primary  deflection  of  the  galvanometer  needle  and  the  more  energetic  the 
contraction. 

After  tetanus,  the  muscle  current  is  weaker  thnn  it  was  before.  If  the  muscle  was  so  placed  upon 
Ibe  electrodes  that  the  current  wax  "  feeble."  ei|uaUy  during  tetanus  there  is  a  diminution  of  thi&  cur- 
rent. In  the  inactive  nrrangemcnt,  the  contraction  of  the  muscle  has  no  effect  on  the  needle.  If  the 
mtiM:lc  be  prevented  from  stioricning,  as  Ify  kcepni^  it  tense,  the  negative  variation  still  takes  place. 

2.  Current  during  Tetanus. — An  excised  frog's  muscle  tdanized  through  its 
nerve  shows  electromotive  force — the  so-called  **  action  current."     1%  a  tetan- 

■  izcd  frog's  gastrocnemius,  there  is  a  (/c'^-t-^m/m^  current.  In  completely  uninjured 
human  muscles,  however,  thrown  into  tetanus  by  acting  on  their  nen-es,  there  is 
no  such  current  {L.  Hermann)  ;  similarly,  in  quite  uninjured  frog's  muscles,  as 

•  well  as  when  ihe-^e  muscles  are  direc/Zy&nd  completely  teianized,  there  is  no  current. 
3.  Current  during  the  Contraction  Wave.^ — If  one  end  of  a  mtiscle  be 
directly  excited  with  a  momentary  stimulus,  so  that  the  contraction  wave  (§  299) 
rapidly  passes  along  the  whole  length  of  the  muscular  fibres,  then  each  part  of  the 
muscle,  successively  and  immediately  before  it  contracts,  shows  ihe  negative  varia- 
tion. Thus,  the  **  contraction  waite  '*  is  preceded  by  a  "  negative  wave  "  of  the 
muscle  current,  the  latter  occurring  during  the  latent  period,  liolh  waves  have  the 
same  velocity,  about  t  metres  per  second.  The  negative  wave,  which  first  increases 
and  then  diminishes,  lasls  at  each  [loint  only  0.003  second  (Bernstein). 

4.  During  a  Single  Contraction. — .\  sini^le  contraction  also  shows  a  muscle 
current.  [The  electrical  variation  takes  place  during  the  latent  period  of  the 
muscular  contraction,  so  that  it  precedes  the  latter.     The  variation  begins  .01"  lo 
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/<fr).  A  frog's  rouscle  may  be  made  to  record  its  contraction,  and  simuluneousljr 
the  variation  of  the  electrical  cmrenl,  as  ascertained  by  the  capillary  electronncierJ 
may  be  photographed  (Fig.  403),  and  the  same  may  be  done  in  the  c^x  of 

heart  (Fig.  404J.    The  capillary  electrometer  miaj| 

Fig.  403.  ^m,  advantage  be  employed  to  measure  this  tin 

^^^^^^^^^^^^^        difference,    the    electrical    and     the    mechanical 

'    ^^^^^^^^^^^^^^       events  being  simultaDeously  recorded.] 

The  diphuic  rarinitan — 1st  phase  tniddlr  negalire  to  Cndj 
3<1  phise  and  o^ntive  to  middle  bcfjins  about  .01"  bdbn  l' 
commcnccrnieut  of  muitcular  contraction  ( tfa/ier). 

The  v-arintion  is  diphasic — 1st  phue  bate  nec*ti*^  lO  •P^*  * 
2d  phiue  apex  tiei;aiive  to  base  (fVaZ/fr).     The  first  [m«se 


One  of  the  best  objects  for  this  purpose  i»  the 
contracting  heart,  which  is  placed  ui>on  thcnoo- 
polarizablc  electrodes  connected  with  a  sensitii 
galvanometer.  Each  beat  of  the  heart  cati^es  a 
deflection  of  the  needle,  which  occurs  before  the 
contraction  of  the  cardiac  muscle  {KblUker  and 
ff.  Miiiiet).  The  electrical  disturbance  in  the, 
rouM:le  causing  the  negative  variation  always  pr 
cedes  the  actual  contraction  (p.  ffe/mholtt^  1845).^ 
Still  it  lasts  throughout  the  whole  duration  of  the 
contraction  {f,ee).  When  the  completely  uninjured 
frog's  gastrocnemius  contracts  by  stimulating  the 
nerve,  there  is  at  first  a  descending  and  then  aaj 
ascending  current  (Stg.  Mayer,  %  334,  II). 


Fioj.  GiialrvCncnuvis  IpaI  off  10  elcctfo- 
mcier  from  ihc  midiilc    of  ihc   mu«clc 

BTl^dml  from  ihc  ictKlon.  Coi>lraclt»n  *«- 
died  by  A  «inElc  break  induaiDti  sbock 
■pplica  to  the  sialic  nerve.  *,  <Jec- 
tn>inet«r  ;    km,    mtucle  ;    /,  time  In  ^ 

&      ««c.     {niiiRctc    to     H1SO4;     tendon  to 


More  exact  ol»enmiioiis  on  the  electrical  processes  of  the  puUaiinf*  heart  show  tbsi  i 
pheaotnena  occur.  The  apex  of  the  dof^'s  hean  i<  negative  to  the  base  dorii^  vystole. 
cues  this  ^i»  preceded,  and  ui  iotnc  it  is  fcillowed,  by  an  i^ipoaile  condition  (/nA//ncf ),  k  t^ 

Ktc.  404. 


Fran's  bKurt.     SponUneinH  cunlraciion.     t.f,   elccimmctet ;  k,k,   heart'*  contrkciion  .  /. /,  ime  m  y^  •«(:■( 

to  Mt^O^,  buc  10  Hb)  (  (fW/4^). 


diphftAtc  vAfiotion.     If  the  henri   be  arrested  in  diastole  by  stimulatioo  of  the  vagus  (|  369^  ih 
ts  a  pciUtve  varimioii  uf  ibt.'  ihuk'Ic  current  {GaikeU,  f'ftmo).     Waller  has  drroomtnted  a  true 
electrical  variwion  of  the  human  inhict  heart. 

[Heart. — Gaskell  has  shown  that,  when  the  va^  of  a  tortoise  is  stimulated  so 
as  to  arrest  its  heart  in  diastole,  the  action  of  the  inhibitory  nerve  is  accompanied 
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by  a  positive  electrical  variation  of  ihe  heart  current,  while  stimulation  of  the 
sympathetic  (awgmentor)  nerve  caitscs  an  electrical  variation  of  the  same  sign  as 
that  caased  by  a  contraction  in  the  non-beating  tissue  of  the  ventricle  of  the  toad. 
In  both  cases,  the  respective  nerves  can  produce  their  electrical  effect  after  the 
heart  has  been  brought  to  standstill  by  the  application  of  niuscarin  to  the  sinus. 
These  experiments  are  of  the  utmost  importance  in  connection  with  the  theory 
of  the  action  of  these  nerves  on  the  heart  {§  370),  and  the  mode  of  action  of 
poisons  on  the  heart  itself.] 

Secondary  Contraction. — A  nerve-muscie  preparation  may  be  used  to  de- 
monstrate the  electrical  changes  that  occur  during  a  single  contraction.  If  the 
sciatic  ner\e,  A,  of  such  a  pre|>aration  be  placed  upon  another  muscle,  B,  as  in 
Fig.  405,  then  every  lime  the  latter,  B,  contracts,  the  frog's  muscle,  A,  connected 
with  the  nerve  also  contracts. 

If  the  nerve  of  a  frog's  nerve-muscle  preparation  be  placed  on  a  contracting 
mammalian  heart,  then  a  contraction  of  the  muscle  occurs  with  every  beat  of  the 
heart  {Afatteuccit  1842).     The  diaphragm,  even  after 
section  of  the  phrenic  nerve,  especially  the   left,  also  FiG.^05. 

contracts  during  the  heart  beat  {Schiff^.     This  is  the 
"  secondary  contraction  "  of  Galvani. 

Secondary  Tetanus. — Similarly,  if  a  nerv^  of  a 
Qerve-mus(-lc  preparation  be  placed  on  a  muscle  which 
b  tetanized,  then  the  former  also  contracts,  showing 
"secondary  tetanus"  (du  Bois-Rfymonii).  The  latter 
experiment  is  regarded  as  a  proof  that,  during  the  pro- 
cess of  negative  variation  in  the  muscle,  manys\irces.sive 
variations  of  the  current  raiust  take  place,  as  only  rapid 
variations  of  this  kind  can  produce  tetanus  by  acting  on 
a  nerve — continuous  vibrations  being  unable  to  do  so. 

Usually,  there  is  no  secondary  tetantu  in  a  frog'i  nerve-musde 
preparation  when  U  is  laid  upon  a  tnuKle  which  is  tetani^cd  volun- 
tarily, or  by  chemical  stimuli,  or  by  jxiiBrinint;  wiili  siryclinin 
{^^//ering,  A'iifinf);  slill,  Lovin  has  obscn*c<l  secondary  strychnin 
Ictmnus  compas^il  of  «ix  lo  nine  sJiocks  per  second.  ()b<tervatiuiis 
^wiih  a  semttive  galvanometer,  or  Lippmann's  capillary  eleciromeier 

(Fig.  400),  show  that  ihe  apR!>ins  of  strychnia  iwisontng,  as  well  as  a  voluntary  contraction,  ore  dis- 
cnntinuous  pn>ce&ses  {L<n>^m,  p.  4S5). 

Biedcniuian  observed  that  striped  muscle,  under  the  influence  of  the  vapor  of  eiher,  passes  into  a 
condinon  in  which  it  shows  do  obvious  change  of  fonn  or  movement  vrhen  it  i%  stimulated,  while  at 
the  spat  stimulated,  there  are  galvanonietric  variations  of  the  same  strength  as  occurred  during  stima- 
lation  Irefbre  the  action  of  the  ether.  Owing  to  the  abolition  of  tbc  power  of  conductivity,  they  can 
only  manifest  themselves  locally. 

[Secondary  Contraction  from  Miisclc  to  Muscle  (Kuhne). — If  5  mm.  of 
one  end  of  the  sartorius  of  a  curarized  frogT>e  laid  upon  a  corresponding  5  mm.  of 
the  other  sartorius,  so  that  both  muscles  are  in  line,  and  if  the  surfaces  of  contact 
be  pressed  logetliLT,  either  by  an  ebonite  press  or  other  means,  on  stimulating  the 
free  end  of  one  of  the  muscles — either  cloctncally,  mechanically,  or  chemically — 
the  other  muscle  also  contracts,  and  if  the  first  one  be  tctanized,  the  second  one 
also  is  thrown  into  tetanus.  The  cxijcriment  may  be  repeated  .with  five  or  six 
mtiscles  In  line.  The  conduction  is  interrupted  at  once  by  ligature  of  the  muscle. 
The  second  muscle  contracts,  because  it  is  stimulated  directly  by  the  action  cur- 
rents of  the  contracting  muscular  fibres.  The  effect  is  prevented  by  introducing, 
between  the  overlapping  ends  of  the  muscle,  a  thin  plate  of  gutta  percha,  tinfoil, 
or  any  insulator.  This  exjieriment  of  Kdhne's  shows  tts  how  important  a  rote 
electrical  phenomena  play  in  connection  with  muscular  contraction.  Secondary 
contraction  from  nerve  has  long  been  known.] 

Negative  Variation  jn.  Nerve.— if  a  nerve  be  placed  with  its  transveree  x 

39  ^ 
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section  od  one  non-polari/^blc  electrode,  aiid  its  longitudinal  surface  on  the  other       

and  if  it  be  stimulated  electrically,  chemically,  or  mechapically,  the  ncr\'e  currcn«^3 
is  also  diminished  '  '     "       *•  '^      ^^^    ~-^n.i —  :    ..^ 

toward  /fo/A  ends 

interruptions  of  the 

Hering  succeeded  in  obtaining  Trom  a  nerve,  as  from  a  muscle,  a  secon<lary  coi*?^^:^;:^ 

traction  or  secondary  tetanus.   The  amount  of  the  negative  variation  depends  u|a^—      ^ 

the  extent  of  the  primary  dctlcction,  also  upon  the  degree  of  nervous  excilabilit 

and  on  the  strength  of  the  stimulus  employed.      The  ncgativf  variation  occurs  Ci^^q 

stimulating  with  tetanic  as  well  as  with  singly  shocks.     The  negative  rariili*^  ~^ 

is  no;t  observed  in  completely  uninjured  nerves,     "-v*  . 

llering  foiuid  (bat  Ibe  cegative  variation  of  the  nerve  current  caused  by  tetanic  stimuUlion  ii 
lowed  by  a/oir/ifr  variation,  wbich  occurs  immediately  after  the  former,  i.  f.,  it  is  dipbaac 
increaMs  to  a  cenaiii  degree  with  the  duration  of  the  stimulation,  as  well  as  with  the  tfrcnfcth  o£" 
stimulus,  and  with  the  drying  of  iUe  nerve  {fiftui).     {Effttt  n/  Elcift.Mtui,  \  3;;;,  I'. 

Kio.  406. 
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Schcm*  ot  Bermicin'ft  itlfferential  rtieoiome:  N  N,ncrve;  J.  Induction  nuchine:   C,  galvaaonetcr,  «-.>, 
of  nccdl« :  E,  (MtiCTy  and  prinuiry  clrcull  with  C  Ur  opening  it  at  v:    c,  tot  clo«io(  gklvaiMiikHR 
electrodn  Id  (alvanomelct  circuit ;  S,  motor. 
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Negative  Variation  of  the  Spinal  Cord. — ^Tliis  is  the  same  as  in  nerves  generally.  If  « t 
be  conducted  from  llie  lraii»ver^  and  longituiiinal  surfaces  of  tbe  upper  part  of  the  medulla  1  ~ ' 
we  observe  t/*cn/fift^am,  intermittent,  Hfgative  variitliont,  perhaps  due  to  (he  inlcrmiiteni  excilrtoe 
of  the  nei^'e  centres,  more   especially  of  the   re^piratorjr  centre,     Similar  vtiri^itoD^  are  oUaioe 
redexly  by  single  itlimuli  applied  to  the  »ciatic  ner^-e.  while  &(ran{r  stimulation  by  c^mtnaon  Hit 
induction  shocks  inhibits  thrm. 

Velocity. — The  proct:&b  of  negative  variaiion  (:■  propagated  at  a  measurable  velocity  along  tbc 
nerve,  most  rapidly  at  15**  to  25;*  C.  ( S/riner),  and  at  lb«  simc  rate  as  the  velocity  of  the  nervosi 
impulse  iiscif,  about  27  to  2$  metres  per  second.  The  duration  of  a  single  variatioo  (of  «hie^_ 
tbe  piocessof  ncfzntive  varialionli  com[XMicd)is  only  o.OQOS  to  0.0008  Mcond.  white  tbe  ««irc  le 
in  tbe  nerve  is  calculated  by  Hemsiein  at  18  mm. 

Differential   Rheotome. — J.  BernMerii  estimated  tbe  velocity  of  the  nevaltve  vnriatioi 
by  means  of  a  diBcrcnlial  rheotome  thiis  <  Mg.  4o(>i :  A  long  *;lnTtch  of  a  nen'e  |  N  n  1  h 
that  at  •>»/  end  of  it  I^N)  it^  trmi!(ven>e  and  longitudinal  ^urfaCCA  are  conceded  wilb  a  i;a---i 
(tl),  while  at  the  n/Arr  end  («)  are  placed  tbe  electrodes  of  on  induction  machine  (j).     .\ 
rapidly  rotating  on  its  vertical  axis  ^A)  has  an  orrani^cment  (C)  at  one  point  of  its  ciicitmfef 
means  of  which  Ihe  tftirretil  of  the  i«-ittiary  circuit  (E)  i*  iapi<Hy  o))died  and  elosotj    dunn^  tf 
revolution.  Thi.^  causes,  with  each  rotation  of  the  disk,  an  otK'nini;  and  a  closing  shock  to  be  apfiliedi 
I0  the  end  of  t1>e  nerve.    At  the  dinmetricmlly  opposite  port  of  the  circumfennce  is  an  amnfcnat] 
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r)  by  which  the  galvoDomcter  circuit  is  dosed  uid  opened  during  each  revolution.  Thus,  the  stiinu- 

htion  and  the  closing  of  the  galvanometer  circuit  occur  nt  the  same  moment,     (in  ra}>idly  rotating 

_fcc  disk,  thf  galvanimeler  indicolcs  o  strong  ncr\e  current,  an  excursion  of  the  mngnciic  needle  lo 

L      At  the  moment  of  slimulaiion,  the  ni-gQiive  varintion  has  not  yet  reached  the  other  end  of  the 

KfTc.     If,  however,  the  anangcmcm  which  closes  ihe  galvanomeier  circuit  lie  so  displaced  (lo  o) 

feonf  the  circumference,  that  ilic  yalvjuomeler  circuit  is  closed  somewhat  Ja/tr  than  the  nerve  is 

lUmiUated.  then  the  current  is  weakened  by  the  negative  variatiou  (the  needle  fiassing  backward  to 

"■),     When  wc  know  the  velocity  of  rotation  of  the  duk.  it  is  easy  lo  calculate  the  rate  at  which  the 

UMxlse  causing  the  negative  variiiinn  passes  along  a  fiven  distance  of  nerve  from  N  ton. 

The  negative  variation  is  abMrnt  iu  dc^ejierated  nerves  ns  soon  ai  they  lose  their  exdiability. 

Relink  and    Eye    CurreliEs. — If  a  frcsbly-cxciscd  eyeball  be  placed  on  the  non-potaiizable 

ictrodes  connected  with  n  gjlvaoometer.  and  if  light  fall  upon  the  eye,  then  the  normal  eye  current 

im  the  cornea  (-f )  lo  the  transverse  section  of  itic  upiic  nerve  { — )  is  at  lust  increased.     Yellow 

ht  is  most  powerful,  and  less  so  the  other  colon  {Ihtmgrtn,  M* Kendrick  and  Dcunr).     The 

mcr  sur^c  of  ihc/ajjirr  retina  is  positive  to  the  posicrior.     When  the  retina  is  illuminated  there 

a  double  variation,  a  negative  variation  with  a  preliminary  |>0!utive  increase ;  while,  when  the  light 

rases,  there  i«  a  simple  positive  variation.     Kctin:c,  in  which  the  visual  purple  has  disappeared 

iMving  to  the  action  of  light,  show  smaller  variations  yKiikne  and  Sttiner). 

Stimulation  of  the  secretory  nerves  of  iheyf/rW'/wAi/' membranes,  besides  causing  secretion, 

■frccu  the  current  of  rest  (^i'^f''^r).     Tliis  accretion  current  passes  in  the  jumc  direction  in  the 

Utin  of  the  frojj  and  warmblooded  anininls  as  the  cunent  of  rest,  allhough  in  ihe  frog  il  is  occosion- 

klly  in  the  opposite  direction  {HtriHann).     If  the  current  be  conducted  uniformly  from  both  hind 

Eeei  of  a  cat,  on  stimulaiinK  the  sciatic  nerwc  of  one  ride,  not  only  is  there  a  secretion  of  swcM 

[{  288),  but  a  secretion  current  is  developed  {Luthiinger  and  ifermann).     If  two  symmetrical 

parts  of  the  skin  in  the  leg  or  arm  uf  a  man  be  similarly  tested,  and  the  muscle  of  one  side  be  con 

Uacted,  a  similar  current  is  developed.     Destruction  or  atrophy  of  the  glands  al>olishes  both  the 

power  of  secretion  and  the  secretion  current.     There  is  no  secretion  curr^nl  from  skin  covered  with 

bairs,  but  devoid  of  glands  {Bulmoff).      [The  secretion  current  from  the  sub-maxillory  gland  is 

feferred  to  in  \  I45  SBnyiin  and  Bradforii)l\ 

333.  JSIiECTROTONlC  CURREIOIS  IN  NERVE  AND  MUS- 
CLE.— [When  a  constant  current  called  the  '*  polarizing  current"  is 
passed  through  a  stretch  of  nerve,  the  nerve  is  thrown  into  a  peculiar  condition, 
called  the  "electrotonic  condition,"  or  briefly  electrotonus.  In  this  condition, 
the  vital  properties  of  the  nerve  arc  modified,  /.  e, — 
(i)  Its  electromolivity  (§  353). 

(2)  Its  excitability  (§  335)- 
The  fonner  is  considered  in  this  section,  and  the 
latter  in  a  subsequent  section.] 

1.  Positive  Phase  of  Electrotonus. — If  a 
nerve  be  so  arrange3~upon  the  electrodes  (Fig.  407, 
I)  that  its  transverse  section  lies  on  one,  and  its  Ion- 
giLudinal  on  the  other  electrode,  then  the  galvano- 
meter indicates  a  strong  current.  If  now  a  constant 
current  be  transmitted  through  the  end  of  the  nerve 
projecting  beyond  the  electrodes  ^thc  so-called  "/it- 
/an'zifig"  end  of  the  nerve),  and  if  the  direction  of 
Ihis  current  coimide  with  that  in  the  nerve,  then  the 
magnetic  needle  gives  a  greater  deflection,  indicating 
an  imrease  of  the  nerve  current — **  the  positive 
phase  of  electrotonus."  The  increase  is  greater 
the  longer  the  stretch  of  nerve  traversed  by  the 
current,  the  stronger  the  galvanic  current,  and  the 
less  the  distance  between  the  part  of  the  nerve 
traversed  by  the  constant  current  and  that  on  the 
electrodes, 

2.  Negative  Phasc.  of  Electrotonus, — If  in 

the  satne  length  of  nerve  the  constant  current  passes  in  the  opposite  direction 
to  the  nerve  current  (Fig.  407,  II),  there  is  a  diminution  of  the  electromotive 
force  of  the  latter — *'  negative  phase  of  electrotonus." 


Fig.  407. 
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3.  Equator. — If  two  points  of  the  nerve  equidistant  from  the  equator  be 

placed  on  the  electrodes  (III),  there  is  no  deflection  of  the  galvanometer  needle 
(p.  605,  4).  If  a  constant  current  be  passed  through  one  free  projecting  end  of 
the  nerve,  then  the  galvanometer  indicates  an  electromotive  effect  in  the  same 
direction  as  the  constant  current. 

Blectrotonus. — These  experiments  show  that  a  constant  current  causes  a 
change  of  the  electroiuoliye_ force  of  tlie  part  of  the  nerve  directly  traversed  by 
the  constant  current,  i.  tr.,  in  the  intra-polar  area,  and  also  in  the  part  of  the 
nerve  outside  the  electrodes,  /'.  r.,  in  the  extra-polar  area.  'l*his  conditioD  is 
called  eUctr&tonus  idu  Boh-Reymottd^  1S43). 

The  eleclrotonic  current  \%  stronijest  Dot  far  from  tlic  electrodes,  and  U  mny  \vt  twenty-five  times  xs 
strong  as  the  nerve  current  of  reu  (2  331,  j) ;  il  is  greater  on  the  anode  than  on  the  cathode  side; 
it  undergoes  a  negative  variation  like  the  resting  neive  current  during  ictxnus;  it  occun  at  once 
on  closing  the  constant  current,  although  it  diminishes  unimerrapiedly  at  the  cathode  {Ju  flats- 
fifymond).  On  the  conUary,  between  the  electrodes,  l>esides  the  polarizingctirreni  itself,  there  ts 
DO  obvious  elccuYilonic  increase  of  the  current  to  l>e  olraened  [I/trmanH).  These  {^nomeoa  lake 
place  only  to,  long  as  the  ncive  is  e\cital>le.  If  the  nerve  Ik  ligatured  in  tbe  projecting  part  in  the 
golvanooieler  ciroiili  the  phenomena  cease  in  the  ligatured  pari.  The  ahove  described  galvanic 
eleclrotonic  changes  of  the  extra-(K>lar  part  are  ahn^nt  iti  non-medutUted  nerve  fibres,  while, 
on  the  contrary,  the  physiological  electrotonus  is  pre*cnt.  'l"hc  ph)'sioiogical  electrotonui  of  medul' 
laled  nerves  can  l>c  set  aside  liytreatiDg  medultalcd  nerves  with  ether,  while  the  phj'stcal  phcnuuiena 
remain  {BieJermann). 

The  negative  variation  ({  J32)  occurs  more  rapidly  than  the  electrotonic  increase  of  ibe  correot, 
so  that  the  former  is  over  before  the  electromotive  increase  occurs.  The  velocity  of  the  electro- 
tonic  change  in  the  current  is  Ic&s  than  the  rapidity  of  propagation  of  the  excitement  ia  the  nerves — 
tietng  only  8  to  10  metres  per  second  {  TscJiirinv,  Bfrmtfin). 

"The  secondary  Wjatraction  from  a  ncrxc"  depends  upon  the  clectroionic  state.  If  the 
sciatic  nerve  of  a  frof^'s  ntrveniusclc  preparation  be  placed  on  an  excised  ncr\-e,  and  if  a  constant 
current  \it  passed  through  the  free  end  of  the  lailer — noii  electrical  itimuli  being  inactive — the  mus- 
cles contract.  Thi?  occurs  because  the  clcciroionizirg  current  in  the  excised  nerve  Mimulates  Lbe 
nerve  lying  on  it.  By  rapidly  closing  and  opening  ibc  carrcot,  we  oUoin  " u^ondury  tetanui  from 
a  ntrx'e"  (p.  609). 

[Paradoxical  Contraction. — Exactly  the  same  occurs  when  the  current  is 
applied  to  one  of  the  two  branches  into  which  the  sciatic  nerve  of  the  frog  divides. 
The  sciatic  nerve  of  the  frog  divides  at  the  lower  end  of  the  thigh  into  \\\^  peroneal 
and  iibial  branches.  If  the  sciatic  nerve  be  divided  above,  and  tbe  peroneal 
branch  be  also  divided  and  stimulated  with  interrupted  induction  shocks,  the 
muscles  supplied  by  the  tibial  branch  will  contract.  There  is  no  contraction  of 
the  muscle  if  the  peroneal  nerve  be  ligatured.] 

Polarizinf  After-Currents. — When  the  constant  current  is  opened,  there  are  after-currents 
depending  ufxin  internal  polarixalion  \\  32S).  In  ih-ing  nerves,  muscle,  niid  eleciricid  organs  this 
ioternal  polarisation  ciirrcnl.  when  a  strong  pHmar)-  current  of  very  short  duration  is  used,  is  always 
/tiW/ti'f,  f.  r..  h&5  tbe  same  direction  as*  the  primary  current.  Prolonged  duration  of  the  primary 
current  uUimately  causes  negative  polarl^cation.  Uctwecn  these  two  is  a  stage  when  there  if  do  [wUri- 
xatioD.  IVKiitive  polarization  is  especially  strong  in  nerves  when  the  pninar)'  current  ha&  the  diicc- 
tion  of  the  impulse  in  the  nerve;  tn  muscle,  when  the  primary  current  is  directed  from  the  jHunt  of 
entrance  of  the  nerve  into  the  muscle  toward  the  end  of  the  muscle  {\  334,  II), 

4.  Muscle  Current  during  Electrotonus. — The  constant  current  also 
produces  an  etcctrotonic  condition  innitts^4e;  a  constant  current  in  the  same 
direction  increases  the  muscle  current,  while  one  in  an  opposite  direction  weakens 
il,  but  the  action  is  relatively  feeble.  ftii'>$h»fr^UMtftii 

[Electrotonic  Phenomena  in  Conductors. — Mattencci  found  that  a  melaUlc  wire  surrounded 
by  B  moUt  conductor,  when  imvc rsed  by  a  galvanic  current,  exhihits  currenis  possessing  tlic  j«ropertie$ 
of  eleclrotniiic  currents  of  nerves.  I  Ic  also  found  that  the  currents  ceased  if  the  wire  was  of  #inc 
and  Ihe  envelope  a  saturated  solution  of  zinc  sulphate.  This  shows  that  these  currents  were  due  to 
polarixolion  between  the  core  and  the  fluid.  Hcruiann  finds  thai  the  ctirrcnrs  only  oJjtain  when  a 
polarirahle  core  is  present.  A  straw  without  joints,  if  lilied  with  a  saturated  solution  of  cotDincn 
salt,  or  the  tentacles  of  a  lobster  when  moisienetl  with  saline  solution,  and  traverscil  by  a  constaat 
current,  exhibit  similar  eledrolotuc  currenu  {f/rrinx).} 
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334.  THEORIES  OF  MUSCLE  AND  NERVE  CURRENTS.— 

1.  Molecular  or  pre-existence  Theory. — To  explain  the  currents  in  muscle 

-nd  nerve,  du  Bois-Kevmond  proposed  the  so-called  molecular  theory.     Accord- 

i  ng  to  this  theory,  a  nerve  or  muscle  fibre  is  composed  of  3  series  of  small  elcctro- 

TTnoiive  molecules  arranged  one  behind  the  other,  and  surrounded  by  a  conductmg 

indifferent  fluid.     The  molecules  are  su]>posed  to  have  a  positive  eijuatorial  zone 

<directed  toward  the  surface,  and  two  negative  polar  surfaces  directed  toward  the 

transverse  section.     Every  fresh  transverse  section  exposes  new  negative  surfaces, 

r.£Knd  every  artificial  longitudinal  section  new  positive  areas. 

This  ficheme  explains  the  Btrong  currtnis — when  the  -f  longitudinal  surfiice  is  connected  with  ihe 
—  Cnmaversc  surface,  a  current  1*  obtwncd  (roiu  ihe  fbriticr  to  the  laUcr — tut  it  does  not  explain  the 
^et&U  currents.  To  expbin  tlu'ir  occurrence  wc  nuiftt  nssume  that,  on  the  one  liand.,  the  electro- 
motive force  of  the  molecules  is  weakenifd  with  varyini^  rapidity  ai  unequ.1l  distances  Irom  ihc  eiiuator; 
on  the  other,  at  unerfual  distances  from  the  transverse  section.  Then,  of  courie,  dinereiicisi  of 
electrical  tension  obtain  between  the  .Wronger  and  the  feebler  molecules. 

Py  y  lec^ron^m  v . — ilut  ihc  naturai  transverse  scciion  of  a  mascle,  i.e.,  the  end  of  tlie  tendon,  b 
notnegurvif,  but  more  or  less  positive  eleciricnlly.  To  explain  this  condition,  du  Bois  Rcymond 
aasiunauiat  on  the  end  of  the  tendon  there  is  a  layer  of  £lc£tiuie25iUxe  muvcle  substance,  lie 
supposes  that  each  of  the  perif)oIar  elementR  nf  muMrle  consists  of  two  bipolar  elementa,  and  tlmi  a 
layer  of  this  ktil/  clement  lies  at  the  end  of  the  tciidoi),  so  that  it$  fK)sitive  side  is  turned  towoid  ihe 
free  surfiice  of  the  tencon.  This  Uyir  he  cilU  the  '*  parelectronomic  layer."  It  is  never  com- 
pletely absent.  Sometimes  it  is  so  marked  as  to  make  the  end  o^  the  tenaoti  +  in  relation  to  the 
Aorface.     Cauterization  dcstroj-s  it.     [It  is  supposed  to  be  fiivoied  b)'  cold.] 

The  negative  variation  is  explained  hj- supposing  that,  during  the  action  of  n  muscle  and  nerve, 
the  clectTDmolive  force  of  all  the  molecules  is  diminished.  Duiing  partial  contraction  of  a  muscle, 
the  contracted  |iart  a-vMimeA  more  the  characters  of  an  indiffurent  conductor,  which  now  liccomea 
connected  with  the  iiegniive  zone  of  the  pn^fsive  contents  of  the  muscular  titirts. 

"ITlc  eleclrotoriic  currents  beyond  the  electrodes  in  nerves  must  Iw  enplaiucd.  To  explain  the 
eledmtnnic  condition,  it  w  assumed  thai  Ihc  bipolar  molecules  ore  cafwble  of  rotnlion.  The  polAnj:inK 
current  acts  upon  the  dirn:tion  of  the  moleckilts,  so  that  they  turn  their  negative  surfact^  toward  the 
anode,  and  their  positive  surface*,  to  the  catliotte,  wherelij*  the  molecules  of  inc  intra-^Tolar  region  have 
the  arraxigcment  of  0  Voll^'a  pile.  In  the  part  uf  the  nerve  outside  ibe  electrodes,  ibe  further  removed 
it  Is,  the  less  precisely  are  the  molecules  arranged.  Hence,  the  swing  of  the  needle  ts  teas,  the  further 
the  extrapolnr  portior;  is  from  the  electrodes. 

II.  Difference  or  Alteration  Theory. — The  difference  theory  was  profxwed 
by  L.  Hermann,  and,  according  tu  hirn,  the  four  following  consi<lerations  are 
sufficient  to  explain  (he  occurrence  of  the  galvanic  phenomena  in  living  tissues :  (1) 
Protoplasm,  by  undergoing  partial  tfeath  \w  its  continuity,  whether  by  injury  or  by 
(horny  or  mucou-s)  metamorphosis,  becomes  negative  toward  the  uninjured  part, 
{2)  Protoplasm,  by  being  jKirtially  exi'ited  in  its  continuity,  becomes  negative  to 
the  uninjured  part.  (3)  Proto])lasm.  when  partially  heated  in  its  continuity, 
becomes  positive,  and  by  cooling  negative,  to  the  unchanged  ]3art.  (4)  Proto- 
plasm is  strongly /tf/ar/sdi^/c  on  its  surface  (muscle,  nerve),  the  jiolarization  con- 
stanl>i  diminishing  with  excitt-ment  and  in  the  process  of  dving. 

Streamless  Fresh  Muscles. — It  seems  that  p^ive,  uninjured,  and  abso- 
lutely fresh  nerves,  and  muscles,  are  couipletely  devoid  of  a  current,  i*.^.,  the 
heart  {Engeltttann),  also  the  musculature  of  fishes  while  still  covered  by  the  skin. 

[,'\ceording  to  Hermann,  the  currents  obtained  from  muscle  are  due  to  injury  of 
the  muscle  substance,  whereby  a  difference  of  potential  is  set  up,  the  injured  jjart 
being  negative  to  the  uninjured.  In  fact,  it  is  impossible  to  isolate  a  muscle  with- 
out injuring  it,  owing  to  its  connections.  Frogs  exhibit  skin  currents  after  the 
skin  is  destroyed  ;  the  muscles  still  exhibit  currents,  but  Hermann  explains  this  by 
the  action  of  the  irritant,  used  to  destroy  the  skin,  also  affecting  the  muscle.  In 
Bshcs,  however,  there  are  no  skin  currents,  and  if  they  be  curarized,  absolutely  no 
current  is  obtained  from  their  uninjured  muscles  (/^.'/'wanff).  The  heart  also  when 
passive  and  uninjured  gives  no  current,  although  it  exhibits  an  action  current  when 
^m  it  contracts,  and  every  injured  part  in  it  iK)sseses  a  negative  electrical  potential 
^fe  ivith  reference  to  the  rest.] 


I 
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L.  llcnnann  also  finds  that  ibc  muscle  current  U  always  devdoprd  after  a  titae,  wUcli  ka 
short,  when  a  new  transverse  s<rclion  in  aiacl^.     [Hy  means  of  his  *'  Fall-rheotom/*  an  arranig! 
whereby  a  weight,  covered  with  shagreen,  injured  a  inu>icle,  arid  at  tlic  same  lime,  closed  aivi 
a  galvanometcf  circuit,  flermann  was  able  to  show  ihai  ihc  curren! — denurcitinn  cuireni— u-ok 
certain  time  to  develop.     Had  it  been  {HJexiiUeiil,  as  supposed  by  du  Boa&-Re)'mc>nd,  thu  ou^hi 
to  have  Iiceti  ihe  case.] 

Demarcation  Current.— Ever>'  injury  of  a  tnuscle  or  nerve  causes  at  the  point  of  injury  {dtmAf 
cation  iurfaff)  n  d^nng  sub«tnnce,  which  behaves   ncgoiivrly  to  the  poaitive  intact  sabsiaocc 
Current  thus  produced  is  called  by  Hermann  the  "  armnrfadoH  turrmt."      If  individoal  parts 
mnscle  be  niotsiened  widi  poia&h  sails  or  muscle  juice,  they  become  negatively  electrtcal :  if  i! 
substances  be  removed  these  ports  cense  to  be  ncgsUive  ( BMfrmnttn). 

It  appears  that  nil  living  protoplasmic  substance  has  a  .special  property,  whereby  injury  of  «  p«t1  of 
it  makes  it,  when  dying,  negative,  while  ihr  inioci  ixtrts  remain  pcnitivt-ly  electrical.  Tbna^  ^ 
traiuvcTK  sections  of  living  pons  of  plants  arc  negative  to  their  surface  \  Hu^  \ ;  and  the  uinc  oeon 
in  animal  parts,  r  {'.,  );Iand9  nnd  boiiot.  Fntjclniann  msflc  the  remarkniilc  oliscrvatkii  ihAl  (be  h?«l 
and  smooth  muscle  again  lose  the  negative  conditioD  of  their  tran^verve  section,  when  the  muscle  celb 
are  complrtcly  dead,  as  far  as  the  cement  substance  of  the  nearest  cells;  in  nerves  when  the  dividi 
portion  dies,  as  for  a%  the  fin^t  node  of  Ranner.  When  all  these  organs  are  again  comj^ely  tfn 
Use,  then  the  absolutely  dead  substance  behaves  essentially  as  an  indiMerent  motM  conductor.  Mir^ 
divided  subcutaneously  and  heated  do  not  exhibit  a  negative  reaction  of  the  wirface  of  thctr  fceeli 

All  these  considerations  go  to  show  that  ///-?  preexistence  of  a  current  in  iivii 
uninjured  tissues  can  no  longer  be  mainfaineti. 

Theoretical.— ClrUnhagen  nnd  L.  llennmin  explain  the  electrotonic  currents  as  t^cirig  dui 
internal  polarization  in  the  nen-e  fibre  between  the  conducting  corrof  the  nerve  and  the  cm  " 
shenitis.     Mattcucci  found  that,  when  a  wire  is  surrounded  M-iih  a  moia  oooducior,  and  die  c 
placed  in  connection  willi   the  electrodes  of  a  con-itajA  current,  currents  sitmlar  to  the  electrolOate 
currents  in  nerves,  and  duo  to  polarization,  are  developed.     If  cither  the  wire  or  the  moist  covi 
be  interrupted  ot  any  part,  then  the  polarization  current  doe«  not  extend  bcyt>nd  the  rupture  (p  6t 
The  polarisation  developed  on  the  surface  of  the  wire  by  its  transition  re^tance  cattaca  lite  ondi 
current  to  extend  much  beyond  the  electrodes. 

Muscles  luid  nerves  constat  of  fibres  surrounded  by  indiflerent  conductors.  As  soon  u  a 
current  is  closed  on  their  surface,  internal  polariiation  is  deveIoj«ed,  which  produces  the  rIectK<i 
variation;  it  disappears  acain  on  opening  or  breaking  the  current.  Polarisation  is  detected  I  it  the 
fact  that,  in  living  nerve,  the  galvanic  resiMancyto  conduction  across  a  librc  is  about  live  times,  and 
in  muscles  about  seven  limes  greater  than  in  ihp  longitudinal  direction. 

Action  Currents. — The  term  "  iclion  cuPicnt  "  Is  applied  by  I..  Hermann  to  the  currents  ohwiifd 
during  the  activity  of  a  muscle  or  nerve.  When  a  single  stimulation  wave  (contraction)  |jwbc» 
along  muscular  HLres.  which  are  connected  at  t>t'o  points  with  a  galvanomcler.then  that  jaunt  ibrpa{ll 
which  the  wave  is  just  passing  is  negative  to  the  other.  Occa'^ionolly,  in  excised  rnu«:Ie»,  locml  con- 
tractions occur,  anci  these  points  arc  negative  lo  the  other  |).i<oiivc  pans  of  (he  niuscle  ( Bidnitrw^amm'}. 
In  order,  therefore,  (o  explain  the  currentit  obtained  from  a  frog's  leg  during  tetanus,  we  innsl 
tbat  the  end  of  the  fibre  which  '\s  negative  |]a.riicipotes  less  in  the  excitement  than  the  middle  of 
fibre.     But  this  is  the  case  only  in  dying  or  fatigued  muscles. 

According  to  ^  336,  [>,  the  direct  application  of  a  constant  curreut  to  a  muscle  causes  coi 
first   at   the  cathode,  when   the  current  is  closed,  ami  when  it  is  opened,  al   the  anode, 
explained  by  assuming  that,  during  the  closing  contraction,  the  muscle  is  negative  at  the 
while  with  ttic  opening  coiilraclion  the  negative  condition  Is  at  the  aDodc. 

If  a  muscle  be  thrown  into  contraction  by  stimulating  its  nerve,  then  the  wave  of  cicilci 
travels  from  the  entrance  of  the  nerve  to  both  ends  of  the  muscle,  which  also  behave  oegatKcly 
to  the  passive  parts  of  the  muscle.  According  to  the  point  at  which  the  nerve  enter*  the  moscle, 
the  ascending  or  descending  wave  of  excitement  will  reach  (he  end  (origin  or  iosenton)  of  the 
mnscle  sooner  than  the  other.  On  placing  such  a  muscle  in  Ihe  galvanometer  circuit,  then  al  fint 
that  end  of  (he  muscle  will  lie  negative  which  lies  nearest  to  the  point  of  entrance  of  the  iienrc  {i-f-, 
the  upper  eml  of  the  gaiUrocnemtus),  and  afterward  the  lower  end.  Tliu^,  there  appears  rap*dly 
after  each  other,  nt  first  a  descending,  and  then  an  ascending,  current  in  the  galvanometer  circn^ 
of  course  reversed  witliin  the  muscle  itself  (-SV;'-.  Mayer)  (J  332,  4). 

The  same  occurs  in  the  muscles  of  the  human  forearm.  Wlien  these  were  caused  lo  coMisct 
through  their  nerves,  at  first  the  point  of  entrance  of  the  nerve  (10  cm.  above  the  elbow  jotnll  ww 
negative,  and  then  followed  the  ends  of  the  muscles  when  the  contraction  wave,  with  a  vcLoeity  of 
10  to  13  metre?  per  second,  reached  them  (/,.  Htrmaun)  \\  399,  I). 

If  a  completely  uninjured,  streamleu  muscle  be  made  to  contract  t/ifrr/^tfNi/iM  /<«£», tfaen  BCiCbcr 
daring  a  single  contraction,  nor  in  teianu.^,  is  (here  a  cunen(,  because  the  whole  of  the  miud*  pMMB 
at  the  same  moment  into  u  condition  of  contraction. 

Nerve  Currents. — Hermann  alto  ^u[>poscs  that  the  contents  of  dying  or  active  nerves  b<ktve 
negatively  10  the  passive  normal  portions. 
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Imbibition  Currenti. — When  waier  flows  through  capillary  spaces,  this  is  accompanied  by  aii 
electrical  movement  in  Ihe  same  direction  {Quifttke, ZStlner).  Similarly,  the  forward  movement  of 
water  tn  the  capillary  interspaces  of  non-living  parts  (pores  of  a  porcelain  plate)  is  also  connected 
with  electrical  movements,  which  have  ihe  same  tUrcction  as  ihe  current  of  water.  The  same  efiect 
occurs  in  ihc  movement  of  water,  which  results  in  that  condition  known  as  imbihitwH  of  a  body. 
We  mu«t  remember,  that  at  the  demarcaiion  surface  of  an  injured  nerve  or  muscle,  imbibition  takes 
pUce;  that  also  at  the  contracted  ports  of  a  muscle  imbihiiion  of  fluid  occurs  (§  227,  II);  and  that 

ing  secretion  there  is  a  rouvement  of  the  fluid  particles. 

plants,  electrical  phenomena  have  been  observed  during  the  pauive  bending  of  vegetable 
Is  (leaves  or  stalks),  as  well  as  during  the  activf  movements  which    are  associated    with  the 

idtng  of  certain  parts,  f^i;.^^^  intlie  mimosa  and  dionai^a  {Burdon- Sanderson).  These  phenomena 
ue  perhaps  explicable  by  the  movement  of  water  which  must  take  place  iu  the  interior  of  the 
regelable  parts  {A.  G,  fCuniet).  The  root  cap  of  a  sprouting  plant  i<i  necntivc  to  the  seed  coverings 
[l/rrmoHn) ;  the  cotyledons  positive  to  the  other  parts  of  the  seedling  {AHilter. //eUlini;eH).  In  the 
incubated  hen'**  ejjfj-  the  rmhryo  is  -|-  ,  the  yelk  —  {Htrmnnn  and  v.  C^ndre). 

335.  PLECTRQTOMIC  ALTERATION  OF  THE  EXCITA- 
BIHTY, — Cause  of  Electrotonus. — If  a  certain  sirclch  of  a  living  nerve  he 
traversed  by  a  constant  electrical  {'* /olaHzing" )  current,  it  passes  into  a  condi- 
tion of  altered  excitability  {HifUr,  1S02,  and  others),  which  du  Bois-Reyraond 
called  the  electrotonic  condition,  or  simply  eiectrotonus.  Tliis  condition  of  altered 
excitability  extends  not  only  over  the  part  actually  traversed  by  the  current, 
intra-poiar  portion^  but  it  is  communicated  to  the  entire  nerve,  /.c,  to  the 
extra-polar  ponions^t  Pfliigcr  (1850)  discovered  the  following  laws  of  electro-  " 
tonus: —  Y, 

At  the  positive  pole  or  anotU  (fig.  40S,  A)  the  excitability  is  dimiuLkluJ^  X 
this  ii  the  region  of  anelectrotonus ;  at  the  negative  pole  or  lathode  {K)  it  is 
ijurfas£<tp~ih'\?,  is  the  region  of  cathelectrotonus.     The  changes  of  excitability^ 
are  most  marked  in  the  regions  of  the  |Mile.s  themselves. 

Indifferent  Point. — In  the  intra-polar  region  a  point  must  exist  where  the 
anelecirolonic  and  cathelectrotonir  regions  meet,  where  therefore  the  excitability 
is  unchanged ;  this  is  called  the  indifferMice  or  neutral  point/^  This  point  J^ 
lies  nearer  the  anode  (/")  with  a  weak  ciirrmt,  but  with  a  strong  current  nearer 
the  cathode  (/„);  hence,  in  the  first  case,  alfclost  the  whole  intra-polar  portion  is 
more  excitable  ;  in  the  latter,  le.s.s  excitable,  f  [Expressed  otherwise,  a  weak  current 
increases  the  area  over  which  the  negative  pole  prevails,  while  the  reverse  is  the 
case  with  a  strong  current.  Or  in  the  intra-polar  region,  the  diminution  of  excita- 
bility extends  as  the  strength  of  the  current  increases,  or  to  put  it  otherwise,  with 
an  increasing  strength  of  current,  the  indifferent  point  moves  from  the  positive  to 
the  negative  pole.]]  Very  strong  currents  greatly  diminish  the  conductivity  at  the 
ancxie,  and  indeea  may  make  the  nerve  com^UUiy  inn^^adU  0/ (owiucliap  at  this 
part. 

At  the  cathode  also,  bat  only  after  Ihe  polarizing  current  has  passed  for  some  time  through  the 
nerve  {^V^Hgit),  the  excitability  is  dimioished,  and  the  nerve  in  this  area  it  rendered  incapable  of 
conduction  (CrRnAagen). 

•^  Kxtra-DOlar  Region. — -The  extra-polar  area,  or  that  lying  outside  the  electrodes,  < 
is  greater,  the  stronger  the  current.     Further,  with  the  weakest  currents,  the  extra- 
polar  aneiectrotonic  area  is  greater  than  the  extra-polar  cathelectrolonic.     With 
strong  currents  this  relation  is  reversed. 

Fig.  408  shows  the  excitability  of  a  nerve  (.V.  m)  traversed  by  a  constant  current  in  the  direction 
of  the  arrow.  The  curve  shows  the  degree  of  increased  excitability  in  the  neighborhood  of  the 
Cathode  (A^  as  an  elevnlion  atmve  the  nerve,  diminution  at  the  ano<lr  (*4)  as  a  depression.  The 
carve  m,  o,  i//./.  /'.shows  the  degree  of  excitalMlity  with  a  strong  current;  t,f^  »V»  ^>  *•  *i*h  a 
medium  current ;  lastly,  a,  b,  i,  c,  </,  with  a  weak  current. 

The  clcciroionic  effect  increases  with  the  length  of  ihe  ner\-c  traversed  by  the  current.  The 
changes  of  the  exthabiliiy  in  electrotonus  occur  instantly  when  the  circuit  is  closed,  while 
and ectroto nut  de^'elops  and  extends  more  slowly.  Cold  diminislies  clcctrolonu6  (ffti-niann  and  v. 
Cendrt). 
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When  the  polarizing  current  is  opened  or  broken,  at  6rst  there  is  a  reversal  of 
the  relations  of  the  excitability,  and  then  there  follows  a  transition  to  the  Qormal 
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Scheme  of  tbc  «lectrotonic  cxdtuhUIty. 

condition  of  excitability  of  the  passive  nerve  {Pftuger).  At  the  verj*  first 
moment  of  closing,  Wundt  observed  that  the  excitability  of  the  whole  nerve  was 
increased. 

I.  Proof  of  Blectrotonus  in  Motor  Nerves. — To  test  the  lsw&  of  elcctrotcnint,  tnkc  a  frog's 
nervc-muscIc  prcparauon  I  Fig.  401).  A  conslant  current  (p,  592)  U 
applied  lo  a.  limitrd  ]»arl  of  iht  nerve  by  menns  of  non'p(4anuil)le-  cl*c- 
Irodcs.  A  siimulus,  electricfll,  chemical  isjituraieil  solution  of  cotnmoii 
salt),  or  mechanical,  i»  applied  dtbcr  in  the  region  of  the  anode  or  cithudr ; 
nnd  we  olatTve  whether  the  contraction  which  results  is  greater  when  (he 
polariung  currcul  is  opened  or  closed.  Wc  *hnll  considcT  the  following 
eves  I  Fig.  409). 

(a)  Descending  extra-polar  anelectrotonus.  With  a  descending 
.  current  we  have  to  le&t  the  e^citBluUty  of  the  extra-polar  region  at  the 
\  anode.     If  the  stimulus  (common  salt)  npplicd   at  R  (while  the  cimiii 

wa>  n|x-n)  Cnu»e3t  in  tlits  cue  (A)  moderalely  Mrong  contractions  in  the 
limli,  then  these  at  once  Wcome  wtaker,  or  liUap^far  as  *oon  us  the 
constant  current  ii  iransmiited  through  the  nerve.  Afici  the  circuit  ta 
opened,  the  contractions  produced  \rf  the  salt  again  occur  of  the  origtiial 
strcagth. 

(b)  Descending  exUapolar  cathelectrotonua  (A'|.  The  atimulua 
(saJi)  is  at  K,,  and  the  contrflction>  ihercby  producdi  are  atoncftwrr^jn/ 
after  clo^.in^  the  iwlaiiiiii^  current.  On  opening  it  ibcy  are  again 
weakened. 

(c)  Ascending  extra-polar  anelectrotonua(U).  lltcsah  lies  air,; 
the  moderately  strong  contractions  excited  by  the  Milt  before  the  current 
is  made,  become  feebler  after  the  current  is  made. 

(d)  Ascending  extra-polar  cathclectrotonus  (B).    The  5ali  lies 
Method  of  letting  the  exelu-  It  r.      In  this  case  we  miL^  disttn(;u!>ti  according  to  the  strfngth  of  the 

billiv  ia  dectroionu*.    R.  poUrtfing  current:      (I)  When  the  current  is  verv  wftik^  which   can  l>c 

«on  'L.ll'(«S!5ulj  u"S;  oUnined  with  the  aid  of  the  rheocord  (  Fig.  379\'on  closing  the  polar- 

pticj.  iztng  current,  there  is  an  incrtait  of  tne  contraction  produced  lir  t^li. 

(3)   If,  however,  the  current  is  slran^tr,  the  Conlractiotts  become  rilber 

smaller  or  ccosc      lliis  is  due  to  the  fact  tliat  with  strong  current*  the  conductivity  of  the  nodes  is 

dimini<ihc<i  or  even  abolislicd  (p.  615).     Although  the  salt  acts  on  the  excitable  nerve,  there  is  no 

contraction  of  the  muscle,  as  the  conduction  of  sn  impulse  is  prevented  by  the  revislance  in  the 

nerve. 

The  law  of  clectrotonus  may  also  be  demonstrated  on  a  completely  isolated  nerve.  The 
cad  of  the  nerve  is  properly  disposed  upon  electrodes  connected  with  a  galvanometer,  so  as  to  otlaiii 
a  J/r^-ffi^  current.  If  the  nene,  when  the  constant  current  is  closed,  is  stimulated  in  the  anelcctro- 
tonic  area,  e.g.,  by  nn  induciion  shock,  then  the  ne^ntivt  I'/tn'afion  is  w^akfr  ihart  when  the  polar- 
izing circuit  was  open.  Coiivencly,  it  is  slrouj^cr  when  it  is  Minmlntcd  in  the  calhclectrutoaic  area. 
The  currents  from  the  exira-polar  areas  of  a  nerve  in  a  condition  of  elcctrotonus,  cxhibii  the  negative 
variation  when  the  nerve  is  siimuloicd  (^BtmitdH). 
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[Tigentedt,  insteitd  of  employing  sux  electrical  or  chemical  stimaltts  to  excite  the  electrotonic 
l^erve,  used  an  apparatus  like  Hridcnhain's  titanciucter,  whereby  the  nerve  was  bcaleti  gently  with 
■  small  ivory  hammer,     lie  fully  continue  PllU^er's  results.] 

Proof  in  Mmn. — In  performing  this  experimeni  it  is  importani  to  reinemt>er  the  distribution  of 
phc  corrcni  in  the  body.  If  both  elcctrodta,  for  example,  be  placed  over  the  course  of  the  ulaar 
nerve  (Kig.  410),  (lie  currents  entering  the  nerve  at  the  anode  (-f-  a  a)  mu.vl  diminish  the  cxcituliility  ; 
Dniy  above  and  t)«Iow  the  anode  (at  r  r)  the  positive  current  emer[;es  from  the  nerve  and  excites 
CKtbclectrotonus  at  tlie^e  jxjints.  Similarly,  uherc  the  csthode  is  applied  ( —  c  c)  there  is  increased 
Cscitabilily,  but  in  higher  and  lower  parts  of  the  nerve,  where  (at  a  a)  the  positive  current  (coming 
froai  +)  enters  the  nerve,  the  excitability  is  diminished  (anclectrotonus)  {v.  Htlmholtz,  Erh).  If 
|»rc  desire  to  aimulalc  in  the  neight»orhood  of  oii  electrode,  then  we  canofrt  act  uixm  that  [wrl  of  the 
Bcrve  whose  excitaljilily  is  influenced  by  the  electrode.  In  order,  therefore,  to  stimulate  directly  the 
■ame  point  on  which  the  electrode  acts,  it  is  necessary  to  apply  the  stimulus  at  the  same  time  liy  the 
ielectrode  itself,  e.g.^  either  mechnnicnlly  or  by  conducting  the   stimiilnting  current  through  the 


%>olanzing  current  \  IVaVfr  and  dt  IVaitfAlle). 
'   II.  Proof  of  El 


Electrotonus  in  Sensory  Nerves. — Isolotc  the  sciatic  nerve  of  a  decapitated 
)frog.  When  thii>  nerve  is  stunubt^l  in  iis  course  with  a  salurated  solution  of  common  salt,  rtfltx 
jmsnvmmd  are  excited  in  the  other  leg,  the  spinal  cord  being  intact.  The^t  disappear  as  soon  as  a 
'Constant  current  is  applied  to  the  nerve,  provided  the  salt  lies  in  the  onrlcctroionic  area  {Pfiugfr 
■pni^  Zurhfl/f,  HalUtin). 

111.  Proof  of  Electrotonus  in  Inhibitory  Nerves. — To  show  this,  proceed  thus  :  On  causing 

yspncea  m  a  rabbit,  the  numljcr  of  heart  bents  i&  diminished,  owing  to  the  action  of  the  dyspnmic 

'  on  the  cardio-inhibitor>-  centre  in  the  medulla  oblongata.     If,  after  dividing  the  vagus  on  one 

Fio.  410. 


m 


Scheme  of  the  diftrlbutloo  of  an  electrical  current  in  the  nerve  on  (alvaBlfinc  the  ulnar  oerve. 

idc,  a  constant  descending  ctirrtnt  be  passed  through  the  other  intact  vagus,  the  number  of  pulse 
beats  is  ngnin  decreased  (descending  extra  polar  anelectrotonus).  If.  however,  the  current  through 
Ihe  nerve  be  an  ascending  one,  then  with  -weak  currents  the  number  of  heart  beats  increases  still 
^ore  (ascending  rxtra-poUr  cathelectrotonus).  Hence,  the  action  of  inhibitory  nerves  in  electrotonus 
Ss  the  opposite  of  that  in  motor  ncr>*es. 

During  the  electrotonus  of  muscle,  the  excitability  of  the  infra-polar  "poriion  is 
ftllered.  The  delay  in  the  conduction  is  confined  to  this  area  alone  {v.  BezoM) — 
■comiJarc  §  337,  i. 

/336.  ELECTROTONUS— LAW  OF   CONTRACTION.— Opening.^ 
and  Closing  Shocks. — \  nerve  is  stimulated  both  at  the  moment  of  the  occur- 
ren<.e  and  that  of  dis;ippearance  of  electrotonus  (t\  r.,  by  closing  and  opening  the 
current — RitUr) :  (1  )^hen  the  current  is  clo3e4.  the  stimulation  occurs  only  at  ^ 
the  cathode-  /'.  f>%  at  the  moment  when  the  electrotonus  takes  place. ^  (2)  When  -^ 
the  current  is  opc^ned.  stiitiulation  occurs  only  at  the  anode.  /,  e.,  at  the  moment 
when  the  electrotonus  disappears.     [This  is  PflUger's  well-known  principle — "^ 
^p'l'ftt  tract  of  nert'C  is  slimuhiteii  by  the  af>pfarance  of  catheh'^trototms  a  mi  the  *iis-  v 
\appearanee  of  aneUctrotonus — not,  hmvever,  Ity  the  disappearame  a/  ^athe/ectrotonm  ~ 
ncr  by  the  appearance  iif  anelcclfi^tamLS.**     From  this  principle  can  be  deduced  the 
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^-  law  of  contraction.]  "^(3)  The  stimulation  at  the  occurrence  of  cathelectrotOBUi  j 

stronger  than  that  at  the  disappearance  of  anelectrotonus  {Pfliljcrr), 

\ ..  Ritter'a  Opeoing  Tetanus-^That  stimulntion  occurs  only  at  the  anode,  whm  ihe  cnrrvikt  1 
[■^{K'ncil,  was  proved  by  PflUger  hy  means  of  "  Killu's  u[iening  letanu*.**  Kilter's  tetanus  cnnu 
lhi«,  that  when  a  constant  ciirrrnl  i>  paucd  for  a  long  time  through  a.  long  Mrctch  of  nerve,  on  i 
iiig  the  current,  tetanui  lasting  fur  a  consitjcrabic  time  results.  If  the  cutrctit  wav  tt  dcacendinK  one. 
then  thi<i  tetanus  ceases  at  once  after  seclijn  uf  the  intra-|>olar  area,  b  prouf  lliat  the  lctaini%  roMdCed 
from  the  now  &c]}ar2ted  anode.  If  the  current  was  an  ascending  one,  section  of  tbe  nerve  hu  bft 
effect  on  the  tetanus. 

PllUger  ami  v.  Uez^kl  found  a  further  proof  thai  the  ihiing  or  makt  enntrtKtion  /^nv^w^/VvM  At 
•  CitthaUrt  anJ  thf  optnini;  or  break  corttr.ictian  from  the  attii/e,  by  showing  ihnt  m  tth  a  JtSSSBdiW 
cnrrenl.  the  clofcing  controction  in  the  mu*cle.  at  the  moment  of  clotting  occurred      ■  -  -  -    --KiJr  tW 
opening  coniractioii  at  the  moment  of  opening  occurred  Alter  ;  nnd,  conversely,  •*  cjcidifiC 

current  the  closing  contraction  occurred  Igigr.  and  the  ojicning  cooiractloD  tooncr  n* 

in  time  corresponds  to  the  time  rciuircdfor  the  propagation  of  the  puUe  in  ihc  intra-iMili 
U  Jt37)-  ^^  0  l^rgc  part  of  ilie  inira-polar  region  m  a  frog's  nerve  be  rendered  incjicitable  li] 
ing  ammonia  to  it,  then  only  the  electrode  next  the  muscle  simulates,  1.  ^..  always  on  c>i 
making  a  descending  current  and  on  opening  or  breaking  an  ascending  one  \BiettrrmaMn). 

A.  The  law  of  contraction  is  valid  for  all  kinds  of  nerves — I.  The  conir 
lion  occurrinpf  at  the  closing  or  opening  of  a  constant  current  varies  with  (a) 
direction  {P/af),  and  {i>)  the  strength  of  the  current  {Jfeiiienhain'). 

CO  Very  feeble  currents,  in  conformity  with  the   third  of  ibc  above  stab 
mcnis,  cause  only  a  closing  contraction,  buth  with  an  ascending  and  a  descec 
ing  current.     The  disappearance  of  electrotonus  is  so  feeble  a  stimulus  as  not 
excite  the  nerve, 

(2)  Medium  currents  cause  opening  or   closing  contractions  lx>th  with 
ascending  and  descending  current. 

(3)  Very  strong  currents  cause  only  a  closing  contraction  with  a  descrmJi^ 
current ;   the  opening  shock  does  not  occur,  because,  with  very  strong  currcol 
almost  the  whole  of  the  intra-polar  portion  of  the  elecirotonic  nerve  is  inc 
of  conducting  an  impulse  (p.   615).     AsceruUng  currents  cause  only  an 
contraction  for  the  same  reason.     With  a  certain  sla'ngth  of  current,  the  tmi 
remains  tetanic  while  the  current  is  closed  {'*  closing  tetanus**).' 

[The  iatu  of  contraction  is  formulated :  R  =  rest ;  C  •=■  contraction.] 


Slr«ii£lh  of  Current. 

A«ccndiii(, 
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II,  In  a  dying  nerve,  losing  its  excitability,  lu^cording  to  the 

(§  3»5t  7)i  'he  law  of  contraction  is  modi^ed.     In  the  stage  of  incr 
bility,  W€ak  currents  cause  only  closing  contractions  with  both  directions 
current.     In  the  following  stage,  when  the  excitability  begins  to  diminish,  we 
currents  cause  opening  and  closing  contractions  with  both  currents.      Lastly,  whc 
the  excitability  is  very  greatly  diminished,  the  descending  current  is  followed  only  I 
a  closing  contraction,  and  the  ascending  by  an  opening  contraction  iJiitt^,  iBt<^\ 

III.  As  the  various  clianges  in  excitability  occur  in  acentrifugat  direction  alon 
the  ncr>'e,  we  may  detect  the  various  stages  simultaneously  at  different  parts  alon 
the  course  of  the  nerve.  According  to  Valentin  and  Fick.  the  living  intact  Dcr 
shows  only  a  closing  contraction  with  both  directions  of  the  current,  and  openic 
contractions  only  with  very  strong  currents. 

Flcischl's  Law  of  Contraction. — v.  Flctschl  and  Strieker  luvc  staled  a  diOcreat  law.  la 
respect  to  the  fact,  that  the  excitability  varies  at  certain  points  in  the  coanw  of  a  ncnx.  The  »ciali< 
nerve  is  divider!  into  three  aretu :    (I )  Stretches  from  the  muscle  to  the  place  where  the  hra&ches  Um 


I 
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le  thigh  muscles  are  given  off;  (z)  from  here  to  the  intervertehral  ganglion;  (3)  from  here  into  the 
spinal  cord.  Each  of  ihese  Ihrcc  areas  codsiws  of  i«o  ports  ("upper  and  lower  pole"),  which  ndjoin 
each  other  oi  an  equator.  In  each  upper  i>oIe,  the  excitability  of  the  nerve  U  greater  for  descending 
cunrnts,  and  in  each  lower  pole  for  ascendinK  ones.  At  each  equator  the  excilabilily  of  the  nerve 
is  the  ume  for  ascending  and  de^iccnding  currents.  The  diHerencc  In  the  activity,  due  to  the  direc- 
tion of  the  Current,  is  (p-ealer  for  each  slrclch  of  nerve  the  greater  thi^  strt-lch  is  di^ant  from  the 
equator.     The  excitability  is  less  at  ihose  points  of  the  nerve  where  the  three  are.is  join  each  other. 

Eckhard  observed  that,  on  opcnini;  an  ascending  medium  current  applied  la  the  hypoglossal  nerve 
of  a  rabbit,  one-half  of  the  tongue  exhibited  a  ftrmi/inx  movement  inMcarl  of  a  contraction,  while 
on  closing  a  descending  cuitent,  the  same  rcfrult  occurn^  1 1  297,3V  According  to  PdUger,  the 
molecules  of  the  passive  nerve  art;  in  a  certain  nlate  of  medium  moUHty.  In  catheleclrotonus  the 
mobjlit)'  of  the  molecules  is  iucreo&ed,  iu  uiielectrotonus  diminished. 

B.  The  law  for  inhibitory  nerves  is  similar.  Moleschott,  v.  Bezold,  and 
Donders  have  found  similar  results  for  the  vagus,  with  this  difference,  that, 
instead  of  the  contraction  of  a  muscle,  there  is  inhibition  of  the  heart, 

C.  For  sensory  nerves  also  the  result  is  the  same,  but  we  roust  remember  that 
tht?  perceptive  organ  lies  at  the  central  end  of  iht  nerve,  while  in  a  motor  nerve 
it  is  at  the  periphery  (muscle).  Pfliiger  studied  the  effect  of  closing  and  opening 
a  current  on  sensory  nerves  by  observing  the  reflex  movement  which  resulted. 

UVtf-t  currents  cause  only  closing  contractions  ;  medium  currents  both  opening  and 
closing  contractions  ;  strong  descending  currents  only  opening  contractions  ;  and 
ascending  only  closing  contractions.  Weak  currents  applied  to  the  hutnan  skin 
cause  a  sensation  with  both  directions  of  the  current  only  at  dosing  ;  strong 
dfSiending  currents  a  sensation  only  at  opening;  strong  ascending  currents  a 
sensation  only  at  closing  {Marianini,  Matteucci).  When  the  current  is  closed, 
there  is  prickly  feeling,  which  increases  with  the  strength  of  the  current  {VoUa), 
Analogous  phenomena  have  been  observed  in  the  sense  organs  (sensations  of 
light  and  sound  by  Volta  and  Rilter). 

D.  In  muscle,  the  law  of  contraction  is  proved  thus:  by  fixing  one  end  of 
the  muscle,  keeping  it  tense,  so  that  it  cannot  shorten,  and  opening  and  closing 
the  current  at  this  end.  The  end  of  the  muscle  which  is  free  to  move,  shows  the 
same  law  of  contraction  as  if  the  motor  nerve  were  stimulated  {t\  BezoU).  On 
closing  the  current,  the  contraction  begins  at  the  cathode;  on  opening,  at  the 
anode  (Enge/mann).  E.  Hering  and  Riedermann  showed  more  clearly  that  both 
the  closing  and  ojwning  contractions  are  purely  polar  effects  ;  when  a  7veak  current 
applied  to  a  muscle  is  dosed,  the  first  effect  is  a  small  contraction  limited  to  the 
cathodic  surface  of  the  muscle.  Increase  of  the  current  causes  increased  contraction 
which  extends  to  the  anode,  but  w  hich  is  weaker  there  than  at  the  cathode  ;  at  the 
same  time,  the  muscle  remains  contracted  A\xx\x\^  the  time  the  current  is  closed.  On 
opening^ihe  contraction  begins  at  the  anode;  even  after  opening,  the  muscle  for  a  time 
may  remain  contracted,  which  ceases  on  closing  the  current  in  the  same  direction. 

By  killing  the  end  of  a  muscle  in  various  ways,  the  excitability  is  diminished  near  this  pari. 
Hence,  al  such  a  place  the  polar  action  is  feeble  {van  Locn  ami  Jin^elmann,  Biidermann). 
Touching  a  part  with  extract  of  iksh,  potash,  or  alcohol  diminishes  locally  the  polar  action,  while 
wda  salts  and  vcroirin  Increase  ii  {Bifdermnnn). 

Closing  Continued  Contraction. — The  moderate  continued  contraction,  which  is  sometimes 
ohferved  in  a  muscle  while  the  current  is  clo'ieil  (Fig.  329.  O),  depend^  upon  the  abnormal  pro> 
loogfttion  of  the  closing  conirnciion  al  llic  cathode  when  a  strong  stimulu<>  is  used,  or  during  the 
Mage  of  dying,  or  in  cooled  winter  frogs;  sometimes  the  opening  of  the  current  is  accompanied  by 
a  similar  contraction  proceeding  from  the  onode  BifJerntann).  This  tetanus  is  also  due  to  the 
summation  of  a.  scries  of  simple  contractions  (Jl  298,  III).  By  acting  nn  a  muscle  with  a  2  per 
cent,  valine  solution  containing  sodic  carbonate,  the  duration  of  tJie  contraction  is  incieased  coDsiner- 
ably,  and  occasionally  the  muscle  shortens  rhythmically  (^  396)  {ffui/emtantt). 

If  the  whole  muscle  is  placed  in  the  circuit,  the  closing  contraction  is  strongest 
with  both  directions  of  the  current ;.  during  the  lime  the  current  is  closed,  a  con- 
tinued contraction  is  strongest  when  the  current  is  ascending  (  IVundt). 

Inhibitory  Action. — The  constant  current,  when  applied  to  a  muscle  in  a 
condition  of  continued  and  sustained  contmction,  has  exactly  the  opposite  effect 
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to  that  on  a  relaxed  muscle.     If  a  conslaiu  current  be  applied  by  mcaofi  of 

polari^able  electrodes  to  a  muscle  in  a  stale  of  continued  contraction,  f.g^t  af 
poisoning  with  veralrin  or  through  the  contracted  ventricle,  when  the  i.urrcot 
closed,  there  is  a  relaxation  beginning  at  the  anode  and  extending  to  ihc  oti: 
pirts;    on  opening  the  current  applied  to  muscle  in  continued  contractioDr 
relaxation  precedes  from  the  caihode. 

Corresponding  to  this  remarkablr  phenomenon,  Bicdeonanti  founil  2s  regaidi  the  curreoti  in  I 
muacle  substance  following  the  ordinot)'  law,  tliai  every  crmtracicl  pan  is  negative  to  cveiy  pai 
aedion  of  the  miiicle.     Perhaps  the  cxperimenl  of  Pawlow,  who  found  nerve  fit^res  in  the  «ada 
muscle  of  ihe  mussel,  whose  atinialation  caused  relaxation  of  the  mutcular  coalraction,  majr  Ik 
some  light  on  this  question. 

Rittcr's  Opening  Tetanus. — If  a  nerve  or  muscle  be  traversed  by  a  conttuit 
current  for  some  tune,  we  often  obtain  a  prolonged  tetanus,  after  oj>ening  the 
current  (Ritter's  opening  tetanus,  1798).  It  is  set  aside  by  closing  tlie  onginal 
current,  while  closing  a  current  in  the  opjKwite  direction  increases  it  t,"  Volla's 
alternative").  The  continued  pnssage  of  the  current  increases  the  excitability 
for  the  ojiening  of  the  current  in  the  same  direction,  and  for  the  closing  of 
reverse  current;  conversely,  it  diminishes  it  for  the  closing  of  the  current  in^lfc 
same  direction,  and  for  (he  opening  of  the  reverse  current  (  Voita). 

According  to  GrOuner  and  Ti^crstedt,  the  cause  of  th£  opening  contraction  is  partly  dvc  to  Ae 
occurrence  of  polarizing  after  currents  {\  333),  and  according  to  HcmuuiQ  to  a  dimiotitioa  of  dw 
■nodic  positive  polarization. 

KngelmannandGriinhngcn  pxpliin  the  occurrence  of  opening  and  closing  tetanus,  thus,  ■«  due  10 
latrnl  stimulations,  dryinjj,  vari.ition8  of  the  tern  per  aturi,*  of  the  prepared  nerve,  which  of  themiclvci 
are  luu  fcclile  to  cause  tetanus,  but  which  become  effective  if  an  incrca^d  excitability  obtaiiw  al  (bv 
cathode  after  closure,  and  at  the  anode  after  opening  the  current. 

Biedermann  showed  that,  under  certain  conditions,  two  successive  opening  contractions  caft  bt 
obtained  in   a  frog's  nerve-muscle  preparation,  the  second  and  later  one  corresponding  to  Kill 
tetanus.     The  first  of  these  contracitoni  is  due  to  the  disappearance  of  anelectroionu^  in  FfHlge 
bcnsc;  the  &c;uiid  Is  explained,  like  RitterN  ajKuint;  telanuA,  in  Fngclmknii  and  tirUnha^en's  : 

Simultaneous  action  of  the  constant  current  and  the  nerve  current. — Action  of  two 
currents.     In  a  nerve-muscle  preparation  uwrd  to  prove  the  law  of  contraction,  of  coune 
cation  current  is  developed  in  the  nerve  \\  334,  11).     If  an  anihcial  weak  siinmlating  1 
applied  to  such  a  nerve,  we  obtnin  an  intei'crcnce  cflict  doe  to  these  two  currents ;  do 
coiistant  current  causes  a  controciion,  which,  liowcvcr,  is  not  properly  a  closing  conlrac 
depends  upon  the  opening  (or  derivation)  of  a  branch  of  the  demarcaiton  current;  convc 
opening  of  a  weak  constant  current  may  excite  a  contraction,  which  is  really  due  to  iHe  1 
a  side  branch  of  the  nerve  current,  in  a  secondary  circuit  through  the  electrodes  {titrim^^  Sin 
mann,  CruHner). 

If  two  induction  ahockt  be  simultaneouily  applied  tn  a  motor  nerve,  two  ca«e«  arc  povob 
Either  the  one  shock  is  so  feeble  that  the  nerve  is  not  thereby  sufficiently  excited  to  cause  «  cooiraft^ 
tlon,  while  the  nllicr  shock  causes  only  a  feeble  conlraction.     In  this  ca.'^,  the  sub  matiraal  «ho<,I' 
ptay»  the  part  of  a  weak  constant  current,  and  the  Use  of  the  contraction  dr{>ends  only  u(M>n  wbcdwr 
the  effective  suroulus  was  applied  in  the  area  of  the  anode  or  the  cathode  of  the  sub-maximal  < 
{Smtt/l,  Griinhagen,  Werif^ii),     If,  however,  unequal,  stror^  in<luciiun  iliocks,  eacli  of  which  ''. 
effective — but  separated  from  each  other  on  account  of  the  elccirolonic  action— be  applied 
nerve,  then  the  result  is  as  if  the  sironger  alone  was  active.     The  feebler  wave  of  exciuuioa  paacs 
completely  into  the  sironger  one  {GrFinhngen,  it'en\'a). 

337,  TRANSMISSION  OF  NERVOUS  IMPULSES.— i.  If  a  motor 

nerve  be  stimulated  at  its  central  end  Ct)  a  condition  of  excitation  is  set  qfl 
and  (3)  an  imptilsc  is  transinitted  along  the  tiervc  to  the  inuMrlc  with  a  i"cr 
velocity.     The  latter  depends  on  the  former  and  represents  the  function  of  col 
ductivity.     The   velocity   is  about    27^'   metres   [about    90    fet-l]   per   wrcc 
(jK  Hflmholtz),  and  for  the  human  motor  nerves  33.9  [too  to  lao  feet  per  sccc 
\v.  Hflmhoitz  ami  Baxt).  -^f^^ 

The  velocity  is  less  in  ihe  visceral   nerves,  e.^.,  in  the  pharyngeal  branches  of  the  vagM  SJ 
metres  [26  feel]  {ChaMvtau) ;  in  the  motor  nerves  of  the  lobster  6  mctm  [iS  feci]  (ArMfrwy  < 
van  tie  VitJeS. 

Modifying  Conditions. — The  velocity  is  influenced  by  various  conditioa 
TfmpfnUure. — It  is  lessened  considerably  by  cold  (r.  Helmhoili),  but  both  high 
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and  low  teraperaturcs  of  the  nerve  (above  or  below  15°  to  25°  C. )  lessen  it  {Sfeintr 
ant/  TroJ/zky) ;  also  ^-wz-dra,  the  ekctratonu  contiition{v.  Bfzold)  \  or  nnly  anelcciro- 
tonus,  while  cathelectrotonus  increases  it  {  Rutherford^  Sl'ufn//).  It  varies  also  with 
the  length  of  the  conducting  nerve,  but  it  increases  with  the  strength  of  the  stimulus 
i^».  HtimhcUs  and  Baxt)^  although  not  at  first  {v,  VifUsthgau). 

Methods. — 1.  v.  Hclmholti!  (1850)  entimaled  the  velocity  of  the  nerve  imp«l&e  in  a  frog's  motor 
nerve  after  ihe  method  of  I'ouillrt.  Tbe  method  depends  upon  ihe  fact  ihaL  the  needie  of  a  gal- 
■vanotncter   i>  dcflrcled   by  ti  current  of 

■v«ry  short  duration,  the  exieni  of  ihe  Fig.  411. 

<lcAeciioa    Ltrtng     proportional    lo    Ihe 
^duration   and  strengili  of  the  current. 
I  be  apparatus  is  so  arranged  thai  the 
'••time-marking  current"    is    closed  at  nk  N 

Ibe    moment   the  nerve  is   MtmuUtcd,  a 

and  o[>cned  again  when  the  mu•^;le 
contracts.  If  the  nerve  attached  to  a 
mu&cle  Lkt  now  stimulated  at  the  further 
point  from  the  muscle,  and  a  second 
Ume  near  its  entrance  to  the  n)U6cle, 
then  in  the  Ixllcr  ca»o  the  lime  btrtwern 
the  application  of  the  stimulus  and  the 
be^nning   of   the   contraction   of   the 

muscle,  t.f..  the  dtfleclion  of  the  g.i]-         /        y^  ^   \{ 

raaonieter,  will  be  te^s  than  in  ihc 
former  case,  as  the  impulse  has  to 
traverse  the  whole  leuyth  of  the  nerve 

^lo  reach  the  muscle.  The  difference 
between  the  two  times  is  the  time  re- 
quited by  the  impulse  to  Iravtrsc  a 
given  distance  of  nerve.  Fig.  411 
ibo«'s  in  n  diogriunmatic  manner  the 
amngement  of  the  eiperimenl.  The 
(it/vatt,^mf/fr,0,  is  placed  in  the  time- 
marking  circuit  (open  at  ftr^),  a,  h 
felement),  c  (piece  of  platinum  on  a 
key,  W),  intitxiuced  into  the  lime- 
marking  circuit,  d,  <",/,  h.  The  circuit  is  nuide  by  closing  the  key,  S,  when  d  depresses  the  platinum 
plate  of  the  ttey,  VV.  At  once  when  the  current  is  closed,  the  magnetic  needle  is  deflected,  and  its 
extent  noted.  At  the  same  moment  in  which  the  current  between  £  and  d  is  closed,  the  primary 
circuit    of    Ihe    indiution    machine   is 

o[)ened.  the  circuit  being  /,  k,  I  (ele-  Fig,  413. 

mem),  «f,0  (primary- spiral),/.  There- 
by an  oJ>entng  ihofk  i%  inducts!  in  ihe 
secondary  cpiral,  R,  which  stimulates 
the  nerve  of  the  fiog's  teg  at  n.  Thu^i, 
the  doetng  of  the  galvanometer  circuit 
exactly  coincides  with  the  stimulation 
of  the  nerve.  The  impulse  is  propa- 
gated through  the  nerve  to  the  muscle, 
Si,  and  the  latter  contracts  when  the 
impulse  reaches  it,  at  the  %ame  time 
opening  the  time-measuring  circuit  at 
the  double  conlatt,  t  and  /.  by  raising 
the  lever,  II,  which  mutes  on  x.  M 
the  monteni  of  opening,  the  further  de- 
flection of  the  magnetic  needle  ceases. 
Tbe  contact  at  f  is  made  by  a  pointed 
cupola  of  mercury.  When  the  lever,!!, 
falls  after  the  contact  of  ihe  muscle,  so 
Uuu  the   point,  e.  comes   into   contact  ^'**,""  ^'^  ma.»unng  t^e  rcl 

■.i_    .1  It-  J.- I     1    .  1  femur;  •>»,  nit:kcle  ;  ft,  opt< 

With  the  undcrlyin;;  W(./ plate,  y^  the         oiuuior;  ll.sccoudary ;  I, 
Contact   al  f  still    remains   ii[>cn,  i.e., 
ihroogh  the  galvanometer  circuiL     If 
the  nerve  be  itiimulaied  with  the  opening  shock,  first  al  n,aiid  then  at  N.thedetlection  of  the  needle 
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V.  Uelniliulu't  mcdwLlof  cMimating  the  velocity  of  a  ncrrc  pulse. 


^^^^^  all  ,'t'^ 


cme  for  raea*unng  tlie  relucity  of  iicrve  energy.  /.  clunip  for 
femur  ;  m,  mt:kcle  ;  N,  nrrvc  ;  a,  iteut,  (•,  removed  from,  C.  cotn- 
DLutalor:  lI,secoudary  ;  I.pTtoury  ipiral  of  induction  oiiicliine ; 
D.  baltery  :  i,  a,  key  ;  j,  loolh  i>n  the  smoked  plaic,  P. 


622       METHOD  OF  ESTIMATtNG   RAPIDITY   OF   A   NERVE   IMPULSE. 

U  greater  in  the  former  than  in  Che  latter  case.     From  the  difTcrence  we  calculate  the  lime  for  ibe 
conduction  of  the  impulse  in  the  strolcb  of  the  nerve  between  jk  wid  N. 

[2.  A  simpler  method  is  that  shown  in  the  scheme,  Fig.  412.  Use  a  pendulum 
or  spring  myograph  (Fig.  323),  and  suspend  in  a  suitable  tiianner  a  frog's  gab- 
trocneraius  (m),  with  a  long  portion  of  the  sciatic  nerve  (N)  dissected  out,  by  fixing 
the  femur  in  a  clamp  (/),  while  the  tendo-Achilles  is  fixed  to  a  lever,  which 
inscribes  its  movements  on  the  smoked  glass  plate  (P)  of  the  myograph  ;  place  the 
key  of  the  myograph  (2)  in  the  circuit  with  the  battery  (II),  and  the  primary  cir- 
cuit of  the  induction  machine  (1).  To  the  secondar>'  coil  (II)  attach  two  wires, 
and  connect  them  with  a  covnmutaXov  wi/fu^ut  cross  Pars  (C).  Connect  the  other 
binding  screws  of  the  comimitator  with  two  pairs  of  wires,  arranged  so  that  one 
pair  can  stimulate  the  nerve  near  the  muscle  (a),  and  the  other  at  a  distance  from 
it  (*).  When  the  glass  plate  fiies  from  one  side  to  the  other,  the  tooth  (3)  on  its 
framework  opens  the  key  (2)  in  the  primary  circuit ;  and  if  the  commutator  be  in 
the  position  indicated,  then  the  induced  current  will  stimulate  the  ner^'c  at  a,  and 
a  curve  will  be  obtained  on  the  glass  plate.  Rearrange  the  pendulum  as  before, 
but  turn  the  handle  of  the  commutator,  and  allow  the  glass  plate  to  fly  again. 
This  time  the  induced  current  will  stimulate  the  neri'e  at  ^,  and  a  second  con- 
traction, a  iitHe  later  than  the  first  one,  will  be  obtained.  Register  the  velocity  of 
the  glass  plate  by  means  of  a  tuning  fork,  and  the  curve  obtained  will  be  something 
like  Fig.  413,  although  this  curve  was  obtained  on  a  cj  Under  traveling  at  a  uniform 

Fig.  413. 


i(  cum  obtained  on  MltiLulAtfttg  a  i)uv«  (m^tn)  near  th«  musck;  9,  when  the  st'rmuliu  wju  applied  t')  the  DerveaL  t 
diMmncc  Iron  the  muKle ;  D,  vlbimtiMU  of  k  uining  fork  (ajo  per  iKoad). 

rate.  The  difference  between  the  beginning  of  the  a  and  b  cunes  indicates  the 
time  that  the  nerve  impulse  took  to  travel  from  b  to  a.  This  lime  is  measured  by 
the  tuning  fork,  and  if  the  distance  between  the  points  a  and  b  is  known,  then  the 
calculation  is  a  simple  one.  Suppose  the  stretch  of  nerve  between  a  and  ^  to  be  2 
inches,  and  the  time  required  by  the  impulse  to  travel  from  <«  to  ^  to  be  ^^  second. 
then  we  have  the  simple  calculation — a  inches  :  12  inches  ::  y^"  :  ^\  or  80 
feet  per  second.  In  Fig.  413  the  experiment  was  made  on  man  ;  the  curve  i  was 
obtained  by  stimulating  the  nerve  near  the  muscle,  and  2  when  the  nerve  was 
stimulated  at  a  distance  of  30  centimetres.  The  inter\al  between  the  vertical  lines 
corres|)onds  to  1-^  second,  /.  <?.,  the  time  required  by  the  nerve  impulse  to  pass 
along  30  centimetres  of  nerve,  which  is  equal  to  a  velocity  of  30  metres  (90  feett 
per  second.] 

Ii^  iip*D.  V.  Helmlioltz  and  Baxt  esliinatcd  the  velocily  of  che  impulse  in  the  mtdian  ner^'f  by 
CAUsitig  the  muscles  of  the  ball  of  the  thumb  to  write  off  their  contractions  on  a  rapidly  re^-olTirif* 
cylinder,  [In  this  case  the  "  pince  myograjthifjuc  "  of  Marey  may  he  used  \\  708).  The  cnils  of 
the  ptiice  are  applied  so  a»  to  embrace  the  ball  of  the  thumb,  so  that  when  the  muscles  contract,  the 
increase  in  thiciness  of  the  muscles  exixinds  the  pince,  which  acts  on  a  Marey's  tamliour,  by  which 
(he  moveracnl  i^  ininsmitied  to  nnother  tambour  provided  with  a  wriiing  ?<ylc,  and  inscritiing  \\* 
morenicnts  U|>ou  a  rapidly  moving  surface,  either  rotatory  or  swinging.]  Tlie  ncr^-e  is  slitnulaieiS  at 
one  time  in  the  anilln  and  again  nt  the  vrrisl.  Two  cur^-es  are  obtained,  which,  of  courw,  do  ttot 
begin  at  the  some  time,     llie  difference  in  lime  beCween  the  beginning  of  the  two  curves  15  the  lime 
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taken  by  Ihe  impulse  lo  traverse  the  above-mentioned  length  of  nerve.  [The  lime  it  easily  ascer- 
taiced  b)' causing  a  tuning  fork  of  a  known  rate  of  vibration  to  write  its  movements  under  the 
curves.] 

3.  In  the  sensory  nerves  of  man,  the  velocity  of  tlie  impulse  is  ]>robabIy 
about  the  same  as  in  motor  nerves.  The  rales  given  vary  between  041030  metres 
£280  to  90  feet]  per  second  {v.  Helmholtz). 

Method. — Two  points  nre  chosen  ns  far  apart  as  possible,  and  at  ancqual  dUtanccs  from  the  ttmin, 
and  they  ore  successively  cxcile<]  by  a  raonicntiiry  stimulus,  t.  g.^  an  opening  induction  shock  applied 
successively  to  the  tip  of  llic  ear  and  the  great  toe.  The  moment  of  the  nji|iUcatiDn  of  ihc  stimulus 
U  indicated  on  the  registering  surface.  'ITie  perM)n  cxpcrimeiiied  on  is  provuJcd  with  a  key  attached 
to  on  electric  arrangement,  by  which  he  can  mark  on  the  legiblcrtng  Mirface  the  muuient  he  feels  the 
sensation  in  each  cok. 

Reaction  Time. — The  time  which  elapset  between  the  iqiplication  of  the  stimulus  and  the  xeac- 
lion  i5  called  ihe  *'  rtiu-fion  time"  It  is  maiie  up  of  the  time  necessary  for  conduction  in  the  sensory 
ner*e.  that  for  the  procew  of  perception  in  the  brain,  for  the  conduction  in  the  inolur  nerve*  lo  ihc 
rausclrs,  \iy  which  the  signs  on  the  registering  surface  were  made,  and  lastly  by  the  latent  period  (p. 
528).     'llie  reaction  time  is  usually  about  0.125  ^o  0.2  second  (J  374). 

Pathological- — The  comluction  in  the  cutaneous  ner\-es  is  sometimes  greatly  deJ-tyeit^  in  nltera- 
tioos  of  the  cutaneous  sensibility,  in  certain  diseases  of  the  spinal  cord  (g  364).  The  stnsalion  itself 
may  be  unchanged.  Somctimn  only  the  coiuluciion  for  painful  impressions  is  retarded,  so  that  a 
painful  impression  on  the  <ikin  i»  firvt  perceived  as  a  tactile  sensntion,  and  afterward  asjmin,  or  con- 
versely. When  the  interval  of  time  lietween  these  two  sen.iilion.'t  is  long,  then  there  is  a  distinctly 
double  sensation  \Naunyn).  It  n  rarely  that  voluntar)-  movements  are  executed  much  more  slowly 
from  causes  depending  on  the  motor  nerves,  but  occasionally  the  time  beiwccn  the  voluntary  impulse 
and  the  contraction  is  lengthened,  but  there  may  be  in  addition  slower  ur  Ioniser  continued  contrac- 
tion of  the  muscle.  In  tabes  <lor«alis  or  locomotor  ataxia,  the  discharge  of  refiex  mm'emenis\% 
delayed;  it  is  slower  with  thermal  alimuli  (6o'*J  than  with  cold  ones  (0.52*'  C,  EwalJ). 

338.  DOUBLE    CONDUCTION    IN    NERVES.— Conductivity  is 

that  property  of  a  living  nerve  in  virtue  of  which,  on  the  application  of  a  stimulus, 
it  transmits  an  impu/se.  [The  nature  of  a  nerve  impulse  is  entirely  imknown  ;  we 
nuy  conveniently  term  the  process  nerve  motion,  but  there  is  some  reason  to 
believe  that  nerve  energy  is  transmitted  by  some  sort  of  molecular  viltration.]  The 
cunduciivity  is  destroyed  by  all  influences  or  conditions  which  injure  the  nerve  in  its 
ftfn/i'fftf//)' (section,  ligature,  compression,  destniciion  by  chemical  a^jents) ;  or  which 

^ abolish  the  excitahHiiy  at  any  part  of  its  course  (absolute  deprival  of  blood  ;  certain 
poisons,  >.  jf.,  curara  for  motor  nerves;  also  strong  anelectrotonus,  §  335). 
rLaw  of  Isolated  Conduction. — Conduction  always  takes  filace  only  in  the 
CtShiTnuTty^TTTbres.  the  im])ulsc  ne\er  being  transferred  to  adjoining  nerve  fibres-rMfA""  '^'J 
Double  Conduction.— Although  apiarently  conduction  in  motor  ncr\es  takes  ^ 

place  only  in  a  <V7;/r//«^'tf/ direction  toward  the  muscles,  and  in  sensory  nerves  in  a 
f/«/r//jf/j/ direction,  /.  e..  toward  the  centre  ;  nevertheless,  experiment  has  proved 
that  a  nerve  conducts  an  impulse  in  both  directions,  ju.sl  as  in  a  non-living  conduc- 
tor. If  a  pure  motor  or  sensory  nerve  be  stimulated  in  its  course,  an  impulse  is 
propagated  at  the  same  time  in  a  centrifugal  and  in  a  centripetal  direction.  This  is 
the  phenomenon  of  '  *  doubU  conduction. ' ' 

Proofs. — I.  If  a  nerve  be  stimulated,  its  electro-motive  properties  are 
flflected  b<jlh  above  and  below  the  ]>oint  of  stimulation  (see  Negative  Varintitm  in 
Nenes,  §  332). 

2.  Electrical  Nerves. — If  the  posterior  free  end  of  the  electrical  centrifugal 
nerves  of  the  malapterurtis  l)e  stimulated,  the  branches  given  off  abovt;  the  point  of 
stimulation  arc  also  excited,  so  that  the  whole  electrical  organ  discharges  its  elec- 
tricity {Babuchin,  Mantey). 

3.  Kiihne's  Experiments. — The  sartorius  of  the  frog  has  no  nerve  fibres 
at  its  upper  and  lower  ends.  If  the  lower  end  t>e  cut  off,  and  if  the  lower  third  of 
the  muscle  be  suspended  and  divided  veriirally,  on  stimulating  mechanically  one 
apex  of  the  muscle,  then  the  impulse  passes  in  the  motor  nerves  centri]>etally  to  the 
place  where  the  nerve  fibre  bifurcates  in  the  muscle,  and  from  thence  centrifiigally 
into  the  other  or  non-stimulated  q)ex,  and  causes  it  to  contract. 
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Fui.  414. 


['ilie  Gracilis  of  the  frog  is  divided  into  a  larger  and  smaller  portion  (L)  by  a 

tendinous  inscription  (K)  running  across  it  (Fig.  414).  The  nerve  (N)  enters  at 
the  hilum  in  the  larger  portion,  bifurcates,  and  gives  a  branch  (*t) 
to  the  smaller  portion  and  another  lo  the  larger  portion  of  the 
muscle.  Let  the  muscle  be  cut  as  shown  in  Fijj.  414,  avoiding 
injury  to  the  nenes,  so  that  only  the  nerve  iwig  (i)  connects 
the  larger  and  smaller  portions  of  the  muscle.  If  the  tongue  or 
tip  of  muscle  (Z)  with  its  nerves  be  stimulated,  contraction 
occurs  Ijoih  in  L  and  M,  which  is  due  to  centripetal  conduction 
in  the  motor  ner\'e.  The  nerve  fibres  divide  dichotomously 
above  where  the  nerves  arc  given  off  to  the  portions  L  and  M.] 

[If  the  inscription  be  left,  and  the  lower  tip  of  the  muscle 
(which  is  devoid  of  nerves)  be  stimulated,  only  the  lower  and 
not  the  upi>er  part  twitches;  but  if  a  liarl  of  the  muscle  con- 
taining nerves  common  to  both  parts  be  stimulated,  then  Iwth 
parts  of  the  muscle  contract.     This  also  proves  that  pure  muscu* 

lar  excitation  does  not  travel  backward  from  the  muscle  to  the  nerves.     How  this 

comes  about,  we  are  entirely  ignorant.] 

The  following  experiments  used  to  be  cited  as  proofs,  but  they  do  not  stand  the 

test  of  criticism. 

4.  ynion  of  Mjstpr  and  Sensory  Nervea. — If  the  hyp<^ossal  and  lingual  nerves  be  divided 
in  a  dog,  and  if  the  peripheral  end  of  the  hypoglossal  be  stitched,  so  as  lo  unite  with  the  central  end 

of  the  Ungual  {/^ii^i/fr),  then,  several 


KUhnc**  Gracilis  «• 


Fi.;.4i5. 


Fic.  416. 


u-  -"J 


Vui.  417. 


nionih&  after  the  union  and  restitution 
of  the  nenes,  stimuUtion  of  the  cen- 
tra) end  of  the  lineal  causes  con- 
traction in  the  corrcs|)onding  half  of 
the  (ongtie.  Hence,  11  has  bevtx  as- 
&utned  iTiat  the  llnt;ual,  which  t»  the 
stnsory  nerve  of  the  tonpie,  roust 
Conduct  the  ini[Uilse  in  a  pcri|^cral 
direction  to  the  end  of  the  hypoglos- 
•iul.  This  experiment  is  not  cooclu- 
.sive,  as  the  trunk  of  (he  lingual 
receives  high  up  the  centrifiigal  fibres 
from  ihe  icvenih,  vif..  the  chorda 
lympani,  which  may  aniie  with  thcfw 
of  ihc  by|x>glossal.  Kurilier,  if  the 
chorda  be  divided  and  allowed  to 
degenerate  Iwfore  the  above  dcscrilwd 
rxpcriment  is  made,  then  no  conlrac- 
liun>  occur  on  stiiDuUiiMg  the  lingual 
alHivc  the  point  of  union  ($  549). 

5.  Bert's  Experiment.  —  I'aul 
licTt  tcmoved  the  sWin  from  the  tip  of 
thf  tail  cf  a  rat.  and  Mitched  it  into 
the  iViu  ot  the  back  of  the  aniniol, 
whcrt-  it  united  with  the  tissues. 
After  the  tirst  union  b.id  token  place, 
the  tui]  was  thei)  divided  at  its  ba>e, 
«o  that  ihc  tail,  as  it  were,  grew  out  of 
the  skincntbrhackofthe  anirnal.  Dn 
stimulAting  the  tail,  the  animal  exhib- 
ited signs  of  scnutlion-  For  the  expla- 
nation of  this  experiment,  see  \  335. 

339.  ELECTROTHERAPEUTICS— REACTION  OF    DEGENERATION— dec- 

Inciiy  is  frcqucnlly  f-mployi-*]  fnr  thcrapciiticu!  inirjioses.  (lie  rapidly  intcinipted  citrrphl  of  the 
induction  machine,  or  /\ir<iifu-  lumnt,  being  frc(|Ucnily  used  (especially  since  Duchciinc,  1H47),  the 
ffhigneto  t!eciric»l  opparaluh,  and  the  extra-iurrrnt  apparatus.  The  camtant  or  galvanic  current  is 
al.'M)  used,  especially  since  Remnk's  lioie,  1S5S  {\  330). 

I.  In  paralysis,  Faradtc  currents  arc  applied,  either  to  the  mnitcles  themselves  {DMckemnt)^  or 


Double  apooKe  rhcophorc.        Disk  rhcophorc.       Mcullicbruth, 
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nerve  trunks,  are  to  be  affected,  the  sVio  must  be  well  moistened  and  sortened  by  iponpn;  wtolk 
warm  water,  wlille  ilic  rhetiphorca  are  fLiied  with  spongei  moistened  with  cummon  uU  aad  ' 
which  diminishes  the  resistance  of  the  skin  to  the  passage  of  cleclricily  (Kigi.  4I5~^I7V] 

In  faradiiing  the  parnly/.t:d  niuscle,  the  object  ts  to  cause  artificial  morements  in  it,  and  Unii  i 
vent  the  degeneration  which  it  would  otherwise  underfjn,  merely  from  inaction.     K^  io  f'V'MlWll 
the  motor  nerves,  its  trophic  nerves  arc  alM  paralyicti.  then  a  muscle  fttro[>hies,  notwhli 
the  faradization  (jf  325,  4).     The  use  of  the  induced  cuircnl  also  improves  a  paralyred  inaiclr,  «a  it 
increases  the  blood  stream  ilurough  it,  while  it  oifects  the  metabolism  of  the  muscle  redcxijr.     In 
addition,  weak  currents  may  restore  the  excitability  of  enfeebled  nerves  {!•.  Bttald^  Kn^flmann) . 

The  Figs.  418,  419,  420,  421  indicate  ibe  po&ilions  of  the  motor  points  of  the  cxtrcmibes,  where, 

Fig.  420. 


N  oUuriior..^ 
M.  pcctinaut. 

M.  suJtJiictor  Du^niu.- 
M.  adduci.  loogm. ' 


'  N.  cntralb. 

(Nn.  gUtl.  Mip.). 


M.  quwlriccfM  ttmtonk 
l)[cnenl  ceatre). 

-  M.  rcetua  fcmoriB. 
.  M.  cruniUs. 

>  M.  vastus  cxicruns. 

-  M.  <ra»tui  mt«mut. 


N.  jwroiwut.- 

M.  tibial,  aniic.- 
M.  cxten.  dig.com.  long.- 

M    {MTuneuslnngiu.' 

M.  pcroncmtrrcvis.' 

M ,  extern.  haltucU  loa)[.« 


M ,  extent,  digii.  comm. 
brevit. 


•  M  gasttocDcni.  CKtem. 

r  M.  f«l«US. 


■  M.  Itoter  Mbcti  lM«. 

.  M.  abductor  dlfitl.  mla. 


^^  Mm.  InteroMci ikmAhs. 
Motor  poinu  of  ttw  peronciU  and  tibial  nerves  on  the  froat  ot  ihe  leg :  the  parantal  on  the  kft.  tb«  llbial  «i  A«  ' 

light  (oner  EfiMk»rtf), 

by  itimulating  at  the  entrance  of  the  nerve,  each  mu&cle  may  lie  causc<l  to  contract  singly.     la  |  349 
the  motor  points  of  the  face,  and  in  \  347  those  of  the  neck,  nre  indicated. 

The  constant  current  may  be  employed  as  a  stimulus,  when  it  is  cIokmI  and  opened,  in  the  fans 
of  an  t'ff''frrM//r4/ current,  by  altering  its  direction  arul  increasing  or  diminishing  lU  intensity,  tntt 
also  cause*  a  po/iir  actiapt.  On  doling  the  current,  the  uer^'C  at  the  {athodt  is  aliroulslcd  ;  »a 
on  opening  the  current,  at  the  anotU  {\  336).  Thus,  when  the  current  is  closed,  the  cxcilsl 
the  nerve  is  increased  at  the  cathode  (6335),  which  may  act  favorably  upon  (he  nerve.  In 
excitability  in  clectrotoniH  at  the  anode,  although  feebler,  has  been  observed  during  perca 

csl van i nation  in  man.     Thisis  especially  the  case  Ijy  repeatedly  rerening  the  current,  »>metin 

by  opening  and  closing,  or  even  with  a  uniform   current.     If  ifae  increase  of  the  exdtlUiUby 
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obcained,  then  the  direction  of  the  carrenl  increases  the  excitability  on  closing  the  reverse  current, 
and  on  opening  the  one  in  the  same  direction. 

Restorative  BfTect. — Funher,  in  using  (he  constant  current,  we  hare  to  consider  its  restorative 
cfl^cis.  csuccially  when  it  is  asctnJirtj^'.  K.  lleidcnhain  found  that  feeble  and  fatigued  muscles 
recover  alter  the  pasMge  of  a  constant  current  ihrough  them. 

IjLsily.the  cunsiBiii  current  may  be  useful  from  its  catalytic  or  cataphoric  action  (^  328},  The 
cArci  ii  directly  upon  the  tissue  clcnienta.  It  may  also  act  directly  or  rcflcxly  upon  tne  blood  and 
lymph  vcMcU. 

Faradization  in  Paralysis.— If  the  primary  cause  of  the  paralysis  is  in  the  muscles  themselves* 
then  the  inJuceJ  current  is  generally  applied  directly  to  the  muscles  themselves  by  means  of  sponge 
electrodes  (Hg.  415};  while,  if  the  motor  nerves  are  the  primary  seat,  then  the  electrodes  are 
applied  over  them.  'The  current  used  must  be  only  of  very  moderafe  strength ;  strong  tetanic 
contractions  are  injurious,  and  so  is  (00  prolonged  application  {^Enlenburg), 


Kic.  421 


M.  gluteus  niRxireui(sTcat 


M.  bic«pt>  f«in.  (CAp.  toQg,} 
(ffrt.  iClM.). 


U.  Mccn<rem.(cap.brcv.t 

(jtrt.  sclat.). 


N.  peroneiM 


.  N.  tichiadicuii. 

.  M.Bdduct.tDafiiu«{n.obL). 
M.  lemiteniJiniMiu  (£rt. 

.  U.  semimeinbranouu 
(grt.  iciM.J. 


.  N.  tlblRlU.- 

M ,  gMtrocnein.  (cap.  cjitr,^. 
.  M.  BMli'Ocnrin.  (cap.  tnt.), 

M.  wicus. 


.  M.  flex.  dig.  comm.  loaf. 
^M.  flexor  hallucls  longv*. 

_N,  tjbiiilik. 


iy, 


I 


< 


Motor  poinu  of  ike  Miatk  oarvB  and  iu  branche* ;  ibe  peroaeal  and  tibial  •erve*. 

The  galvanic  current  may  also  he  applied  to  the  muscles  or  to  their  motor  nerves,  or  to  the 
centres  of  the  latter,  or  to  both  inu^lc  and  nerve  simultaneously.  As  a  rule,  the  cathode  is  placed 
nearer  tke  tenlre^  a>  it  increases  ihe  excitability.  When  the  eleclrode  is  move<l  along  the  course  of 
the  nerve,  or  when  the  strength  of  the  current  is  varied,  the  action  is  favored.  If  the  seat  of  the 
lesion  is  in  the  central  nervous  system,  then  the  electrodes  arc  applied  along  the  vertebral  culuum, 
or  on  the  vertelKal  colunm  and  the  course  of  the  nerves  at  the  same  time,  or  one  on  the  head  and 
the  other  on  a  point  as  near  us  possible  to  the  sup[.)osed  seat  of  the  lesion.  The  current  must  not  be 
too  strong  nor  applied  ton  long. 

Induced  v.  Constant  Current:  Reaction  of  Degeneration, — Paralyzed  nerves  and  muscles 

behave  quite  difTerently  as  regards  the  i/i</if(Ci/(rap)dly  interrupted)  and  the  eomtani  current.     This 

ii  called  the  "  reaction  of  degeneration,"     We  must  remember  the  physiological  fact  that  a  dying 

nerve  olluched  to  a  muscle  \\  325),  and  also  the  muscles  of  a  curariz«l  animal,  react  much  less 

■     strongly  to  rapidly  intemipted  currents  than  fresh  noncuntrized  muscles.     Baierlacher,  in  1859. 
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found  ihal,  In  n  case  of  bcial  psralysie,  the  facial  roubles  contracted  but  fccbljr  lo  ibe  Indoced 
currcait,  but  very  energetically  im  the  constant  current  being  used.  The  exdtabilitjr  for  ikecooMnt 
currmt  may  be  ahnnnnally  increascrt.  hut  may  disappear  on  recovery  taking  place.  Accxvrifatlf  U> 
Neumann,  it  is  the  longer  duration  of  the  constant  currenl  as  oppiited  to  the  moraeniory  cloainK  and 
opening  of  the  induced  current  which  makes  the  contraction  of  the  muscle  possible.  If  the  oonrtarrt 
current  be  broken  us  rapidly  as  the  Karsdic  current  is  broken,  then  the  constant  current  docs  not 
cauHc  contraction.  Convenely,  tlic  induced  cunent  may  l)c  rcnderetl  effective  by  caasini  il  to  bai 
longer.  We  may  olso  keep  the  primary  circuit  of  the  indnaion  machine  closed,  and  mow  ibe 
Secondary  spiral  to  and  fro  along  the  slots.  'Ilius  we  obtain  alow  gradations  of  the  induced  cunvct 
which  act  energcfically  upon  ciitnrizcd  muscles  (firiii-it/).  Hence,  (n  siimulatmg  a  muscle  or  nerve, 
we  have  to  consider  not  only  the  strength,  hut  also  the  duration,  o\  the  current,  }u9t  as  the  dcAccUoo 
of  (lie  magnetic  needle  depends  upon  these  two  factors. 

[Galvanic  excitability  is  the  term  applied  to  (he  condition  of  a  nerve  or  moscle,  wbetcby  || 
responds  lo  the  opening  or  closing  of  a  continuous  current.  The  effects  differ  accordtng  ■«  ibe 
current  Is  opened  or  closed,  and  according  to  iu  strength.  A»  a  rule,  the  cathode  caiun  a  con- 
traction chiefly  at  clomre,  the  anode  at  opening  the  current,  while  the  cathode  is  the  strtic^ei 
stimulus  With  a  uvuit  current,  the  cathode  produces  a  simple  contraction  on  clnaing  the  Cvrreot. 
but  no  comraaion  from  the  anode.  With  a  mtdium  current,  wc  get  with  the  cathode  a  sinxif 
cliMtng  contraction  but  no  opening  contraction,  while  the  «iio<le  excites  feeble  opcntng  xnd  cloMi)| 
contractions.  With  a  strong  current,  we  get  with  the  cathode  a  tetanic  contraction  at  cloture,  aiw 
a  perceptible  contraction  at  ojicning,  white  with  the  anode  there  it  contraction  both  ai  opcntng  anJ 
doting.] 

[The  law  of  contraction  is  usually  expressed  by  the  following  formula  {£ri) :  An  ^  anode. 
Ca  =:  cathode,  C  ^  conimction,  c  —  feeble  c^Hitraction,  C  =  strong  contraction,  S  =  closure  o( 
current,  O  =  opening  of  current,  Te  =  tetanic  contraction — so  that,  expretting  the  above  staicmcMi 
briefly^  we  have— 

Weak  ctirrents  prodtice  Ca  S  C; 

Medium    "  •*         Ca  S  C,  An  S  c,  An  O  c\ 

Strong      ••  "        t^a  S  Te,  An  S  C,  An  O  C,  Gi  O^-.] 

[Typical  Reaction  of  Degeneration. — When  the  reaction  of  tl»e  nerve  and 
ratiscle  10  electrical  stimnlalion  is  altered  both  qualitatively  and  quantitatively, 
we  have  the  reaction  of  degeneralton,  which  is  characlcri/.ed  essentially  In  tnCj 
following  conditions]:  The  excitability  of  the  muscles  is  diminished  or  abolish 
for  the  Faradic  current,  while  it  is  increased  for  the  galvanic  cttrrent  from  the  3d  to| 
58th  day ;  it  again  diminishes,  however,  with  variations,  from  the  yad  lo  80th  day; 
the  anode  closing  contraction  is  stronger  than  the  cathode  closing  contraction.} 
The  contractions  in  the  affected  muscles  occur  slowly  in  a  peristaltic  manner,  and] 
are  local.  In  contrast  with  the  rapid  contraction  of  normal  muscle.     The  diraintitioBi 
of  the  excitability  of  the  nen'fs  is  similar  for  the  galvanic  and  Faradic  current 
If  the  reaction  of  the  nerves  he  norma!,  while  the  mtiscle  during  direct  stimuUtioa] 
with    the  constant  current  exhibits   the    reaction   of  degeneration,  we  speak 
"  partial  reaction  of  degeneration,"  which  is  constantly  present  in  progressist 
mascular  atrophy  {Erb). 

[The  "reaction  of  degeneration  "  may  occur  before  there  is  actual  paralysis,  as  tn  lead  puiao^ 
ing.  When  it  occurs  we  Ii»\-c  to  deal  with  some  affection  of  the  nerve  mires,  or  (^  I  he  trophic  f»ervr 
Cells.  When  it  is  established,  (i)  stimulation  of  the  nerve  with  Faradic  and  galvanic  electricity  doe* 
not  cause  contraction  of  the  muscle;  (2)  direct  Faradic  stimulation  of  the  muscles  does  nu  catw 
contraction;  (3)  the  galvanic  current  usually  excites  conlraciion  more  readily  than  in  a  DorMal 
muticle,  so  that  the  muscle  resjwnds  lo  much  feebler  currents  than  act  on  healthy  ttiu»clc»,  but  iIm 
contraction  if  longer  and  more  of  a  Ionic  character,  and  shows  a  tendency  to  l>eci>me  tetanic.  Tb( 
electrical  excitability  i.<t  generally  unaffected  in  }Mralysi»  of  ceTet>ral  origin,  and  in  sofuc  furrns  oi 
spinal  ptimlysb,  as  primary  lateral  sclerosis  and  transverae  myelitis,  but  the  "  rraclton  of  degcnerattoo" 
occurs  in  traumatic  par3l)'sis,  due  lo  injur)'  of  the  nerve  trunks,  neuritis,  rheumatic  facial  paialyss, 
lead  paby,  and  in  alfectiona  of  tlie  nerve  cells  in  the  anterior  comu  of  the  gray  mauer  of  th«  afanal  ^ 
cord.]  In  rare  cases  the  contraction  of  the  muscles,  caused  hy  applying  a  Faradic  cvrrrBt  to 
nerve,  follows  a  slow  iieriitalliclike  course — "J-'aratitr  rtaction  cf  dtgenetatuyn  "  (A.  Kemak,  A>*t.  \ 

II.  In  Various  Forms  of  Spasm  [KpxvmK,  contracture,  muscular  tremor)  the  constant  cur 
is  most  effective  {A'nnni\.      By  the  anion  of  anelectrotonos,  a  pathological  increase  of  the  eic* 
bility  is  sulNiuod.      Hence,  the  anode  ought  t-i  Itc  applied  to  the  part  with  increased  rKcitahility,  an 
if  it  be  a  case  of  reflex  spasm,  to  the  pomts  which  are  the  origin  or  seat  of  tlie  increased  exdlahiltcy^ 
Weak  Currents  of  uniform  intensity  are  most  effective.     The  conciaui  current  may  also  be  asenl 
from  its  tataphorie  action,  whereby  it  favors  the  removal  of  irritanls  from  the  seat  of  the  trrttalaaa 
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Foitfaer,  the  constaut  current  incresso  the  voluntary  controioytv  the  uflfected  raiucles.  In  spnsms 
of  central  ocigin,  the  coiuiant  current  mny  be  a(][>He(l  to  the  central  orgnn  itself.  Faradization  is 
Bied  in  ipascnodic  alfcciiuns  to  increase  the  vigor  of  enfeelled  antagonistic  muscles.  Musclet  in  a 
coodition  of  contracture  arc  saiii  to  liccnme  mure  cxlenMt'Ur  aiider  the  influence  of  ibe  I'aradic 
current  (A'fM/U-).  as  u  nurm;ii  mu&cle  is  more  excitable  during  active  contraction  I-}  301  ]. 

In  Cutaneous  Anxsthesia,  the  /•'aradu  current  applied  to  the  ikin  by  menns  of  hair-brush 
electrodes  is  frequently  used  ^Fig.  417).  When  using  the  eofistaat  currmt,\he  cnthode  must  be 
applied  to  ihc  pans  with  diminished  sensibility.  The  constant  current  alone  is  nf>plied  to  the  cen/rai 
lesi  of  the  le^iion,  an<l  care  mu&t  be  tnken  to  what  extent  the  occurrence  of  cathelectrotonus  in  the 
centre  affecLi  the  occurrence  of  icnsation. 

in.  In  Hjrpersesthesia  and  Neuralgias,  F.iradic  currents  are  applied  wiih  the  object  of  over- 
stimulotinf;  the  hypersensitive  parts,  and  thus  to  benumb  them.  Besides  these  powerful  currcm.i, 
lofak  currcni5  act  re/lexiy  unit  accelerate  (lie  blood  Mrcnm,  increase  the  heart's  action,  and  constrict 
(he  blood  ve5~4cU.  while  j/z-im^-- currents  cause  the  opposite  effects  (O.  A'tfi^m^iNM).  Doth  maybe 
useful.  In  employing  the  constant  current  in  neuralgia  (/frmai),ont  object  is  by  exciting  anclec- 
trotonas  in  the  hypersensitive  nerves,  to  cause  a  diminution  of  the  excitability.  According  lo  the 
nature  of  the  caiie,  the  anode  is  placed  cither  on  the  ucrvc  trunk,  or  even  on  the  centre  iiself,  and 
ihe  calbode  on  an  indiflTerenl  jiart  of  the  l«ody.  The  cattilyiie  and  eatdpfufrk  effects  also  are  most 
hnpoctant,  for  by  means  of  them,  especially  in  recent  rheumatic  neuralgias,  the  initaling  infiamma- 
tory  products  are  disiiibnied  and  conducted  away  from  the  part.  A  descending  current  is  trans- 
mitted continuously  for  a  time  through  the  nerve  trunk,  and  in  recent  cases  its  effects  are  somelinics 
very  striking.  I^oetly.  of  course,  the  constant  current  may  be  used  as  a  cutaneous  UimtUusy  while 
the  Faradic  current  also  acts  retlexly  on  the  cardiac  and  vascular  activity. 

Recently,  Charcot  and  Ballet  have  used  the  electric  spark  from  an  eleclrical  machine  in  case*  of 
ansesthesia,  fadal  paralysis,  and  paralysis  agitans.  In  some  case*  of  spinal  paralysis,  muscles  can  be 
made  to  contract  with  the  electric  spark,  which  do  not  contract  to  a  Faradic  current.  [Electricity 
is  aoroelimcs  use«i  to  distinguish  real  from  feigned  disease^  or  to  distinguish  death  from  a  condition 
of  trance.] 

Galvano-Cautery. — The  electrical  current  is  u&ed  for  thermal  purposes,  as  in  the  galvano- 
Cautery. 

Gal vano- Puncture. — ^Thc  electrolytic  properties  of  electrical  currenU  are  employed  lo  cause 
coagulation  in  aneurisms  or  varix.  [If  the  electrodes  from  a  constant  battery  in  action  be  inserted 
in  an  aneurismat  sac.  after  a  lime  the  tibrin  of  the  blood  is  deposited  in  the  sac,  whereby  the  cavity 
of  the  aneurism  is  gradually  filttKl  up.  A  galvanic  current  gjossed  through  delihrinaied  blood 
catises  the  formation  of  a  coagulum  of  protcid  niatier  at  the  positive  pole  and  bubbles  of  gas  at  the 
negative.] 

340.  ELECTRICAL  CHARGING  OF  THE  BODY.— Sauasure  invesUgaled  by  means 
of  the  electroscope  the  "charge"  of  a  person  standing  on  an  insulated  stool.  The  phenoinetui 
observed  by  him,  which  were  always  inconstant,  were  due  to  the /rutitm  of  the  clothes  upon  Ihc  skin. 
Oardini,  Ilemmer,  Ahrens  (1817),  and  Nasse  regarded  the  body  as  normally  charged  with /£>jf//T« 
eleancity.  while  Sjdstcn  and  others  regarded  it  as  tte^tifivety  charged.  Most  probably  all 
these  phenomena  ore  due  to  frictiuu,  and  are  modified  ctTects  of  the  air  in  contact  with  the 
heterogeneous  clothing  [UanAel).  A  strong  charge  resulting  in  an  actu-il  spark  lu5  frequently 
been  described.  Car<lanus  (1553)  obtamed  sparks  from  the  tits  of  the  hair  of  the  head.  Accord- 
ing 10  Ilorsford  (1837),  long  sparks  were  obtained  from  the  tips  of  the  tiugers  of  a  nervous 
woman  in  Oxford,  when  she  stood  upon  an  insulated  carpet.  Sparks  Imve  often  been  observed  on 
combing  the  hair  or  !itroking  the  back  of  a.  cat  in  the  dark.  Freshly  voided  urine  is  negatively 
eleclncal  (l'asa//i-£itnJi\  IW/a);  so  ts  the  freshly  formed  web  of  a  spider,  while  the  Mw^  is 
positive. 

341  COMPARATIVE — HISTORICAL.— Electrical  Fishes.— Some  of  the  most  interest- 
ing phenomena  connected  with  animal  electricity  are  obtained  in  electrical  fishes,  of  wliich  there 
are  alvut  tifiy  species,  including  the  electrical  eel,  or  Gymnotus  e/ei/ruui,  of  the  Is^oons  of  the 
region  of  Ihe  Orinoco  in  South  America — it  may  measure  over  7  feet  in  length — the  Torpedo  mar. 
marata  and  some  allied  species,  30  to  70  centimetres  [i  lo  2ti  fe;i^,  iu  the  Adriatic  and  Mrditer- 
nocuu  ^hc  Afa/a/Uer»ria  tlalricui  of  tlie  Nile,  and  X^iC  Atormyrus  al«j  of  the  «June  river.  By 
iDcana  of  special  electrical  organs  {Redi,  1666),  these  animals  can  in  part  voluntarily  (fymnotus 
■nd  malaptcrurus],  and  in  i>Ari  ref1e\ly  (torpedo),  give  a  very  powerful  electrical  hhock.  J'hc  elec- 
trical organ  consists  of  "compartments"  of  various  forms,  separated  from  each  other  by  connective 
tissue,  an'l  tilled  with  a  jelly  like  suljstance,  which  the  nerves  enter  on  one  surface  and  ramify  to 
produce  a  plcxu.s.  Fnim  \.\\\s  plexus  there  proceed  branches  of  Ihe  axial  cylinder,  wliich  end  in  a 
nuclcntrd  plate,  the  "  electrical  plate  "  {BilfAiift,  Af.  S^Mu/u).  When  the  "  electrical  nerves  " 
proceeding  l»  ttie  organ  are  stimulated,  an  electrical  dl'tchorge  is  the  result. 

In  GymnotUB,  the  electrical  org^n  consists  of  several  row  s  of  columns  arranged  along  both  sides 
of  the  spioiU  culunui  of  the  animal,  under  the  skin  as  for  as  the  tail.  It  receives  00  the  anterior 
sur^c  several  hrnnches  from  the  intercostal  nerves.     Be  ides  this  large  organ  there  is  a  smaller  one 
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lyiDg  on  t»th  siflcs  abovi:  the  uial  luis.     Here  tbc  plates  nre  rertical,  and  tbe  diredton  of  the 
tric^  ouTtnt  in  the  fiih  is  aKendiu^,  M  Uiai  of  count  it  is  dcicending  in  ibc  surrounding 
{f'araday,  tiu  Boh  Keymond). 

In  Malapterurua,  ihc  organ   sjrrounfU  the  btniy  like  &  miuille,  and  receives  unly  one 
(p.  §79},  whose  axis  cylinder  Kn^cs  ncjr  thr  mcdulU  oblongatft  from  otw  gigantic  gaoj 
{Bitihan),  and  is  campoi>ed  of  proiopla^mic  pT'tccsscs  {^Fruich).     The  plaica  are  oUo  vi 
receive  their  □er\'r!(  from  the  posterior  »urface.     Tbe  direction  of  the  current  b  dcaceiidiac  ^  ^ 
durirg  the  dischnrge  (t/w  Jioit-  fteymond). 

In  the  Torpedo,  the  organ  lies  immcJiitlely  under  ihe  skin  laterally  on  each  side  of  the  h' 
reaching  as  far  as  the  [)ectoral  fins      li  receives  several  nerves  which  arise  from  ihe  loUu  elect 
txtwcen  (he  corpora  quadrigemina  and  the  medulla  oblongata.     Tbc  platen,  which  do  not  increase 
riuml>cr  with  the  ji^rowth  of  the  animal  [Delle  Chiiije,  Bobuikin),  lie   horiionlally,  while  Ihe    nrr 
librcs  enter  them  on  their  dorbat  surfaces,  tbe  current  in  the   \\s\\  being  from  tbc  abdocoinol  lu  t 
dorsal  surfnce  {GahHinx). 

It  is  extremely  probnble  thai  the  electric  orgaiis  are  modified  muscles,  in  which  ih«  nerve  le 
nations  are  highly  developed,  the  electrical  plates  corresponding  to  the  motorial   end  plau-i  of  the 
muscnlar  fibres,  the  contractile  substance  having  disappeared,  so  that  during  physiological  activity 
the  chemicnl  cnei^'  is  changetl  into  electricily  alone,  while  ihere  is  no  "  work  "  done.      This  view  ia, 
supporlcd  by  the  oliscrvalion  nf  Babuchin,  that  during  development  the  organs  are  originally  fiTmtf4 
like  muACks;  further,  thnt  the  organs  when  at  xvrA  are  neutral,  but  when  active  or  dead,  acid 
lastly,   tbey  contain   a  substance   relalcxl   to   myosin   which  coagulates   after    dt!ath  (^  295 — ' 
Tbc  organs  manifest  fatigue ;  they  have  a  "  latent  period  "  of  o  016  second,  while  one  sbocfc 
organ  (comparal)te  to  the  current  in  an  active  motclr)  la<rts  007  second.     About  twenty>6re  oTflii 
shock*  go  to  make  a  diitchaige,  which   lasts  about  0-23  second.     The  discharge,  like  leuniis,  i 
discontinuous  process  I, J/ar(;v).     Mechanical,  chemical,  thermal,  and   electrical   »timult  cause  s  J 
charge ;  a  single  induction  5hock  is  not  eftective  i^Sacks).     During  the  electrical  discharge  tbe  cui 
traverses  ihe  muscles  of  the  oninul  itself;  the  latter  contract  in  the  torpedo,  while  tbey  do  not  do 
in  the   ^n,-]niiatus  and  mabptemrus  during   the   discharge  (.Sy'WM/r),     A  torpedo  can  give  afaoal 
shociis  per  miuuie  ;  it  then  becomes  fatigued,  and  require*  some  lime  to  recover  itself.     It  may  onl; 
partially  discharge  its  organ  \^At.  v.  Humbeldl,  JVr.Ar).     fooling  makes  the  organ  leas  active,  wb/ 
heating  it  to  zx  (J.  makea  it  more  so.     The  organ  becomes  tetanic  with  strychnin  {Bi€qmertl\,  wfail 
curara  paralyzes  it  ( Sacks).     Stimulation   of  the  electrical   organ  of  the   torpedo  causes  a  discharge 
( A\fat/tueei)  ;  cold  retards  it,  while  section  of  the  electrical  nerves  paralytes  the  organ.     The  electri- 
cal lishes  themselves  arc  but  slightly  alTocted  by  very  .strong  induction  shocks  iransmiiied  throuch  ttkc 
water  in  which   they  are  swimming  {du  Bois-ReymonJ).     The  subelaocc  of  the  electrical  or^MB  it 
singly  refractive;  excised   ponion^  give  a  current   during  rest,  which  has   the  same   direction  as  tbc 
iihock  ;  tetanus  of  the  organ  weakens  tlit-  cutrtiit  {Sachi,  du  Bois-iirymond\.     Pertiaps  the  electrical 
organ  of  mala|>terurus  is  evolved  from  modified  cutaneous  glands  {f'ri/stk). 

Historical. — Richer  (1672)  ma<le  tbe  first  communication  about  the  gymnolus.  WoUb  ^  Ii72[ 
made  investigations  on  the  torpedu,  on  \\s  discharge,  and  its  |>owcr  of  communicaiing  a  shock.  j» 
I)avy  magnetized  particles  of  steel,  caused  a  deflection  of  the  magnetic  nenlle,  and  obtained  ele^tnv 
lysis  with  the  electrical  discharge.  Bccquerel,  Brechrt,  and  Mnttcucci  Mudir<l  the  i/rVf^/iow  of  lb« 
discharge.  W.  v.  Humlioldi  descrilicd  the  hnlnts  rikI  actions  of  the  gym  not  us  of  .South  .\iBeriot. 
Hansen  (i74J>  and  dc  Suuvages  (17441  suppO'>cd  that  electricity  was  the  active  force  in  nerval 
The  actual  investigations  into  :inimal  electricity  began  with  G.  .Moisio  tialv«ni  (179I),  wbo 
that  frets'  legs  connected  wilh  an  electrical  machine  contracted,  and  also  when  they  were 
with  two  dilTerent  mctaU.  He  believed  that  nerves  and  muscles  gencraled  cleciricily.  AV 
Volia  ascribed  the  >econd  expcrimmt  to  the  electrical  current  pnvluced  by  the  coolact  of  diMinriSif 
metals,  and  therefore  outside  the  tissues  of  the  frog.  The  contraction  without  meiak  described  hy 
Lialvani  was  confirmed  by  Alex.  v.  Humlwldt  (I79!i|.  Waff  11793)  first  ol>ser\'ed  the  cAect  of  thf 
direction  of  the  current  u)Hjn  the  uonlroclion  of  a  frig's  leg  obtained  by  stimulating  its  nerve. 
Hnnren  m.ide  a  gilvanic  pile  of  frogs' legi.  Ilie  whole  subject  entered  on  a  new  phaM  with  tbt 
construction  of  the  galvanometer  and  since  tbe  introduction  of  the  classical  methods  devised  by 
du  Buis-Rcymund,  />.,  from  1S43  onward. 
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342.  FUNCTIONAL  CLASSIFICATION  OF  NERVE  FIBRES. 

— .\s  nerve  fibres,  on  bein^  stimulated,  are  capable  of  conducting  impulses  in 
both  directions  (tj  338),  it  is  obvious  that  the  physiological  position  of  a  nerve 
fibre  must  depend  essentially  upon  its  relations  to  the  peripheral  end  organ  on 
the  one  hand,  and  its  central  connection  on  the  other.  Thus,  each  ncn*c  is 
distributed  to  a  special  area  within  which,  under  normal  circumstances,  in  the 
intact  body,  it  performs  its  functions.  This  function  of  the  individual  nerves, 
determined  by  their  anatomical  connections,  is  called  their  "specific  energy." 

I.  Centrifugal  or  Efferent  Nerves.— (a)  Motor. — Those  nerve  fibres 
whose  peripheral  end  organ  consists  of  a  muscle,  the  central  ends  of  the  fibres 
being  connected  with  nerve  cells  : — 

1.  Motor  fibres  of  striped  muscle  (|^  292  to  320). 

2.  Motor  nerves  of  the  heart  {^  57). 

3.  Mottn*  nerves  or  smooth  muscle. /.ji'.,  the  intestine  (]  171)-  'Hie  vasomotor  nerves  are 
specially  treated  of  in  }  371. 

(b)  Secretory. — Those  nerve  fibres  whose  peripheral  end  organ  consists  of  a 
secretory  cell,  the  central  ends  of  the  fibres  being  connected  with  ner%'e  cells. 

Examples  of  secretory  ncr>-es  arc  the  secretory  nervea  for  saliva  [l  14$)  and  those  for  sweating 
({  389,  ilV  It  is  to  be  rememliered.  however,  Ihnt  these  fibres  not  unfrequently  He  in  the  same 
sheath  with  other  nerve  fibres,  so  that  fctitnulRtioD  of  a  nerve  may  give  rise  to  several  results, 
according  to  the  kind  of  nerve  fibrn  present  in  the  nerve.  Thus,  the  secretory  and  rasomoior 
nerves  of  glands  maybe  excited  simultaneously. 

(c)  Trophic. — The  end  organs  of  these  nerve  fibres  lie  in  the  tissues  them- 
selves, and  are  as  yet  unknown.  These  nerves  are  called  trophic,  because  they  are 
supposed  to  govern  or  control  the  normal  metabolism  of  the  tissues. 

In  some  tt»ueA,  we  know  of  a  direct  connection  of  their  elements  with  nerve  fibres,  which  may 
inllaeoce  ihcii  nutrition.  Nerves  are  connected  with  the  corneal  corpuscles  (^  201,  7),  with  the 
pigment  cells  of  the  frog's  skin  (fArw/inw),  the  connective-tissue  corpuscles  of  the  serous  mcmhranc 
of  the  stomach  of  the  frog,  and  the  cells  around  the  stomaiaof  lymphatic  surfaces  ({  196,  $)  {£.  /^. 
Hoffmann'). 

Trophic  Influence  of  Nerves. — The  trophic  funciiniw  of  certain  nerves  are  referred  to  as 
follows;  On  the  influence  of  the  trigeminus  on  the  eye,  the  mucous  membrane  of  the  rooutb  and 
nose,  the  Atce  {\  347);  the  influence  of  the  vagus  on  the  lungs  (\  352};  motor  nerves  on  muscle 
({  307) ;  nerve  centres  on  nerve  fibres  ($  325,  4) ;  certain  central  oi^ns  upon  certain  viscera 

\\  379). 

Section  of  certain  nerves  influences  the  growth  of  the  bones.  H.  Noase  found  that,  after  sec- 
tion of  their  nerves,  the  banes  showed  an  absolute  diminution  of  all  their  individual  constituents, 
while  there  was  an  incrcai^  of  the  fat.  Section  of  the  spermatic  nerve  is  followed  by  degeneration 
of  the  testicle  {Nelaton,  Obolensky).  After  extirpatioiv  of  their  secretory  nerves,there  is  degenera- 
tion of  the  sub-maxillary  glantJe  (p.  358).  Section  of  the  nerves  of  the  cock's  comb  inter 
feres  with  the  nutrition  of  that  organ  {Ltgroi^  Schiff).  After  section  of  the  2d  cervical  nerve  in 
rabbits  and  cats,  the  hair  falls  olT  the  ear  on  thai  side  [Josffik).  Section  of  the  cervical  sympn- 
tbeltc  nerve  \n  young,  growing  animals  is  followed  by  a  more  rapid  growth  of  the  ear  upon  that  side 
{Bidder,  S/irhng,  Sfricjter),  al:«a  of  the  hair  on  that  side  {HiAiff,  Stirling,) ;  while  it  is  said  that 
the  correspiindiiig  half  of  the  hrnin  is  smaller,  which,  perhaps,  is  due  to  the  pressure  from  the  dilated 
■     blood  vessels  iBrvwH-Siffuartf). 

L       " 
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Blood  Vessels. — Lcwiuchew  found  dial  proloDgcd.  unintcmiptcd  itimuJation  of  the  idabc 
nerve  of  doyn,  by  rneatis  of  clieniicAl  sttmuH  [ihreads  dipiicd  In  sulfmuric  acid],  caiucd  hyiiairaphy 
of  the  lower  limb  mid  foot,  together  with  tbe  formation  of  aiieunsmal  dilBtatioas  upon  ibc  hipoiJ 
»c»scU. 

Skin  and  Cutaneous  Appendages. — In  man,  stnnubtiun  or  piraljrsis  of  nenres.  or  degoncniiaa 
of  l>ie  gray  niallcr  of  llic  spinil  corJ,  is  not  unfrr({uciit1y  rullowcd  by  cbainge&  in  the  pigmemiwo  < 
the  skin,  in  the  nails,  in  the  hair  and  its  mode  of  (jrowih  and  color  (yumt  A),     flnjury  tothc  \v* 
oi  by  a  fall,  somclimcs  rer^ulis  in  piualyiii^  of  (he  liair  follicles,  so  that,  after  such  an  injury,  the  ' 
is  loM  over  nearly  the  whole  of  the  body.]     Somelimes  there  may  In:  emp|ion-s  u]>on  (he  kLifl 
apparDtiily  traumatic  in  their  origin  {v.  Bdrensptttng  ').     ^otuetimcs  there  is  a  tendency  to  decubiia 
(I  379)'  '^'^^  ''>  ^inc  rare  cates  of  Inbes,  there  i«  a  peculiar  degeneration  of  tbe  joints  ( Charcot'^ 
disease).     TTie  chjtnj^cs  which  take  pUce  m  a  nerve  separated  from  its  centre  are  described  in  |  325 

[Tropbo-neuroses. — Some  of  the  chief  data  on  which  the  existence  of  trophic  nenrcft  bauuned" 
art-  indicated  at)Ovc.     There  arc  many  pathological  condition*!  referable  to  <ll<icaMs  or  injnncs  of 
nerves.  ] 

[Muscles.— Ai  is  well  known,  paralysis  of  a  motor  nerve  lead*  to  simple  aiixiphy  of  the  correa- 
fending  mu.scle,  provided  it  t>e  not  exercised:  bill  when  the  motor  ganglionic  celU  of  tbe  arKerior 
horn  of  gray  matter,  or  the  corresponding  cells  in  the  cms,  pons,  and  tiKdullo.  are  paralyzed,  1' 
b  an  active  condilion  of  atrophy  with  proliferation  tif  the  mus>cubr  nuclei.  Progre8«iv«  mu&cul 
■trophy,  or  warning  palsy,  is  another  trophic  change  in  muscle,  u-hercby  either  iiHlividual  muich 
or  gTuu[K  of  muscles,  ore  one  after  the  other  {laralyzed  and  t^ecoroc  atrophied.  In  pfteudo-hy 
trophic  paralysis,  there  is  cirrhosis  or  increa.>icd  devcloiiment  nf  the  conneclite  tissue,  with  « 
diniinuiioii  of  the  true  muscular  ekmcnts,  so  that  although  the  muscles  increase  in  bulk  their  pover 
is  diminishtxl.] 

Cutaneous  Trophic  Affections. — Among  these  may  be  mentioned  the  occurrence  of  ml 
patches  or  erythema,  utticoria  ur  ncltle-rash.  some  form-i  of  lichen,  eczemn.  the  bulla;-  or  btebtof 
pemphigus,  nnd  some  forms  of  ichthyosis,  each  of  which  may  occur  in  limited  areas  after  injury  to  1 
nerve  or  iis  spinal  or  cerebral  centre.  The  relation  between  the  cutaneous  eruption  and  the  di-ipb 
lion  of  a  nerve  \s  soinetintes  very  marked  in  herpes  xoster,  which  fret^uenlly  follows  tbe  dtstnb 
of  the  intercostal  and  supraorbital  nerves.  Glossy  skin  {Pogtt,  Weir  AtiUkeW)  is  a  cooditi 
de|>cnding  upon  impaire<]  nutrition  and  circulation,  and  due  to  injuries  nf  nerves.  The  skin  is  sohmIt'' 
and  glossy  in  the  area  of  disinbution  of  certain  ncrvrs,  while  the  wf  inkles  and  folds  have  diMppcved. 
In  myxQcdema,  ihc  .'iutx:utmieouii  listue  and  other  organs  arc  infiltrated  with,  wliile  the  blood  oon- 
lains,  mucin.  The  sut>cutaneous  tissue  is  iwolten.  and  the  patient  looks  as  if  suffering  from  tvaal 
drujjsy.  There  u  marked  alteration  of  the  cerebral  faculties,  and  a  condition  resembling  a 
*•  cretinoid  state  "  occurs  after  the  excision  of  the  th}Toid  gland.  Victor  Jlorslcy  has  shown  I 
similar  condilion  occurs  in  monkej-s  after  excision  of  the  thyroid  gland  {\  loj,  lit)  [La 
descril>f  d  a  condition  of  nervous  cedema  which  occurs  in  some  cases  of  hemiplegia,  and  ap 
it  is  indeiiendent  of  renal  or  cardiac  diwa-^e.] 

[There  are  alterations  in  tliL-  color  uf  ihe  skin  depending  on  nervous  alTections,  including  lucallwll 
leucoderma,  where  circumscribed  patches  nf  the  skin  are  devoid  of  pigment.     The  tiigtnentatkB 
of  the  skin  In  Addison's  disease  or  bronxed  sldn,  which  occurs  in  some  cases  of  ducase  of  the 
suprarenal  copsules,  may  be  {tartly  ner%ou«  in  its  origin,  more  especially  when  we   consider  \\ 
remarkable  pigmentation  that  occurs  around  tbe  nipple  and  some  other  parts  of  the  body  duria 
pregnancy,  and  in  some  uterine  nnd  ovarian  affection*. 

In  ansesthetic  leprosy,  Ihc  anu^thcsia  is  due  in  the  disease  of  the  nervous  structure,  which 
tcsiilus  in  di>turbaiicc  of  motion  and  nutrition.  Among  other  remarkable  changes  in  tbe  skin, 
I)erhaps  due  to  trophic  conditions,  are  those  of  symmetrical  and  local  f;ai$grtne,  and  acute  decubi- 
tus or  bed  sores.] 

[Bed  Sores.— Besides  the  simple  chronic  form,  which  results  from  over  pressure,  bad  aunii^ 
and  inaitcntioii  to  cleanliness,  combined  with  tome  defect  of  the  nervous  comlitionK.  there  i»  anotbtf 
form,  acute  decubitus,  which  is  due  directly  to  ner\'e  intluence  {Chartot").     The   laUcr  luaaDy 
appears  within  a  few  hours  or  days  of  the  ceTe1>r3l  or  spinal  legion,  and  the  whole  cycle  of  changta 
— fmm  the  apiiearanccnf  the  erythematous  dusky  patch  to  intlaramation,  ulcersiion.  uid  gaognne  af 
the  buttock — is  cumplcttd  in  a  few  daj-s.     An  acute  lied  sore  niny  form  when  cvcr>'  oUentioa  n  piil 
to   the   avoidance  of  prcfsure   and  other   unfavorable  conditions.     When    it  depends   on   eeiebnl. 
affections,  it  begins  and  dcvdops  rapidly  in  the  centre  of  the  gluteal  rcgjon  on  the  paraly/cd  «t  Ir^ 
but  when  it  is  due  to  disease  of  the  spinal  cord  it  furms  more  in  the  middle  line  in  the  sacral  r^ionn 
while  in  unitateml  spinal  lesions  it  occurs  not  on  the  paralyzed,  but  on   the   aiueuhetic  side,  a  Isd 
which  seems  to  ^how  that  the  trophic,  like  the  scmoiy  fibres,  decussate  in  the  cord  {Rosi\J\ 

[There  are  other  forms  due  to  nervous  disease,  including  symmetrical  ganpene  and  local 
asphyxia  of  the  terminal  parts  of  the  body,  such  as  t»e.<,  nose,  and  cAtern.il  ear.  caused  perhac*  by 
spasm  of  the  small  orierioles  I  Raynaud's  disease) ;  and  Ihc  still  more  curious  condition  of  par- 
forating  ulcer  of  the  foot.  Ilcraorthngc  of  ncr\ous  origin  sometimes  occurs  in  ihe  -ikin,  indwrtng 
those  that  occur  in  locomotor  ataxia  after  severe  attacks  uf  pain,  and  hxtnatoma  aurium.  cr 
insane  ear,  which  is  specially  common  io  general  poralytics.] 
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(d)  [Inhibitory  nerves  are  those  nerves  which  modify,  inhibit,  or  suppress  a 
motor  or  secretory  act  already  in  progress.] 

Take  as  on  example  life  t(Tcct  of  the  vagus  upon  ihc  action  of  Oie  heart.  Stimulation  of  the 
partphcnl  end  of  the  vagus  cauiies  ihe  henn  to  stand  siill  in  iiiastole  ({585);  b«  also  the  effect  of  the 
splanchnic  upon  the  mtestmal  movements  (g  161).  The  va;io-dilator  nerves,  or  those  whose  stimu- 
latioo  is  followed  by  dilatation  of  the  blood  vessels  of  the  area  which  they  supply,  are  referred  to 
especially  in  {  237. 

[There  is  the  greatest  unccnainty  as  to  the  nature  and  mode  of  action  of  inhibitory  nerves, 
bat  take  as  a  Ij-pc  the  vagus,  which  depresses  the  function  of  the  htart,  as  shown  by  the  slower 
rii)1bin,  diminulion  of  the  contmctians,  reU\aiion  of  the  muscular  tissue,  lowering  of  the  excitahiltty 
znd  conduction.  These  phenomena  are  not  due  to  exhaustion.  Gaskcll  jKiints  out  that  the 
■ction  15  beneficial  in  il»  after  effects,  so  tliat  thia  nerve,  although  it  causes  diminished  activity, 
is  followed  by  repair  of  function ;  hence,  he  groups  it  as  anabolic  nrr>c,  the  outward  symp- 
toms of  cessation  of  function  indicating  that  constructive  chemical  change>  arc  going  on  in  the 
tisme.] 

(c)  Thermic  and  electrical  nerves  have  also  been  surmised  to  exist. 

[Gaskcll  classihea  the  efferent  nerves  differently.  Beside  motor  nerves  to  striped  muscle,  he 
groups  them  as  follows  : — 

1.  Nerves  to  vascular  musclea. 

(a)   Vasomotor,  i.  e.^  vaw-constrictor,  accelerators  and  nugfnentors  of  the  heart. 
{b)    I  'aso-inAibitory,  i.  e.,  va-Ho-  dilatort  and  inhibitors  of  the  heart. 

2.  Nerves  of  the  visceral  muscles. 

(a)    Viscero-mofor. 
{It)    Viietro-inkihitory. 

3.  Glandular  nerves.] 

[Other  terms  arc  applied  to  nerves  with  reference  to  the  chemical  changes 
they  excite  in  a  tissue  in  which  they  terminate.  The  ordinary  metabolism  is  the 
resultant  of  two  processes — one  constructive,  the  other  destructive,  or  of  assimila- 
tion and  dissimilation  respectively.  The  former  process  is  anabolism,  the  latter 
katabolism.  \  tnolor  nerve  excites  chemical  destructive  changes  in  a  muscle,  and 
is  so  far  the  kataboUc  nerve  of  that  tissue;  in  the  same  way  the  sympatbettc 
to  the  heart,  by  causing  more  rapid  contraction,  is  also  a  katabolic  nerve,  while  the 
vagus,  as  it  arrests  the  heart's  action,  and  brings  about  a  constructive  metabolism 
of  the  cardiac  tissue,  is  an  anabolic  nerve  {Gaskell).^ 

II.  Centripetal  or  Afferent  Nerves. — (a)  Sensory  Nerves  (sensory  in 
the  narrower  sense),   wliich  by  means  of  special  end 

organs  conduct  sensory  impulses  to  the  central  nervous  Fig.  432. 

system. 

(b)  Nerves  of  Special  Sense. 

(c)  Reflex  or  Excitomotor  Nerves. — When  the 
periphery  of  one  of  these  nerves  is  stimulated,  an  im- 
pulse is  set  up  which  is  conducted  by  them  to  a  nerve 
centre,  from  whence  it  is  transferred  to  a  centrifugal  <^t 
efferent  fibre,  and  the  mechanism  (I,  a,  b,  c,  d)  in  con- 
nection with  the  peripheral  end  of  this  efferent  fibre  is 
set  in  action  :  thus,  there  are — Reflex  motor,  Reflex 
secretory,  and  Reflex  inhibitory  fibres.  [Fig.  432 
shows  the  simplest  mechanism  necessary  for  a  reflex  Sdwmc  of  *  renei  motDr  act.  s. 
motor  act.  The  impulse  starts  from  the  skin,  S,  travels  nerviceU;  </;*3fcre^fibre.  ' 
up  the  nerve,  af  lo  the  nerve  centre  or  nerve  cell,  N. 

situate  in  the  spinal  curd,  wliere  it  is  modified  and  transferred  to  the  outgoing 
fibre,  e/^  and  conveyed  by  it  to  the  muscle,  M.] 

III.  Inter-central  Nerves. — 'lliesc  fibres  serve  to  connect  ganglionic  centres 
with  each  other,  as,  for  example,  in  co-ordinated  movements,  and  in  extensive 
reflex  acts. 
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THE    CRANIAL    NERVES. 

343-  I.  NERVUS  OLFACTORIUS— Anatomical.— The  three-sided  prwinatic 
olfactorius,  lyin^  in  a  i^roovc  on  ihi.-  under  surface  of  ihc  frontal  lolw,  arises  b)^  lacjuia  of  tn  ko 
outer,  and  middle  rcot.fram  the  lulieroUactoriutn  (f'ig.  428, 1).  The  tractujswelU  out  upcm  the  • 
riform  plate  of  the  ethmoid  bone,  and  becomes  Uic  bulbuB  olfactorius,  which  U  the  anaJogue  of  ti_ 
ftpectid  portion  of  the  biain,  existing  in  ilifTirrcnt  nummal*  with  a.  well -developed  teusc  of  uncll  ^(j'na* 
ttoUt).  Krotn  twelve  lo  tif\ccn  olfactory  fdaments  pass  througti  the  fomminn  in  the  critjiifiTttn  plale 
of  the  ethmoid  bnnr.  Al  lin>l  lUcy  lie  between  the  periosteum  and  the  inuccu*  mrmhraQC,  rat  ia 
the  lower  third  of  their  course  they  enter  the  mucous  membrane  uf  the  re^io  c<Ifactona.  The  tulh 
Con&i&t5  of  white  matter  l«low,  and  above  of  eray  malter  mixed  with  traall  fcpiu(llc-&ha|»ed  gangtiorue 
cells.  lienle  deicribes  six.  and  Meynert  eight,  layers  of  nervous  matter  >een  on  tranivenc  mct^xi. 
niie  centre  for  smell  lies  in  the  tip  of  the  uncinate  evnu  on  the  inner  surface  of  the  ccrcL*^ 
Senusphere  \I-'errier).'\  According  lo  Gudden,  removal  of  the  olfactory  bulb  is  followed  by  alrcfAv 
of  the  gyrus  uncinatus  on  the  same  side.  According  lo  Hill,  the  three  rooti  of  the  olfactory  bulfi 
stream  backward,  the  inner  one  \%  small,  the  middle  one  it  a  thick  bundle,  which  groorta  the 
head  of  the  caudate  nucleus^  curves  inward  to  the  anterior  commiMurr,  and  crosses  r/4  thU  con 
mlssurc,  where  it  decussates,  and  passes  to  the  extremity  of  the  icmporo  sphenoidal  lobe.  The 
outer  roots  pass  transversely  into  the  p)riform  lolw,  thence  r/i)  the  fornix,  corpors  alb«canti».  the 
bundle  of  Viai  d'Azyr  into  the  anterior  end  of  the  opllc  titalamus.  Hill  also  points  out  ihal  the 
clemcnti  contained  b  the  olfactory  bulb  are  identicid  with  those  contained  tn  the  four  outer  layns 
of  the  retina.  Flechsig  traces  its  origin  (i)  to  the  gyrus  fomicattu,  (2)  through  the  lamina  perfosia 
anterior  to  the  internal  caiMule  (sensory  part),  and  lu  the  gyrus  unctnatus  (senMiry  area  of  the  (rre- 
l*r"m)  (^378,  IV).  Probably  the  fibres  at  their  origin  cross  lo  the  cerebrum.  There  is  a  cod 
nection  between  the  olfactory  bulbs  in  the  anteri:>r  commixiure.  [Each  nerve  is  rtdated  lo  boUi 
hemispheres.] 

Function. — It  is  the  only  nei^e  of  smell.  Physiologically,  it  is  excited  only 
by  gasfous,  odorous  bodies — {Sense  of  SmeU,  §  430).  Stimulation  of  the  ncrrr,  by 
any  other  form  of  stimulus,  in  any  part  of  its  course,  causes  a  sensation  of  smctl. 
[It  also  conveys  those  impressions  which  we  call  flavors,  but  in  Ibis  case  ihe  sen- 
sation is  combined  with  impressions  from  the  organs  of  taste.  In  this  case  also 
the  stimulus  reaches  the  nerve  by  the  posterior  nares.]  Congenital  abscDce  or 
section  of  both  olfactory  nerves  abolishes  the  sense  of  smell  (easily  performed  00 
young  animals — Biffi). 

Pathological. — The  term  byperosniia  is  applied  lo  cases  where  the  sense  of  smell  Es  caocs- 
sively  and  ubnormally  acute,  as  in  some  hysterical  penons,  and  in  ctats  where  there  is  a  pvtly 
subjective  sense  of  smell,  as  in  some  insane  persons.  *l*he  latter  is  jKihaps  due  to  an  almonm 
xiimulation  of  the  cortical  centre  ({  37S,  IV).  Hyposmia  and  anosmia  (/./.,  dinunuiton  aod 
abolition  of  the  sense  of  smell)  may  be  due  to  mechanical  causes,  or  to  over-slimutaiion.  Slrydi- 
nin  sometimes  increases,  while  morphia  diminishes,  the  sense  of  «mell.     [Method  of  Test 

344.  II.  NERVUS  OPTICUS.— Anatomical.— The  tractus  opticus  (T-1g.  428,  II)  1 
from  the  anterior  corpora  quadrigemina,  thr  cor^ius  geniculatum  externum,  and  the  thalamus  opitfUi 
(Fig.  428).  as  well  as  fiom  the  gray  matter  which  lines  the  third  ventricle  (  Tartufrri),  A  broad 
bundle  of  fibres  passes  from  the  origin  of  the  optic  tract  lo  the  cortical  visual  cetitr«,  a(  (he  ma. 
of  the  occi^Mial  lobe  on  the  same  side  (  Wernicke — \  379,  IV).  Fibre*  pas*  from  the  cerdielna 
through  Ihc  crura. 

The  optic  tract  bends  round  the  pednnculus  cerebri,  where  it  imites  with  its  lellow  of  tbe 
opposite  side  to  form  the  chiasma,  and  from  the  of^xxitc  side  of  this  the  two  optic  oerrea 
spring. 

[Connections  of  Optic  TracL^There  is  very  considerable  difficulty  in  aacettaining  tbe  eaaa 
origin  of  all  the  fibres  of  the  optic  tract.  Although  as  yet  the  statement  of  tJmtiolet  is  not  provol 
that  the  optic  tract  is  directly  connected  with  every  part  of  the  cerebral  hemisphere  in  man,  froa  ihe 
frontal  to  the  occipital  lol>e,  Htill  the  researches  of  D.  J.  Hamilton  have  shown  that  iu  cocuieCliMS 
are  very  extensive.  It  ii  certain  that  some  of  them  are  ganglionic,  1.  e.^  connected  with  the  saiMiis 
at  the  base  of  the  brain,  while  others  arc  cortical,  and  form  connections  with  the  coctca  cerafan.  Tbe 
(ranglionic  fibres  arise  from  the  corpora  geniculata,  pulvinar,  and  anterior  corpora  <|uailri|»e«iiaa. 
and  probably  also  from  the  substance  of  the  thalamus.  The  cortical  fitwrs  join  tbe  gui^iaak  w 
form  the  optic  tract.  Acconling  to  D.  J.  Hamilton,  the  connection  with  the  cortex  io  th«  yVanAt/ 
region  is  brought  about  by  "  Meynen's  commi^ure  "  The  Imller  arises  directly  from  the  l«Mteaftl> 
nucleus  loop,  clecus-Kates  in  Ihe  lamina  cinerea,  and  passes  into  the  optic  nerve  of  thr  oppoattc  sMft. 
The  lenticular  nucleus  loop  is  formed  below  the  lenticular  nucleus  by  the  junction  of  thci 
inedullaresi  the  trfrix  medullares  form  part  of  the  fibres  of  tbe  internal  capsule,  and  the  innn 
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mU  is  lai^Iv  composed  of  fibres  descending  from  the  cortex.  Hamilton  also  asserts  that  other  cor- 
tical oonnecuons  join  the  tract  as  it  winds  round  the  pedunculus  cerebri,  and  they  include  ^a)  a  large 
mass  of  fibrea  comin[r  from  the  motor  areas  of  the  opposite  cerebml  hemisphere,  crossing  m  the  cor- 
pus calloaum,  entering  the  outer  ca|-tftule,  and  )oinin^  the  tract  directly;  (i)  fibres  unllinf;  it  to  the 
mnporo-sphenoidul  lol>e  of  the  same  side,  especially  the  first  and  second  temporo -sphenoid at  convo- 
lutions; (c)  fibre*  to  the  gyrus  hipjxicamni  of  the  same  side;  [t/]  a  large  leash  of  Hbres  forming 
the  ** optic  radiation"  of  (iraiiolet,  which  connect  it  directly  with  the  lip  of  the  occipital 
lobe.  There  are  probably  also  intiirfcl  connections  with  the  occipital  region  thiough  some  of  the 
basal  ganglia.  Although  some  observers  do  not  admit  the  conneclionA  with  the  frontal  and 
iphertoidal  lobes,  all  are  agreed  aa  to  it&  connection  with  the  occipital  by  means  of  the  "  optic  radia- 
tion.'-] 

[The  optic  radiation  of  Gratiolet  is  a  wide  strand  of  fibres  expanding  and  terminatiDg  in  the 
occipital  lobes.  It  is  composed  of,  or,  °)tatcd  oiheroiM:,  gives  branches  to  (a)  the  optic  tract 
directly,  {b)  the  corpus  gcniculatum  internum  and  externum,  (i)  to  the  pulvinar  and  sulwlancc  of 
the  thalamus,  (i/)  a  direct  sensitive  band  (Meynert's  "Sensitive  band")   to  the  posterior  third  of 


i.h. 


,/ 


Fig.  423. 


Scheme  of  the  «eml'<)ecu»Mtlon  of  the  opdo 
nerves.    I..A.,  left  eye  ;  R^..  ri|ht  eye. 


I>iagram  ofibe  relsiion  of  the  li«l<J  of  vision, 
Kllna.aiul  optic  tracu.  KF,  LK,  right 
and  left  Acids  of  vision— (he  aiterUV  it  at 
th«  fixing  poini ;  RK,  LR,  rislit  *ai.  left 
retina — the  auensk  is  at  the  rimuU 
hilea;  /.A.,  •-.A.,  leH  h^lf  witd  right  h^lf 
of  cacH  retina,  recetvii>£  rays  from  the 
opposite  half  01  ihc  field  :  RN.LN.iiiiht 
and  left  optic  nerves;  CA.chlainui  ;  KT, 
LT,  ri|[Ut  and  left  optic  tracta ;  bclov, 
lh«  haTv»  of  the  fields  from  which  ioi- 
pre»aion»  pau  \»j  each  optic  tract  arc 
*upcr{mpo»ed  {Gvwtrt). 

the  posterior  limb  of  the  inner  capsule,  {e)  fibres  which  run  between  the  island  of  Rcil  and  the  tip 
of  the  occipital  lobe  (D.J.  ffamiitan).'\ 

I  Chiasma. — The  extent  of  the  decussation  of  the  optic  fibres  in  the  chiasnia  is 
subject  to  variations.  As  a  riile,  rather  more  than  half  of  the  fibres  of  one  tract 
cross  to  lh&  optic  ner^-e  of  the  opposite  side  (Fig.  423),  so  that  the  left  optic  tract 
sends  fibres  to  the  left  half  of  both  eyes,  while  the  right  tract  supplies  the  right 
half  of  both  eyes  (§  37S,  IV}.  [Thus,  the  corresponding  regions  of  each  retina 
are  brought  into  relation  with  one  hemisphere.     The  fibres  which  cross  arc  from 

•  the  nasal  half  of  each  retina  (Fig.  424).] 
Hence,  in  man,  destruction  of  one  optic  tract  (and  its  central  continuation  in  the  occipital  lobe  of 
the  Cerebrum)  produces  "  equilateral  or  homonymoua  hemianopia."  In  the  cat  there  is  a  semi- 
decussation; hence,  in  this  animal  extirpation  of  one  cychall  causes  atrophy  and  degeneration  of  half 
of  the  nerve  iibres  in  both  optic  tracts  (GNifi/en).  Uaurn^arten  and  Muhr  have  observed  a  similar 
^B  result  in  man.    A  sagittal  section  of  the  chiasma  in  the  cat  produces  partial  blindness  of  both  eyes 
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(yieati).    According  to  Gudden,  the  fibres  which  decussate  art  more  numcroas  than  tbow 
do  not,  although  t-  Milling  maintains  that  they  are  only  slightly  more  numerous.     According  to 
Stilting,  the  dccu&MiIing  fibres  lie  in  the  central  axU  of  the  nerve,  while  ihoM:  which  do  not  drmiMir 
form  a  layer  around  the  former. 

CMher  obgerver&  maintain  (hat  there  is  complete  decossation  of  all  the  fibres  id  the  diiastna. 
Htace,  Sfe/i'oH  of  one  optic  nrrvf  causes  ditauiion  of  the  pupil  and  blindncu  00  the /• 
white  section  of  one  optic  trout  causes  dilaution  of  the  pupil  and  blindness  of  the 

{^KhoW).     In  osseous  fishes,  both  optic  nerves  are  isolated  and  merely  cross  over  CAch  ^ 

in  the  cyctosiomata  tbcy  do  not  cross  at  all.     [Total  decussation  occtirs  in  those  aftitnak  where  the 
eyes  do  not  act  tf>gtrthcr.] 

Injury  of  the  external  geniculate  body  and  section  of  the  anterior  brachium  have  th«  wnr  effcd 
as  section  of  the  o[)lic  tract  of  the  samt  side  {\  J59 — Bechtrrnv). 

In  very  rare  cases  the  decussation  is  absent  in  man,  so  that  the  right  tmct  passes  directly  ioio  the 
right  eyeball,  ami  the  left  into  the  left  eyeball  (  VrsaJtus,  Gi/Juni),  the  tight  Dot  being  interfered 
with. 

It  is  quite  certain  that  the  individual  fibres  do  not  divide  in  the  chiaama.  Two  commiiBures,  tbc 
inferior  commissure  [GnJUen)  and  Mcynert's  commissure,  unite  both  op4ic  tracts  Amber  bock. 

A  special  commissure  (C.  inferior)  extends  in  a  curved  form  across  the  posicriur  angle 
chiasnui  {^Gndiitn).     It  does  not  drgenvrate  after  enucleation  of  the  eyeballs,  so  that  it  is 
as  an  inler-ceniral  connection.     After  excision  of  an  eye,  there  is  central  degeneration  of  ih 
of  the  optic  nerve  entering  the  eycliall  [  C"«i/(////),  and  in  man  alnjui  the   ha!f  nf  the  fibres 
corresponding  optic  tract  [BaHmj^artm,  Mokr).     After  section  of  both  optic  ner\-es,  or  eui 
of  both  eyeballs,  there  is  a  degeneration,  proceeding  centrally,  of  the  whole  otitic  tract.     The  dc- 

gt-nrrntion  extends  to  the  origins  tn  the  ooqxifa 
((uadrigeminn,  corpora  geoiculaUL,  and  pulrinar,  tMI 
not  inio  the  conducting  paths  leading  to  ibe  oonial 
visual  centre  {y.  Mcnakcnc)  ($  37S,  IV,  I). 

[Hetnianopia  and  Hemianopsia. — \Miea  sm 
optic  tract  is  interfered  with  or  divided,  there  u  i: 
fcrcncc  n-ith  or  loss  of  sight  in  the  buer«]  bal«^ 
Uilh  rrlin.x,  the  blind  part  being  separated  frwa 
wlier  half  of  the  field  of  virion  by  a  vertieal 
When  it  i>  spoken  of  as  paralyids  of  craeloir  of 
retina,  the  term  hemiijpia,  or  preferably  bemi. 
opia,  is  applied  lo  it;  when  with  rrfcicnce  to 
fitld  of  vision,  the  term  hemianopsia  is  used  (1 
Eye).  Suppose  the  left  optic  tract  to  be  diTided 
presiit!d  upon  In- a  tumor  at  K  t  Fig.  423),  then 
outer  half  of  the  left  and  the  inner  naif  of  the  1 
eye  are  blind,  causing  right  lateral  Memiamofitia^  1. 
the  two  lulves  are  affected  which  correspoad 
ordinary  vision,  so  that  the  conditton  is  ipoken  of 
hotnonymous  hemianopsia.  Suppoie  ihc  loiai 
to  be  at  r  (Hg.  425),  then  there  is  paralyab  af  jht 
iMttfr  halves  of  in>[/i  eyes,  causing  ioithU 
htmioHopiia.  When  there  are  two  lesioa 
which  is  very  rare,  the  oHtfr  halves  of  both 
parnlyicd,  so  that  there  is  JouHe  Htuat 
In  order  to  explain  some  of  the  eye  sympcoott 
«ni«;  A-,  fibrr,  procc^dina  from  ih«  right  ocMsonaUy  occur  in  Cerebral  disease,  Chantt  hm 
.  and  conitntt  ingriKor  in  ih«  l«f(  itriniiphrre  suf^Kised  that  Some  of  the  fibres  which  pass  froia  the 
K;);  Uk;  K,  Iciion  of  the  Itfi  mpiie  tract  cxtcmal  geniculate  body  lo  the  visual  ceotmfai  ibi 
T.^e'iHf  hc^'lpl'^pr^^Tn'^rr::!;.^  JSL^v"  occjf^tal  lobe  cro«  behind  the  corpora  qudrv»h>.. 
opix  (right  eye);  T,  lc»ion  producing  temporal  and  this  IS  represented  in  the  diagram  OS  OO 
hemiaiiDpsw;  NN.Iolon  producing  nasxl  ticmi-  TQ,  in  the  corpora  .lUiulngeniina.  (In  thb 
*^'*"*'  the  occipital  cortical  filircs  from  one  eye 

malcly  pass  to  the  coitev  of  the  occipital  tobr  ol 
Opposite  hemisphere.     This  view,  however,  by  no  means  explains  all   the  fact*,  for  tn  oneL  _ 
homonymous  hemianopsia  the  jicint  of  central  vision  on  both  sides,  1.  ^.,  tto4h  macuhv  late*  are 
always  unaffected,  so  that  it  is  nsKumed  that  each  mncula  luiea  is  connected  ulth  both  hetnbf^mw 
The  second  crossing  suggested  by  Charcot  probably  docs  not  occur.     .Aflecliors  of  the  optic        ^~ 
f.jf.,  between  the  cyctiall   and  the  chiasnia, /.  r,  in  the  orbit,  opiic  foramen,  or  within   the 
aflect  one  eye  only:  of  the  middle  of  the  chiasma,  cause  temporal  hcmiofiia;  of  the  opi 
between  the  chiasma  oiid  occipital  cortex,  hcmiopia,  which  is  nlwn)-s  symmetrical  (Gt*ivfrf). 
Kig.  424,  reduced  from  that  of  Go  vers,  shows  the  relation  of  the  fields  a(  vj^u«i  of  the  rt^" 
tracts,  and  the  cerebral  optic  centre. 


Plagrsm  ot  ilir  (Jecu»«ali(>n  at'  ihe  optic  ir.acts  T, 
■emi-^lecuktalion  in  ihc  ctilasma  ;  TO,  decussa- 
tion of  ftUrm  Itehitid  the  txi.  gcnicuUlr  tmdiei 
(CG) ,  a'i,  fibre*  which  do  not  deru^t^le  in  the 
Chiatma:  ff'tt,  fibfr* 
eye,  a 
(LOG 
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Function. — The  optic  nerve  is  the  nerve  of  sight;  physiologically,  it  is 
excited  only  by  the  transference  of  the  vibrations  of  the  ether  to  the  rods  and 
cones  of  the  retina  (§  sS$).  Every  other  form  of  stimulus,  when  iipplied  to  the 
nerve  in  its  course  or  at  its  centre,  causes  the  sensation  of  light.  Section  or 
degeneration  of  the  nerve  is  followed  by  blindness.  Stimulation  of  the  optic 
nerve  causes  a  reflex  contraction  of  the  pupils,  the  efferent  nerve  being  the  oculo- 
motorius  or  third  cranial  nerve.  If  the  stimulus  be  very  strong,  the  eyelids  are 
closed  and  there  is  a  secretion  of  tears.  The  influence  of  light  upon  the  general 
metabolism  is  stated  at  §  127,  9. 

As  the  optic  nerve  has  special  and  independent  connections  with  the  so-called 
visua/  ce/Un  (§  378,  IV),  as  well  as  with  X'rx^  cetitre  fornamnvin^  the  pupil  {%  345), 
it  is  evident  that,  under  pathological  circumstances,  there  may  be,  on  the  one 
hand,  blindness  with  retention  of  the  action  of  the  iris,  and  on  the  other  loss  of 
the  movements  of  the  iris,  the  sense  of  vision  being  retained  (  Wernicke). 

Palbo logical. — ScimulatioQ  of  ttlnio'it  the  whole  of  the  iiervoiLi  apparaius  may  cause  excessive 
Kiuibijity  of  the  visual  aj^ratu^*  (hypersesthesia  optica),  or  even  visual  impr cessions  of  the  mnit 
varied  kinds  (pbotopsla,  cbromatopsia),  wliich  iu  cases  of  siimulation  uf  the  visual  centre  may 
tKCome  actual  visual  baDudnalinns  ({  37IJ,  IV').  Material  change  in,  and  inHamiuation  uf,  the  iicr* 
vous  apparatiis  are  often  foUow-ed  by  a  nervous  weakness  of  vLsion  (amblyopia),  or  even  by  Ulind* 
oess  (ftnaaurosia).  Both  conditiun^  however,  inajr  t>e  the  signs  ufdi^.turlmnccs  of  other  oi^an5,  i,  f., 
they  are  V  sympathetic  "  signs,  due  il  may  be  to  changes  in  the  movement  of  the  blood  stream,  depend- 
ing upon  slimulntioii  of  the  vasomotor  nerves.  The  discovery  of  the  partial  origin  of  the  optic  nerve 
from  the  sinital  cnrd  explains  the  occurrence  of  amblyopia  with  partial  atrophy  of  the  optic  nerve,  in 
dJwase  of  the  spinal  cord,  especially  in  lal'cs.  Many  poisons,  such  a»  lead  and  alcohol,  distarb 
vision.  Tlicre  arc  rcniarltnhle  intermittent  form*  of  amaurosis  known  as  day  blindness  or  heme- 
ralopia,  which  occurs  in  some  dii^eases  of  the  liver  and  Ls  sometimes  as&ocinted  with  incj[>ient  cntaract. 
[The  person  can  set  l)ettcr  in  a  dim  light  than  during  the  day  or  in  a  bright  Ught.  In  night  blindness 
or  nyctalopia,  the  i»cnon  cannot  see  at  night  or  in  a  dim  light,  while  vision  is  good  during  the  day 
or  in  a  bright  light.  It  dqxiids  upon  disorder  of  the  eye  iuetf,  and  i^  usually  associated  with  imper- 
fect conditions  of  nutrition] 

345-  III.  NERVUS  OCULOMOTORIUS.^-Anatoinical.— It  springs  from  the  oculo- 
moTorius  nucleus  (united  with  that  of  the  trochlearis) ,  which  is  a  direct  cootinuation  of  the  ante- 
rior baan  uf  the  «]>inal  cord,  and  lie*  unner  the  aqueduct  o(  Sylvius  (Fig,  428).  [The  motor  nucleus 
[Fig.  427)  gives  origin  to  three  sets  of  librcs,  for  (1)  the  most  of  the  muscles  of  tne  eyeballs,  (2)  the 
sphincter  pupillfc.  1  3'j  ciliary  muscle.  Tlie  nucleus  of  the  third  and  fourth  nerves  is  also  connected 
with  that  of  the  HXth  under  the  iter,  so  that  all  the  nerve:i  to  the  ocular  muscles  are  thus  co-related 
al  their  centres.] 

The  origin  is  connected  with  the  corpora  quadrigemina,  to  which  the  intra-ocular  fibres  may  be 
traced,  and  also  with  the  opposite  half  of  the  tirain  to  the  angular  gyms  ($  378,  I)  through  the 
pedunctilu^  cerebri  Itcyond  the  pon<>,  it  a()pear5  on  the  inner  »Heof  the  cerebral  peduncle,  t>ctween 
the  superior  cerebellar  and  posterior  cerebral  arteries  (I'ig.  428,  III). 

Function. — It  contains^i)  the  volunury  motor  fibres  for  all  the  external 
muscles  of  the  eyeballs — except  the  external  rectus  and  superior  oblique — and  for 
the  levator  i^alpebrx  superioris.  The  coordination  of  the  movements  of  both 
eyeballs,  however,  is  independent  of  the  will.  (2)  The  fibres  for  the  sphintter 
pupi/icty  which  are  excited  reflexly  from  the  retina.  (3)  The  voluntary  fibres  for 
the  muscU  of  accommodation^  the  tensor  choroideic  or  ciliary  muscle.  The  inira- 
bulbar  fibres  of  2  and  3  proceed  from  the  branch  for  the  inferior  oblique  muscle, 
as  the  short  root  of  the  ciliary  ganglion  (Kig.  -139).  They  reach  the  eyeball 
through  the  short  ciliary  nerves  of  the  ganglion,  v.  Trautvetler  and  others 
obser\*ed  that  stimulation  of  the  nerve  claused  changes  in  the  eye  similar  to  those 
which  accompany  near  vision.  The  three  centres  for  the  muscle  of  accommoda- 
tion, the  sphincter  pupiUai,  and  the  internal  rectus  muscle,  lie  directly  in  relation 
with  each  other,  in  the  most  posterior  part  of  the  floor  of  the  third  ventricle 
{^Hensen  and  Vblckers). 

The  centre  for  the  reflex  stimulation  of  the  sphincter  fibres  by  light  was  said 
to  be  in  the  corpora  quadrigemina,  but  newer  researches  locate  it  in  the  medulla 
oblongata  (§§  379,  392).     The  narrowing  of  the  pupil,  which  accompanies  the 
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act  of  accommodation  for  a  near  object,  is  to  be  regarded  as  an  associated  movc^ 
ment  (§  392.  5). 

AnastomoseB.— Id  man.  llie  nerve  uiastoniosei  on  the  sinus  cavcrWHus  with  thr  oi^rtfaUaae 
branch  of  the  trigeminus,  whereby  ii  receives  tmsoryfibret  Jor  the  mHstlfi  to  wliieh  «  U  dwigiirted 
{ValtHHH,/tda'itiik'\,vn\\x  the  sympathetic  throuKh  **«  caioud  plciuf^  And  (?)  indtrccUy  tkto^ 
the  abduccns.  whereby  it  receive*  vuoniotor  fibres  (?).  ^  ^ 

Varieties.— In  some  rare  coses,  the  pupillnry  fibres  for  the  sphincter  nin  in  ihe  inaMW* 
{AdamQk)t  or  even  in  the  trigetninus  {S^hiff,  v.  CrS/e). 

.-  >  Atropin  paralyzes  the  intra-bulbar  fibres  of  the  oculomolorius,  while  Calabar 
tcan  stimulates  them  (or  paralyzes  the  sympathetic,  or  both — compare  5  59'^ 

Sttmulatioo  of  the  nerve,  which  cnuses  conlmcticm  of  the  pupil,  is  best  dcoionMvtcil  on  the  6t<^- 
Uted  and  opened  head  of  a  bird.  The  pupil  b  dilated  in  pnrnlj-si*  of  the  oculomoioniu,  tn  a^ym, 
sudilen  cerehml  uncemia  {f-g-,  by  I^ture  of  the  caratkls.  or  beheading),  luddcn  venom  i-iiimnitti, 

and  at  denth.  

'  Paihological.^Complete  paralysis  of  the  oculoniotorius  li  followed  by  (i>  drooptng  01  fm 
upper  eyeliii  (ptosis  paralytica):  (2)  imnuihiliiyof  the  eyclioll;  (3)  i-iuimtnK  (strabiwnoi)  oyTwrt 
and  downward,  onii  conie<)ucnlIy  there  is  double  vision  (diplopia);  (^)  iliyhl  jirrtro-Mtiw  of  tfcccT*- 
ball,  liecause  the  action  of  the  superior  oblique  miwcle  in  pulling  the  eyeball  forward  i«  00  Icncc 
compensated  by  the  action  of  three  pnmly/cd  recti  muscles-  In  ammalfi  providcti  with  a  mracxcr 
bulbi  muscle,  Ihc  jirdtnision  of  the  eyeball  ih  more  pronounced ;  (5)  moderate  ditatatiun  of  the  pa^ 
(mydriasis  paralytica) ;  (fi)  the  pupil  does  not  contract  lo  light;  (7)  inabihty  to  accnmnuMlatc  Nt 
a  near  object.     It  is  to  be  noted,  how«et,  that  the  paralysis  may  be  confined  to  indivklual  UaoclKi 

of  the  nerve,  /.  ^.,  there  may  l<e  incomplete  pamlj-sis,  

[Squinting.— In  parslyaia  of  the  superior  rectus,  the  eye  cannot  be  moved  Dpward.snd  «^ 

Fig.  426. 


latcnwl               Eaiemal               Superior               Inbrior  Infitior 

roctua.                 r*ciu«.                 rectus.               oUiqac.  ractua.                 — _,_ 

The  black  gtom  rcprucnU  tbe  in>e  ina2«,  the  Ushi  crou  the  fabe  imac«.  Tfca  VAtfh  iHHSiamcd 

all  caaca  {Jirutvw). 


mttmemk^ 


cinlly  upward  and  ntitword.  There  is  diplopia  on  looking  upward,  the  false  imsKe  being  ahnrr  tSr 
true,  and  turned  to  the  ilt^htwhen  the  left  eye  is  nfTected  (Fig.  426,  3).  lofetior  Rectus. — r>cfca 
of  downward,  and  especially  downward  and  outward  movement,  the  eye  being  directed  upward  aad 
outward.  Diplopa  with  crossed  images,  the  false  one  is  below  the  true  image  and  placed  obliqudy, 
being  turned  to  the  left  when  the  left  eye  is  affected.  Diplopia  is  ino*l  trmibleaome  when  the  oijwt 
is  below  the  line  of  virion  (Fig.  426,  5).  Internal  Rectus. —  defective  inward  tnoventcnt.  di«tT 
gent  5(}uint,  and  diplopia,  the  images  being  on  the  same  plane,  (be  false  one  to  the  palienl's  rigtfat 
when  the  left  eye  is  affected.  'ITie  head  is  turned  to  the  healthy  iide,  when  looking  at  an  ob^co. 
while  there  is  secondary  deviation  of  the  healthy  eye  outward  (Fig.  426.  i ).  Inferior  oblique  is 
rare,  the  rye  \s  tnmed  slightly  downward  and  inward,  and  defective  mm-ement  upwarrL  iJiplofai 
with  the  false  image  above  the  true  one,  especially  on  Uniting  up«-ard  ;  the  false  image  ts  obliqac^ 
and  dirrctrnl  to  the  patient's  left  when  Ihc  left  eye  if  affected  (Pig   426,  4).' 


►  ] 


Stimulation  of  the  branch  mpplying  the  levator  palpebrae  in  man  eaues  lagophthal 
spasticuB,  while  stimulation  of  the  other  mnlor  lilircs  catties  a  corresponding  strabismus  spaat  ~ 
'Ilie  Utter  form  of  squiming  may  be  caused  also  reflcxly — «*./..  in  teething,  or  in  c»«-*  of  dianb>xa 
in  children ;  [the  presence  of  worms  or  utlicr  source  of  irritation  in  the  intestines  of  children  is  A 
frequent  cause  of  h^uinttrig] ,  Clonic  s(o»itw  occur  in  Ao/A  eye*,  am)  also  as  involuotafy  lumaueotf* 
of  the  eyeballs  constituting  nystagmus,  which  may  be  produced  l)y  stimulaiimi  of  the  corpoia  qnad- 
rigemina,  a«  well  agt  by  other  mean».  Tunic  contraction  of  the  sphincter  popillie  is  callnl  myosta 
spastica,  and  clonic  contraction,  hippus.  -Spasni  of  the  muscle  of  accnmtnodaiion  (ciliary  umikW^ 
i«  sometimes  observed :  owing  to  the  imperfca  judgment  of  distance,  this  cooditton  u  not  ui6«- 
qoently  awocialcd  with  macropia. 

[Conjagate  Deviation.— Some  movements  are  produced  by  oon-currejyoiidiog  iimiLliii  IbH, 
on  looking  l»  the  Hf  ht.  we  use  the  right  external  rectus  and  left  internal  rectus,  and  the  vmm  b  tfat 
case  in  turning  the  head  to  the  rtght.  f.g.,  the  inferior  olili>iue,  some  muscles  of  the  r^^  skic  set 
along  Willi  the  left  stenio-msstoid.     In  hemiplegia,  the  muscles  on  one  side  are  paralysed,  so  tliMt  like 


{t'oalartat  pjr^miHy 


^K  Medttllk  ebloofata,  with  the  corpora  quadHgeminii.     1'lic  numbcn /K— .IT// indicate  the  superficial  orif{i»  of  the 
^B  craiUl  oerveft,  while  tboM  0~ia)  indicaie  their  deep  oni;in,  i.  #.,  the  potliion  of  iheir  ceiUral  nuclei ;  /,  funicu- 

^B         lmt«r«a. 

"  346.  IV.  NERVUS  TROCHLEARIS.— Anatomical.— It  arisrs  from  ihc  valve  ot  VicuRscns- 
t\  f.,  behind  l))c  fourth  ventricle,  liut  iLs  fibres  pnss  tu  the  ociilomotorious  froni  the  troth/earii  hhsUus^ 
which  t»to  a  ccnain  extent  a  continual iim  of  the  anterior  horn  of  the  spinal  cord  (Ki^.  427).  Il 
passes  to  the  lower  margin  of  the  corpora  <:|uadrigemina,  pierces  the  roof  of  ihe  aqueduct  of  Sylvius, 
then  into  the  velum  medullarc  HuprriiLs,  and  aflrr  decussating  wilh  the  root  of  the  a[K>osi{c  ^dc 
hchtn<l  the  iter,  it  pierce*  llic  crus  ni  the  superior  und  cxiernnl  I)order  (Fig.  428).  Its  fibres  cmas 
between  iu  nuclcu5  and  it»  tli<<tribuiion.   It  Has  bIbo  an  nrigin  from  the  locus  ccerulcus.     The  root  of 

■    the  nerve  receive*,  somt  fibres  from  the  nucleus  of  the  alxlucens  of  the  opposite  side.    Phywologiaillj', 


640 


THE  NERVUS  TRIGEMINUS. 


Function, — It  is  the  voluntary  motor  nerve  of  the  superior  oblique  musctc.  (I 
coordinated  movements,  however,  it  is  involuntary.) 


Fio.  4*8. 


4 


«»..  'I*' 


^m\f' 


fiT 


',Cto 


I: 


/<v 


d?a 


tl 


Pm  of  lh«  liaicof  the  btmin,  with  the  oniiiuof  ihccranUI  ncrrc*; 
ihc  convoluiionc  ot  the  Ubml  of  Reil  un  ihc  iSgbi  siJe,  but  re* 
moved  CD  the  Wt.  I',  olUctory  tract  cut  short:  II, left  optk 
nerve;  H',  ri^ht  opilc  met;  /^,cui  lurfjice  of  the  left  optic 
th^limui;  C,  centnl  lobe,  or  Lsund  of  Rcil .  Sy.  (i»urc  of 
Syl*)Uft;  XX,  the  tocuipcTfbfatiu  anliciis;  ^.  the  external,  And 
/,  the  internal  corpus  ueplcuUi^un  i  A,  hypophyftis  cvrctifi ,  tc, 
lubcr  cinercum,  with  the  iofundibtiluio  :  n,  jminn  l<i  one  of  the 
corpont  klbic^ivtiA.  P,  th*-  cerchral  pwliinrle  .  y.  the  fillet ;  III, 
left  oculomotor  nerve.  X,thc  locii*  perfvmiut  poiticu* ;  PV, 
poBuVarolii;  V.  the  itrcaier  purt  i>f  the  fifth  nerve:  ~,lb«Us- 
MT  rooi  (on  tbe  right  tide  ihit  mark  ti  pUiccd  on  the  trauiensn 
EMl^ioaMidpoinu  to  the  IcK^cr  nx>t|;  i,  uplitlwlniic  divuion 
of  the  fifth;  Vll  M.IJicbl.  VII  /.  auililof  y  :  Vltl.  vafm . 
VIII  a.  glo>«o-pliarrn(eiil :  Vtll  i,  tpinil  acccMOry ;  IX, 
hypoglustal;  ft,  il«ccu1ii» :  /^,  horltonial  SMiire  of  ibc  cerebei- 
liun  iCf);  HM.  aaiygdab ;  At.  anterior  pvtamld ;  «,  olivftry 
body:  e,  rr^t'ifonn  bod^  :  J,  Hnterior  meakon  fiMurc;  <*/,  ihe 
lateral  column  uf  ihc  apmaJcurd  .  CI,  the  tub-occipit»l  or  fir^t 
cervical  nerve. 


Anastomoses.  —  Tts 
with  the  plriu^  caroCictii  sympslfaid, 
iDd  with  ibe  tirst  Irattch  <rf  lfa«  Bri- 
(;eminiu,  have  the  sunc  sSaiSamnt  ■* 
umilar  branches  of  ihc  ociiKNWiUiriwL 

Pathologicftl. —  Parslysis  of  lis 
lro.'hlcnrU  nnve  causes  arer^'riisfal  km 
of  tbti  molMlily  of  ibe  eyeball  otitwanl 
and  dowrwini.  Thwr  is  slight  samiiit- 
ing  inward  and  apward.  with  diploiaa, 
or  duulile  vuinn.  Tlic  iina{»ei arc  placed 
oblii|uc]y  o«'cr  each  olbcr  [the  EiW 
image  being  the  lower,  and  directed  to 
Ihe  paiient'ti  li^hi  when  the  Wfi  tyt  ii 
affected  (Kig.  426.  6)]  ;  ther  apfiroadl 
each  other  wbeo  the  head  15  tnmed 
toward  the  sDund  Mde,  and  are  xym 
rated  when  the  haul  is  turned  to«art 
the  other  side.  The  ^uiient  at  tin 
liirecLs  bii  head  ibrward ;  later  be  louio 
ii  round  a  vertical  axi«  toward  the  9av<A 
side.  In  routing  hu  head  (whcrtbylA* 
sauntf  eye  may  retain  the  primary  (■» 
lion),  the  nre  rotates  with  it.  SpMa 
of  the  trocnlearb  causes  sr)aailing  o«' 
word  and  downward. 

347.  V.  NERVUS  TRIGEMI- 
NUS.—  Aoatomical. —  Tbe  tripne 
nu5  {F'tg.  ^29.  5),  arises  like  a  iftiji 
nerve  try  two  roots  (Fig.  43S,  V' 
'I'he  smaller,  anterior,  motor  raoi  | 
Ccetls  from  tbe  **  motor 
nucleus"  ($t,  which  i«  jwnvi 
many  mulliftolor  nerve  ccUa.  1 
the  floor  of  the  m^^lulla  oblongaCa,  I 
for  from  the  middle  line-  Fibres  > 
ncct  tbiit  nucleus  with  the  cortical  mcitiy 
centner  on  the  oppooiie  side  of  the  mrt- 
bruin.  Besides  this  tbe  *'  desccadJOf 
root"  also  supplies  motor  Aires.  It 
extends  laterally  from  tbe  corpora  oomI- 
rigcmtna  along  the  aquednd  of  Sjnviai 
downward  to  Ibe  exit  of  the  Dcnc 
{//r»U,  fertl  (.      The   Urge    poWflof 

sensory  rixti  receiver  l'tt>ro :  (t)  Froca 
the  Miiall  cells  of  the  "sensory  Iri- 
geminal  nucleus"  which  ties  tA  the 
level  of  (he  poos,  aod  is  the  ana- 
lopie  of  tbe  postrhor  horn  of  llw  fia)r 
matter  of  tbe  spinal  cord,  fi)  Fru* 
tbe  gray  mailer  of  tbe  posterior  bora  d 
the  spinal  curd,  downward  as  far  as 
tbe  second  cervical  venehra.  TbcK 
fitrres  rati  into  the  potterior  cohona  «^ 
the  curd  and  then  appear  at  the  **  i 
Cending  root  "  in  the  trif^naima. 
Some  hhres  come  from   tbe  ce 


through  the  crura  cerehcUi.  The 
gins  of  the  sensory  root  an«.^tomosc  with  the  motor  nuclei  of  all  the  nerves  arising  from  tbe  1 
oblongata,  with  the  excc|)tion  uf  the  abduCens.  'Ihis  explaiiu  the  vast  number  of  reflex  TclMsDIW 
of  the  lifib  nerve,  Tbe  thick  trunk  appears  on  each  side  of  ihc  pons  ( Fie-  428),  when  its  pooiflrior 
root  1  perhaps  in  connectioo  with  some  fitwcs  from  the  anterior)  forms  the  Oasaerian  (anglion. 
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Dpon  the  tip  of  the  pelroiu  part  of  the  temporal  bone  (Fig.  439^.     Plbres  from  the  sympathelic 
proceed  from  (be  plexus  cnvrmosxis  to  Ibc  ganglion.     The  netve  divides  into  three  '"rge  branches. 

I.  The  ophthalmic  division  ( Fipj.  429,  d)  receives  sympathetic  fibres  {vaso- 
motor nemes)  from  the  plexiLs  r^vernosiis;  it  passes  through  the  superior  orbital 
fissure  [sphenoidal]  into  the  orbit.      Its  branches  are: — 

I.  The  small  recurrent  nerve  which  gives  sensory  branches  to  the  tentoriura 
ccrelielli.  Fibres — the  vasomotor  nerves  for  the  dura  mater — proceed  along  with 
it  from  the  carotid  plexus  of  the  sympathetic. 

t.  The  lachrymal  ncr^e  gives  oflf  (a)  Sensory  branches  to  the  conjunctiva,  the 
upi»er  eyelid,  and  the  neighboring  ])art  of  the  skin  over  the  temple  (Fig.  429,  a) ; 
(b)  true  sensory  fibres  to  the  lachrymal  gland  (?).  Stimulation  of  this  nerve  is 
said  to  cause  a  secretion  uf  tears,  while  its  section  prevents  the  reflex  secretion 
excited  through  the  sensory  nerves  of  the  eye.  After  a  time,  section  of  the  nerve 
is  followed  by  a  paralytic  secretion  of  tears  {Hfrzenstdn  ami  XVoifert)^  although  the 
italement  is  contested  by  Reich.  The  secretion  of  tears  may  l>e  excited  reflexly, 
by  strong  stimulation  of  the  retina  by  light,  by  stimulation  of  the  firet  and  second 
branches  of  the  trigeminus,  and  through  all  the  sensory  cranial  nerves  {^Demt- 
schtnkos  {%  356,  A,  6), 

3.  The  frontal  (/)  gives  off  the  supratrochlear,  which  supplies  sensory 
fibres  to  the  upi»er  eyelids,  brow,  glabella,  and  those  which  excite  the  secretion 
of  tears  reflexly  ;  and  by  its  supra-orbital  branch  (^),  analogous  branches  to  the 
upper  eyelid,  skin  of  the  forehead,  and  the  adjoining  skin  over  the  ten\ple  as  far  as 
the  vertex. 

4.  The  naso-ciliary  nerve  (a^I,  by  its  infra-trochlear  branch  supplies  fibres, 
similar  to  those  of  3,  to  tlie  conjunctiva,  carunciila,  and  saccus  lacrimalis,  the  upix;r 
eyelid,  brow,  and  root  of  the  nose.  Its  ethmoidal  branch  supplies  the  tip  and  ala: 
of  the  nose,  outside  and  inside,  with  sensory  branches,  as  well  as  the  upper  part  of 
the  septum  and  the  turbinated  bones  with  sensory  fibres,  which  can  act  as  afferent 
nerves  in  the  reflex  secretion  of  teara ;  while  it  is  probable  that  vasomotor  fd>res 
arc  supplied  to  Oiese  parts  through  tlie  same  channel.  (T'hese  fibres  nuy  be  derived 
from  the  anastomosis  with  the  sympathetic  {?).)  The  naso-ciliary  nerve  gives  off 
the  lung  root  (/)  uf  the  ciliary  ganglion  (r),  and  i  to  3  long  ciliary  nerves. 

The  ciliary  ganglion  (Fig.  429,  c),  which,  according  to  Schwalbe,  perhaps 
belongs  ratiier  to  the  third  than  the  fifth  nerve,  has  three  roots  (a)  the  short 
or  oculomoiorius  (3 — see  §  345)  ;  (^)  the  long  (/),  from  the  naso-ciliary ;  and  (r) 
the  sympathetic  {s)  sometimes  united  with  b,  from  the  carotid  plexus.  The 
short  ciliary  nerves  (/),  six  to  ten  in  number,  proceed  from  the  ganglion,  along 
with  the  long  ciliary  nerves,  to  near  the  entrance  of  the  optic  nerve,  where  they 

H  [wrforate  the  sclerotic  coat  and  run  forward  between  it  and  the  choroid. 

I      Ciliary  Nerves. — Physioiogiciiil\\  these  nerves  contain  : — 

1.  The  motor  fibres  fur  the  sphincter  pupillse  and  the  tensor  choroidese 
from  the   root  of  the  oculomotorius  (§  345,  2.  3). 

2.  Sensory  fibres  for  the  cornea,  which  are  distributed  as  excessively  fine  fibrils 
lietween  the  epithelium  of  the  conjunctiva  buibi ;  they  ])erforate  the  sclerotic.  These 
fibres  cause  a  reflex  secretion  of  tears  (N.  lacrimalis)  and  closure  of  the  eyelids 
( N.  facialis).  Sensory  fibres  are  supplied  to  the  iris  ( jiain  in  iritis  and  in  operations 
on  the  iris),  the  choroid  (painful  tension  when  the  ciliary  muscle  is  strained),  and 
the  sclerotic. 

3.  Vasomotor  nerves  for  the  blood  vessels  of  the  iris,  choroid,  and  retina. 
They  arise  in  iiart  from  the  sympathetic  root,  and  the  anastomosis  of  the 
symiathetic  with  the  ophthalmic  division  of  the  trigeminus  (  Wtgner).  The  iris 
and  retina  receive  most  of  their  vasomotor  nerves  from  the  trigeminus  itself 
{RogffUi),  and   few  from   the  sytnjiathetic ;    according  to  Klein  and  Svellin,  the 

_   retinal  vessels  are  not  influenced  either  by  stimulation  or  division  of  the  sympathetic. 

L 


Scml-diuTUBoutic  reprctenution  of  ihe  nenretof  the  eyeball,  the  coiiiMClioiu  of  the  trifeniiwM  «Bd  tti^i 
together  villi   the  iucicd  and  2low>-pl>A''yii£ca|   net«c».    3,  BtancJi  to  tlie  hifctfat  ^>U(tDe  miack 
oculuinoturiua,  with  the  thick,  thort  luot, to  Uic  ciliary  gattglion  (r) ;  /,  clllnry  netvo  :  /,  long  fO"4tO  A 
from   the    n  "  ' 

carotid  iii\ 
hninclte«  1 

tngemiitu*;    ...   ,     .,    ^    .    .,__.._, ,„--.. - — .,,- 

the  «Yiopai^eiic:  N,  the  nawl  branches,  and  /jt^,  the   pjilAtine  branchet  of  ih*  (]in|lk)ri .  « .  uj»  Smmtm 

tnaxlHary  division  of  the  irigeminii*  ;  i.lingtuil;  f  t,  ch'jrdii  tympaol :  n*.  otic  aaogllon,  witli  tliC  t««M  ft«M  Ift* 
trcn|>anic  plcxui,  the  carotid  dIcriu,  uml  from  ihe  3d  branch,  and  with  Ui  brutcnet  (o  tttc  auricuto-*— pw»l  <A), 
vmJ  to  ihe  cHorda  (//} :  L,  tuo-mAtdUry  fiunglioi)  with  it«  roott  from  thtftynipaoico-lipgukl,  and  ihe«yyaifc<ni 
pUxtu  on  the  external  nrtery  (f).  7.  Facial  ncne— y,  iti  great  itipcrlScUl  peirotal  brvicn  :  «.  fpioC.  y  aif  iitoi¥»  : 
#,  branch  to  the  lyraiianic  Dlexus;  -v.  brunch  lu  the  fttnpcdiui;  4,  anaitomolic  Iwif  10  ibe  xuruuUr  Mwacft  cfA* 
vagiu;  It,  chords  tymiutni ;  S,  fttylo-tnaitoid  foramen  9.  Glowa-tihiiiynyeal— A.  it>  tj'npatuc  bcmrii :  «.  aaA 
«,  connection*  with  the  facial :  L',  lerminaliom  of  the  gmUiorir  fibres  o'^  in  ine  cireitmnttat*  p»jMn»:  Jf, 

Hmpattictic  with  Gf,  m,  the  wpcriot  cerviCitl  (ungllon :  /,  //,  ///,  ft',  the  four  upper  cervical  fwnt*;  r,  papHMl, 
,  tub-mojilllary  glud. 
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4.  Motor  fibres  for  the  dilator  pupill^,  which  for  the  most  part  are  derived 
jora  the  sympathetic  (Petite  1^2^),  through  the  sympathetic  root  of  the  ganglion, 
wid  the  anastomosis  of  the  sympathetic  with  the  trigeminus  {Batogh,  Oehf). 
SSome  observers  deny  altogether  the  existence  of  a  dilator  pupilla;  muscle  (§  384). 
fThe  ophthalmic  division  contains  independent  fibres  for  the  dilatation  of  the  pupil 
tSchijff^,  which  arise  in  the  medulla  oblongata  and  proceed  directly  into  the  oph- 
thalmic (?  or  arise  from  the  Gasserian  ganglion — Orhi). 

It  is  not  conctustvely  determined  whether  in  man  dilator  Bbres  also  proceed  llirougb  the  sjnnpa.- 
thetic  root  of  the  ciliary  {•oiigltun,  and  reach  the  iris  through  the  ciliary  nerves.  Iti  the  do^  and  cat 
these  tibres  do  not  pass  through  the  ciliary  ganglion,  hut  go  directly  nlong  the  optic  nerve  to  the  eye 
{ffensm  anJ  ^'o/cJterj)  tbroi^h  the  Gasserian  gamglion,  tu  lis  ophthatoiic  branch  and  through  the 
long  ciliary  nerves  {Jtgorow).  In  btrdB^  the  dilator  fibre*  run  only  in  the  fifth  {Ze^ttHski).  For  the 
eentre  (^  367,  &). 

After  section  of  the  trigeminus,  the  pupil  becomes  contracted  after  a  short 
period  of  dilatation  (rabbit,  frog),  but  this  effect  is  not  permanent.  After  excision 
of  the  superior  cervical  ganglion  of  the  sympathetic,  the  power  of  dilatation  of  the 
pupil  is  not  completely  abolished.  The  narrowing  of  the  pupil  which  follows  sec- 
tion of  the  trigeminus  in  the  rabbit,  and  which  rarely  lasts  more  than  half  an 
hour,  may  be  regarded  as  due  to  a  reflex  stimulation  of  the  oculoraotorius  fibres  of 
the  sphincter,  in  consequence  of  the  painful  stimulation  caused  by  section  of  the 
^geminus. 

I  Stimulation  of  the  Sympathetic, — Fitht-r  in  the  neck,  or  in  its  course  to  the  eye,  when  the 
peripheral  end  of  the  cervical  5)ini«iihctic  is  stimulated,  besides  the  effect  on  the  blood  vessels,  there 
n  liilatatioH  of  the  pupil ^  aH  well  ni*  contraction  of  the  smooth  musiular  jlhres  in  the  orbit  and  eye- 
lids. The  niemtiruia  orbitalis,  which  separates  the  orbit  from  ihe  temporal  fossa  in  animals,  con- 
tains numcrtnis  smooth  muscular  libres  {muicuiar  orbitalis).  The  corresponding  membroue  of  the 
eferiur  orbital  fissure  [spheno-maxitlnry  fissure]  in  tnan  has  a  layer  of  smooth  muscle,  one  milli* 
eire  thick,  and  arianged  for  the  roost  part  lungitudinally.  Both  eyelids  contain  smooth  muscular 
fibres  which  serve  to  close  them ;  in  the  upper  lid  they  lie  as  if  they  were  a  coniinunlion  of  the 
levator  palpebre  superioris;  in  the  lower  lid  they  close  under  the  conjunctiva.  Jenon's  <apsult  alw 
contain:!  smooth  muscular  fibres.  The  sympathetic  nerve  supplies  all  these  muscles  {Heinr.  Miitier) 
r— (the  orbital  mu5cle  is  partly  supplied  from  the  spheno  palatine  ganglion) ;  in  animals,  the  retractor 
pf  the  third  eycHd  at  the  iiint-r  .inglc  of  the  eye  is  similarly  sui^plied.  llenct,  sfiffiu/aiion  of  the  sym- 
j^lhetie  causes  dilatation  of  the  pupil  and  of  the  palpebral  fissure,  with  ]]rotrusion  of  ihc  eyeball, 
hliis  result  may  be  causi.-d  rcllexly  by  strong  stimulation  of  sensory  ner\'es.  Strong  stimulation  of 
ne  nerves  of  the  sexual  organs  is  followed  by  simUar  phenomena  in  the  eye.  The  dilatation  of  the 
Bttpil.  which  occurs  m  children  affected  with  iatestinal  worms,  is  perhaps  an  analogous  phenomenon. 
^*he  pupil  is  dilated  when  the  spinal  cord  is  sLimulaled  (at  the  origin  of  the  sym[>alhelic),  as  ia 
IrtanuB. 

\  Section  of  the  sympathetic,  besides  other  effects,  causes  narrowing  of  the  fissure  between 
ifae  eyelids,  the  eyeball  sinks  in  its  socket  (and  in  animals,  the  third  eyelid  is  relaxed  and  pro- 
truded). In  dogs,  section  causes  internal  squint,  as  the  external  rectus  receives  some  iix>tor 
fibres  from  the  sympathetic,  (Origin  of  these  ti\»es  from  the  cilio-spin&l  regioD.  Spinal  Cord^ 
}362,  I) 

It  is  probable  that  trophic  fibres  occur  in  the  trigeminus,  and  pass  through 
tie  ciliary  nerves  to  reach  the  eye.  If  the  trigeminus  be  divided  within  the  cra- 
nium, after  six  to  eight  days,  inflammation,  necrosis  of  the  cornea,  and  ultimately 
complete  destruction  of  the  eyeball,  take  place,  constituting  panophthalmia 
\Fodira^  1823;  MagcnJie). 

\  Trophic  Fibres. — In  weighing  the  evidence  for  andagaiusi  the  existence  of  trophic  fibres,  we  must 
scar  in  mind  the  following  considerations:  1.  Section  of  the  trigeminus  makes  the  whnlc  eye 
iDsenaible ;  the  oniraal  is  therefore  unconscious  of  direct  injur}-  to  its  eye,  and  cannot  therefore  remove 
«ny  oflcmiing  Iwdy.  Dust  or  mucus,  which  may  adhere  to  the  eye,  is  no  longer  removed  by  Ihc 
reflex  ciobing  of  the  eyelids ;  while,  owing  to  the  absence  of  the  reflex,  the  eye  is  more  open  attd  is 
ihercforc  subject  to  more  injuries:  ibe  rcllex  secretioa  of  tears  Is  also  arrested.  Snellen  (1857) 
fixed  the  car  of  a  rabbit  ia  fiont  of  its  eye  so  as  to  protect  the  latter  and  shield  it  from  injuries,  and 
|ie  fouuil  that  the  iaflammalion  and  oilier  events  occurred  at  a  later  dote,  while,  according  Lo  Meiss- 
^ler  and  Bilttner,  if  the  eye  be  protected  by  means  of  a  complete  capsule,  the  intlammation  does  not 
IKcur  at  all.     There  can  be  nu  doubt  that  the  less  of  the  seosibiltty  of  the  eye  favors  Ihc  occurrence 


644 


TROPHIC  NERVES   IN   THE  TRIGEMINUS. 


of  InHammatiDn.     But  Meissner,  BUitncr.and  Schiff  obtervcd  thai  indsmmatkia  oi  the  rye  i 
when  the  trophic  (mo«l  internnl')  fiitres  alone  were  divided,  the  eye  mi  the  s»mc  lime  rctMmn^ 
sensiluUty:  this  would  seem  to  indicate  (he  existettce  of  trophic  tibre».but  Cohnhciin  and  ^cnfileti 
dispute  the  slalement.     Ccinveniely,  the  senubiliiy  of  the  eye  may  be  abolished  by  paxtisl  »ecti<i(i  i 
the  nerve,  yet  the  eye  does  not  liecome  infbmed  [Sf^iff).     Rnnvier,  who  denies  the  e»iMri»ee  r.f 
trophic  nerves,  made  a  circular  incision  round  the  nuirj^iu  of  the  curnea  thnni^h  it»  tupcrticial  Uycn, 
iO  as  to  divide  all  the  ci>niical  nerves,      [n»cnsibilily  of  (lie  cornea  was  thereby  }>roduced,  but  never 
keratitis.     Funtier,  in  ninn  aiitl  aniinah.  when  they  are  unable  to  close  their  eyelids  there  \%  iritiiw 
with  secrelinn  of  lean>.  or  5Hi>hl  drynexs  and  opacity  of  the  surface  of  the  eyrbnll   ixerosii).  but 
never  the  intlammatioti  already  dcscrilicd  {Siimuei).     2.  We  mu<A  also  take  into  consider aiica  ibe 
following:  Section  of  ihc  tii^cminua  paralyzes  the  vasomotor  nerves  ia  the  intcrinr  of  the  eyeball, 
which  must  undoubtedly  cause  n  disturbance  in  the  inlro-ocatar  circulation.    According  to  le&ixr  bikI 
Grilnhagen.  the   lrigeminu&  also  contains   vasodilatar  Jibres,  whose   stimulaiiun    u    followed   by 
increased  flow  of  blond  to  the  eye,  with  coasecutive  ci^crdion  of  the  tibriu  faclurt  and  tncresae  in 
the  amoant  of  albumin  of  the  aqueous  hunoor.     3.  After  section  of  the  ner>-c.  the  intia-oculw 
tension  is  diminished  (while  stimulaiiun  of  the  nerve  \*>  f<.>llowcd  by  increa^tc  uf  the  intrK-ocular 
pressure)  [I/ipffi/,  GrUn/iai^fH).     Thb  diminuiion  of  the  normal  tension  necessarily  must  akcr  lYt 
normal  relation  of  (he  tilling  of  the  bloud  and  lymph  ve&sels.,  and  also  the  movement  of  the  flaidv 
upon  which  the  normal  nutriilon  Is  largely  deiwndem.     4.  Kilhne  obfcr^'ed  that  stimulation  of  iU 
ci>rncnl  nerves  wa»  followed  by  contraction  of  the  so-cailcd  corneal  corpu>clcs.      Pcrliapo  the  rjotp- 
menls  oi  these  coriiasclcs  may  influence  the  normal  movement  of  the  lymph  in  the  canalicular  sy>toB 
ol  the  comen  (^  3^4) ;  these  movcmtmtii,  hnwever,  would  seem  to  depend  upon  the  ncrvotu  tyit/cm, 
so  that  ils  destruction  if.  likely  to  produce  distuibance  of  nutrition. 

[There  arc  three  conditions  on  which  the  changes  may  depend:  (l)  mere  ln»$  of  tenu^nlitT. 
which  alone  is  not  sutlicicni  to  explain  the  phenomctia:  (2)  vasomotor  di^url»ancc,  which  ;j 
excluded  by  the  atnve  fact*i,  and  aUo  by  the  other  coiisideralinn  thai,  if  the  tifth  nerve  bcdi^niri! 
and  the  siuiierior  cervical  f>&nglion  exci-^ed  Mmulimieously,  ophthalmia  does  not  occur,  and,  m  ■^' 
cxci-sion  of  thi^  sympathetic  ganglion  may  modify  the  resulUt  of  section  of  the  Hfth  I  Sim:  .1. 
Thus  we*  are  force<l  to  (3!  the  theory  of  trophic  fibres,  whose  centre  i*  the  GasKrian  gangtion.] 

Pathological. — In  cn.'^es  of  an.x-sthesin  of  the  tiigeminus  Jii  man,  and,  more  rarely,  in  severe  bl 
tation  of  this  nerve,  inflammation  of  the  conjunctiva,  ulceration  and  pefforaiinn  of  ihe  comflu,  1 
finally  panophthalmia,  have  been  obser\'ed  [Chor/es  Bell).     This  coiidilion  ha±>  lieen  called  opfathd 
mia  neuro- paralytica.     Samuel  found  that  a  simihir  result  was  produced  li}-  electrical  stimuUtion  t 
the  Ga&serian  ganglion  in  animals. 

There  arc  other  afFection?i  a\  the  eye  depending  upon  disease  of  the  vasomotor  nervea,  which 
are  quite  diflfcront  from  the  foregoing,  as  they  never  lead  to  degenemtive  changes.  Such  is  ophthal- 
mia intermittens  (due  tu  malaiia},  a  unilateral,  intemiittenl.  exceaaive  hlltng  of  the  blood  rcaril 
of  the  eye,  accompanied  b)-  the  secretion  of  tears,  ph'>toj>linbia,  often  accompanied  by  triiis  aikd  db- 
slon  of  pus  into  ihe  chambers  of  the  eye.  This  condition  is  regarded  ns  a  vofo-ncurotic  aiTecttoa  of  tW 
ocular  bloofl  vessels  by  Eulenburg.  Putbulouical  uh>,er  vat  ions,  n^  well  as  rxi^rriinnits  upon  aninals 
have  shown  that  there  is  an  intimate  physiological  conneaiou  between  the  voj^ular  areas  of  balk 
eyes,  so  that  atTections  of  the  vascular  are.i  of  one  eye  are  apt  to  induce  siimlar  diAturhance*  of  the 
opposite  eye.  TIlis  serves  to  explain  the  fact  that  initammatory  processes  in  the  interior  of  one  «yr 
ball  are  apt  to  produce  a  similar  condition  in  the  other  eye.  ilus  is  the  so-called  **  SjrmpatlHtic 
ophthalmia."  Thus  stimulation  of  the  cilior}'  nerves,  or  the  lilth  on  <»*/  side,  enures  ditaiaiion  of 
the  blood  vessels  not  only  on  its  own  side,  but  also  on  the  aher  side  as  well  {Jeiner  anU  Omm 
hngnt).  Tlie  pathological  condilion  of  glaucoma  simplex,  where  the  intra-*tcu'.-T  —  '  sg 
increased,  is  ascribed  by  Donders  to  irritation  of  the  Irigcminus.  [Increased  ' 
may  I'C  produce<l  by  imtiilion  of  the  -iecrelory  tibre*  coivtiined  in  the  t'lhh  nctvc  (/  .  .  jy< 
lating  the  nucleus  of  the  trigeminus  in  ihe  medulla  oblongata  ( //i/yv// 0114/ (7rfiivjka^nv ).  ajid 
retlexly  by  irritation  of  the  peripheral  brauche^  of  the  fifth,  as  by  nlcotin  placed  in  the  eye.  It  it  1 
sible,  however,  that  some  fonii»  of  glaucoma  ore  produced  by  diminished  removal  of  the 
humor  from  the  eye.]  t'nilnteml  secretion  of  tears,  due  lo  irniaiion  of  the  ophthalmic  division  1 
fifth,  has  been  repeatedly  observed,  Uit  unihucral  cessation  of  tear»,  due  to  panlyiic  condittoos,  < 
rarely. 

II.  Superior  Maxillary  Division  (Fig.  429,  /). — It  Rives  off — 
I.  The  delicate  recurrent  nerve,  a  sensory  branch  to  the  dura  mater,  whi< 
accompanies   the   vasomotor   nerves,  derived  from   the  stijjerior  cer\kul  gin- 
glion  of  the  sym]>athctic,  and  is  distributed  to  the  area  of  the  middle  meniogeal 
artery. 

3.  The  subcutaneous  malarnr  orbital  (<?)  stippliesby  its  temporal  and  ... 
branches  sensibility  to  the  lateral  angle  of  the  eye  and  the  adjoining  area  of  &h 
of  the  temple  and  cheek.     Certain  fibres  are  said  to  be  the  true  secretory  nc 
lor  tears.     Compare  N.  lacriraaiis,  |i.  641. 
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J.  The  dental,  anterior,  posterior,  and  median,  and  with  them  the  anterior  fibres 
from  tJie  infra-orbital  nerve,  supply  sensory  fibres  to  the  teeih  in  the  up[)er  jaw, 
the  gum,  periosteum,  and  the  cavities  of  the  jaw  (p,  643).  The  vasomotor  nerves 
of  all  these  parts  are  supplied  from  the  tipper  cervical  ganglion  of  the  sympathetic. 

4.  The  infra-orbital  (R),  after  its  exit  from  the  infra-orbilal  foramen,  supplies 
sensoi^  nerves  to  the  lower  eyelid,  the  bridge  and  sides  of  the  nose,  and  the 
upi»er  lip  as  far  as  the  angle  of  the  month.  The  accomfxinying  ariery  receives  its 
vasomotor  fibres  from  the  superior  cervical  ganglion  of  the  s>Tnpathetic.  For  the 
sweat-secreting  fibres  which  occur  in  it  (pig)  see  §  2S8. 

The  sphenopalatine  ganglion  (Meckel's — //)  forms  connections  with  the 
second  division.  To  it  jjass  two  short  sensory  root  fibres  from  the  second  division 
itself,  which  are  called  sphena-palathu.  Motor  fibres  enter  the  ganglion  from 
behind,  through  the  large  superficial  j^ietrosal  branch  of  the  facial  (y)  ;  and  gray 
vasomotor  fibres  {v)  from  the  sympathetic  plexus  on  the  carotid  (the  deep  large 
petrosal  nerve).  The  motor  and  vasomotor  fibres  from  the  Vidian  nerve,  which 
reach  the  ganglion  through  the  canal  of  the  same  name. 

Branches  of  the  Ganglion. — (1)  The  sensory  fibres  (N)  which  supply  tlie 
roof,  lateral  walls,  and  septum  of  the  nose  (posterior  and  superior  nasal)  ;  the  ter- 
minal fibres  of  the  naso-palatine  pass  through  the  canalis  incisivus  to  the  hard 
palate,  behind  the  incisor  teeth.  The  sensory  inferior  and  posterior  nasals  for  the 
lower  and  middle  ttirbinated  bones,  and  both  lower  nasal  ducts,  are  derived  from 
the  anterior  palatine  branch  of  the  ganglion,  which  descends  in  the  palato-maxillary 
canal.  Lastly,  the  sensory  branches  for  the  hard  y^p)  and  soft  palate  (/,),  and  the 
tonsils  arise  from  the  posferior  palatine  nerve.  All  the  sensory  fibres  of  the  nose 
(see  also  ihe  Ethmoidal  neri>i)^  when  stimulated,  cause  the  reflex  act  of  sneezing 
(§  I  jo).  Preparatory  to  the  act  of  sneezing,  there  is  alwa)-s  a  peculiar  feeling  of 
tickling  in  the  nose,  which  is  perhaps  due  to  dilatation  of  the  nasal  blood  vessels. 
This  dilatation  is  rapidly  caused  by  cold,  more  especially  when  it  is  applied  directly 
to  the  skin.  The  dilatation  of  the  vessels  is  followed  by  an  increased  secretion  of 
watery  fluid  from  the  nasal  mucous  membrane.  Stimulation  of  the  nasal  nenes 
also  causes  a  reflex  secretion  of  tears,  and  it  may  also  cause  standstill  of  the  res- 
piratory movements  in  the  expiratory  phase  (AVwrf  •/«// AVaAr/w/fr) — -(romjiare 
Respiratory  r^«//-f ,  §  368).  (2)  The  motor  branches  descend  in  the  posterior 
palatine  nerve  through  the  smalt  palatine  canal,  and  give  ofl"  {/;)  motor  branches  to 
ihe  elevator  of  the  soft  palate  and  azygos  uvulae  {Nuhn)  The  sensorj'  fibres  for 
these  muscles  are  supplied  by  the  trigeminus.  According  to  Poliizer,  sjiasmodic 
contraction  of  these  muscles  occasionally  causes  crackling  noises  in  the  ears.  (3) 
The  vasomotor  nervesof  ihisentirc  area  arise  from  the  symjathetic  root,/,  e.,  from 
the  upix-r  cervical  ganglion.  (4)  The  root  of  the  trigeminus  supplies  the  secretory 
nerves  of  the  mucous  glands  of  the  nasal  mucous  membrane.  Stimulation  excites 
secretion,  while  section  of  the  trigeminus  diminishes  it  with  simultaneous  atrojihic 
degeneration  of  the  mucous  membrane.  Thus,  trophic  functions  for  the  mucosa 
have  b>een  ascribed  to  the  trigeminus  {^Aichenbnimit), 

StirouUlion  of  the  Ganglion. — Kccbic  electrical  siimulation  of  tbe  exposed  ganglion  causes  a 
copious  wcreiion  of  mucus  aiul  an  incrcuc  of  llic  tcmficraturc  in  the  riose  \^PrhH>sf')t  with  <]iIalion 
uf  the  vesseU  {Aschenbrandt's.     [Meckel's  garigliuu  lias  tieeu  exci^et!  in  certain  cases  of  neuralgia 

III,  Inferior  Maxillary  (g). — It  contains  all  the  motor  fibres  uf  the  fifth, 
along  with  a  number  of  sensory  fibres  ;  it  gives  off  — 

I.  The  recurrent,  which  springs  by  itself  fami  ihe  sensory  root,  enters  the 
skull  through  tbe  foramen  spinosum,  and,  along  with  the  nerve  of  the  same  name 
from  the  11  division,  supplies  sensory  fibres  to  the  dura  mater.  Fibres  proceed 
from  it  through  the  pctroso-squamosal  fissure  to  the  mucous  membrane  of  the  cells 
of  the  mastoid  process. 
I       2.   Motor  fibres  for  the  muscles  of  mastication,  viz.,  the  masseteric,   the  two 


I 
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deep  temporal  nerves,  and  the  internal  and  external  pterygoid  nerves.  The  sensory- 
fibres  for  the  muscles  are  sujjplied  by  the  sensory  fibres. 

3.  The  buccinator  is  a  sensory  nerve  for  the  mucous  membrane  of  the  check, 
and  the  angle  of  the  mouth  as  far  as  the  lips. 

According  to  Jolyet  and  I^ffonl^it  contains,  in  addition,  vasomotor  fibres  for  the  tnacous  mem- 
brane of  the  cheek,  lower  Up,  nnd  Lhcir  mucous  glands ;  but  these  fibres  are  probably  derived  from 
iKc  sympaihciic. 

Trophic  Fibres. — As  this  region  of  the  mucous  membrane  of  the  mouth  ulcerates  after  tectiorv 
of  the  irigeminuR,  some  have  5uppo>cd  that  Ibe  buccinator  nen'c  contain;;  trophic  6bres.  But,  as 
Rollctt  pointed  o\tl,  section  of  the  inferior  maxillary  nerve  pamlyzcs  the  muscles  of  masttcaiion 
on  the  same  side,  aitd  lien-ce  the  teeth  do  not  act  vertically  upon  each  other,  but  press  against  the 
cheek.  Owin^;  to  the  loss  of  the  sensibility  of  the  mouth,  food  passes  between  the  gum  and  the 
cheek,  where  it  may  remain  attached,  undergo  decomposition,  and  perhaps  chemically  irritate  the 
mucous  mrmhmne.  At  a  later  iitoge,  owinfr  to  the  wearing  away  of  the  tectb  in  an  oblique  manner, 
ulcers  bcf;in  to  form  on  the  jcMw</side.  Hence,  there  is  no  necessity  for  assuming  the  existence  of 
tro^ihic  fibres  in  this  nerve.  After  section  of  the  trigeminus,  the  nasal  mucous  membrane  un  the 
same  side  becomes  red  and  congested.  This  is  due  to  the  fact  that  dust  or  mucus,  not  bein^  removed 
from  the  nose  by  the  usual  rcllex  acts,  remains  Ibere,  irrttotcK,  and  uhimately  causes  inflammatioti. 

4.  The  lingual  {M)  receives  at  an  acute  angle  the  chorda  tj-mpani  (/  /),  a  branch 
of  the  facial  coming  from  the  tymjianic  cavity.  The  lingual  does  not  contain  any 
motor  fibres  ;  it  is  the  sensory  and  tactile  nerve  of  the  anterior  two-thirds  of 
the  tongue,  of  the  anterior  palatine  arch,  the  tonsil,  and  the  floor  of  the  mouth. 
These,  as  well  as  all  the  other  sensory  fibres  of  the  mouth,  when  stimulated,  cause 
a  reflex  secretion  of  saliva  (coni[)are  §  145).  The  lingual  is  accompanied  by 
the  nerve  0/  taste  (chorda)  for  the  tip  and  margins  of  the  tongue  (/.  e.,  the  parts 
not  supplied  l>y  the  glosso-pharyngeal).  After  section  of  the  Ungual  nen-e  in  man, 
Busch,  Inzani,  and  Lusanna  found  that  the  tactile  sensibility  wa:s  lost  in  the  half  of 
the  tongue,  and  there  was  loss  of  taste  in  the  anterior  part  [two-thirds]  of  the 
tongue.  The  fibres  which  administer  to  the  sense  of  taste  do  not,  as  a  rule,  belong 
to  the  lingual  itself,  but  are  derived  from  the  chorda  tympani  {^.  650)-  According 
to  Schifi",  the  lingual  nerve  is  the  gustatory  nerve,  and  some  cases  of  Erb  and  Sen- 
ator support  this  view.  Such  cases,  however,  seem  to  be  exceptions  to  the  general 
rule.  I'he  lingual  nerve  in  the  substance  of  the  tongue  is  provided  with  small 
ganglia  {Remake  Sfir/itig).  Schiff  observed  that  section  of  the  lingual  (and  also  of 
the  hypoglossal )  caused  redness  of  the  tongue^  so  that  vasomotor  fibres  are  present 
in  its  course.  It  is  unknown  whether  these  are  derived  from  the  anastomoses  of 
the  Gasserian  ganglion  with  the  synifathetic.  The  lingual  appears  to  receive  vaso- 
dilator fibres  from  the  chorda  for  tht  tongue  and  gum  (§  349). 

After  section  of  the  trigeminus,  animals  fre({uently  bite  thar  tongue,  u  they  cannot  ieel  ike 
position  and  movcmcats  of  iHis  organ  in  the  mouth. 

5.  The  inferior  dental  is  the  sensory  branch  to  the  teeth  and  gum  ;  the\'aso- 
motor  fibres  reach  it  from  the  superior  cervical  ganglion.  Before  it  passes  into  the 
canal  in  the  lower  jaw,  it  gives  off  the  mylohyoid  nerve,  which  supplies  motor 
fibres  to  the  mylo-hyoid  and  the  anterior  belly  of  ihe  digastric,  and  also  some  fibres 
to  the  triangularis  mcnti  and  the  platysma ;  the  muscular  sensory  nerves  also 
lie  in  these  branches.  The  mental  nene,  which  issues  from  the  menial  foramen,  is 
the  sensory  nerve  for  the  chin,  lawer  lip,  and  the  skin  at  the  margin  of  the  jaw, 

6.  The  auriculo  temporal  gives  sensory  branches  to  the  anterior  wall  of  the 
external  auditory  meatus,  tlie  tymjanic  membrane,  the  anterior  ])art  of  the  car,  the 
adjoining  region  of  the  temple,  and  to  the  maxillary  articulation. 

Fig.  430  shows  the  dUtriliuiton  of  the  Wanches  of  the  trigeminus  on  the  hcAd,  and  the  ccrricat 
nerves,  so  that  the  dislribulion  of  an:cst1ictic  and  hy|»en>.'blhetic  areas  may  eiuuly  be  made  out. 

The  Otic  ganglion  (m)  lies  beneath  the  foramen  ovale  on  the  inner  side  of  the 
third  division.  Its  roots  arc — (i)  short  motor  fibres  from  the  third  division i 
(2)  vasomotor  from  the  plexus  around  the  middle  meningeal  artery  (ultitnaiely 
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derived  from  the  cervical  ganglion  of  the  sympathetic) ;  (3)  fibres  (A)  run  from  the 
tympanic  branch  of  the  glosso- pharyngeal  to  the  tympanic  plexus,  and  from  thence 
^through  the  canaliculu'i  pelrosus  in  the  small  superficial  petrosal  in  the  cranium, 
then  through  a  small  canal  between  the  apex  of  the  petrous  bone  and  the  sphenoid, 
to  reach  the  otic  ganglion.  Through  the  chorda  tympani  the  facial  nerve  is  con- 
Kantly  connected  with  the  ganglion  (Fig.  430). 

The  branches  of  the  otic  ganglion  are — {i)  motor  twigs  for  the  tensor  tympani 
ind  tensor  of  the  soft  palate  (these  fibres  are  mixed  with  muscular  sensory  fibres — 
iMdwig  and  Politzer) ;  (2)  one  or  more  branches  connecting  the  ganglion  with  the 

Fig.  4,10. 
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button  of  thr  sensory  nerv«  on  the  hc4(i  a*  well  m  the  poiillon  of  the  motor  pomis  on  tha  iwek.  SO,  arva  of 
diatribuiion  of  th«  ftu(ira-orbital  nerve;  ^T.  •upra-lroc)il(Uir:  /T*,  infni-trochlexri  Z.,  lachrynul;  JV.  ethmoidal; 
JO,  inhn-orliitnl:   /T,  Imcciiinlor :  SM,  >ubcul:iiiciu  milx:  ^  y,  auriculo-lemporal;  J4jlf,grest  Buhciitar;    OMJ, 

k      crest  occipital .  OJf/',  leucr  uccipiul ;  C|,  three  ccrvlciil  iicnrch-  C^cuuuicuui  braachet  of  the  cervical  nenm; 
CM',  retlon  of  the  central  convoluiloni  of  the  brain ;  SC,  region  of  the  cpccch  centre  (third  IcA  frontal  convulutiuii), 

auriculo- temporal  are  carried  by  the  roots  1  and  3  from  the  sympathetic  and  glosso- 
pharyngeal, which  the  auriculo-temporal  nerve  (A),  as  it  passes  through  the  [>arotid 
gland  (P),  gives  off"  to  the  gland.  These  are  the  secretory  fibres  for  the  liarotid  ; 
Iheir  functions  arc  staled  in  §  145. 


I 


Section  of  the  trig^eminus  is  folluwcd  by  inHammatory  changes  in  ihe  tympuuc  cavity  (rabbit) ; 
tbc  degree  of  tnnanimaiion  variet  much  {Btrtholtt  and  GrUnhagtn).  Section  of  the  sytnpatbetic  or 
glouo-phatyngcal  hu  no  cftcct. 


The  submaxillary  ganglion  (Fig.  429,  L)lies  close  to  the  convex  arch  of  the 
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tympanico-lingual  nerve  and  the  excretory  duct  of  the  sub- maxillary  gland  <Mu 
Its  roots  are — (i)  branches  of  the  chorda  tyxnpani,  »/,  which  undergo  faitj 
degeneration  after  section  of  facial  nerve.     This  root  supplies  secretory  fibres  w 
the  sub-maxillary  and  sub-lingual  glands,  but  it  also  supplies  vaso-dilator  fibre 
for  the  blood  vessels  of  the  same  glands  (§  145)-     In  addition,  fibres  are  supulicdl 
to  the  smooth  muscular  6bres  in  Wharton's  duct.     All  the  fibres  of  the  cbortU  6o\ 
not  pass  into  the  gland ;  some  pass  along  with  the  lingual  nerve  into  the  toogue 
(sec  Chorda^  under  Facial  Nerte^     (a)  The  sympathetic  root  of  the  ganglion 
arises  from  the  plexus  around  the  sub-mental  branch  of  ihc  external  inaxiUaxy  ajtrry 
(y),  /.  A,  uUimaiely  from  the  superior  cervical  ganglion  ;  it  passes  to  the  gbod. 
and  contains  secretory  fibres,  whose  stimulation  is  followed  by  the  secretion  of 
thick  concentraied  saliva  (trophic  nerve  of  the  gland).     It  also  carries  the  vaso 
constrictor  nerves  to  the  gland  (p.  256).     (3)  The  sensory  root  spnngs  from  the 
lingual.     Some  of  the  fibres,  after  passing  through  the  ganglion,  supply  the  glami 
and  its  excretory  ducts,  while  a  few  issue  from  the  ganglioo,  and  again  join  tbc 
tympanico-lingual  ner\'e  to  reach  the  tongue. 

Pathological. — Trismus,  ur  spasm  of  the  muscUi  of  mattica/ion,  tup|ilicd  by  the  third  divioc^ 
Is  usually  bilateral;  it  may  be  clonic  in  il^  nature  (chaUering  or  the  ledh),  or  tonic,  when  (i«» 
stilutn  ihc  condilioa  of  lockjaw  or  trismiu.  Tbc  itpunu  ore  iviuaJly  indiviilual  i^inpianu  of  wait 
rxtcnitivc  convuUton^;  more  rnrely  when  they  occur  alone,  they  ore  symptcranotic  of  diMUcof  ibt 
cerebrum,  medulla,  (.<ons.  and  cortex  of  xhc  motor  convolutions  {Eufenhurg).  The  wptam  ottf  bv 
caaB«d  rcfiexly,  e.^-t  hy  stimulatiun  of  the  sensory  ner\'e*'  of  the  head. 

Paralysis. — Degeneration  of  the  motor  nuclei,  or  an  affeciion  of  the  inirscrmitl  root  of  the 
ner\-«?,  cau-to  panUy>i&  of  the  muscles  of  mn^ticaticrn.  which  Ja  vcr)-  rarely  bilalcni].  Pandyibof  tW 
tensor  timpani  is  said  to  cause  difHculty  of  bearirg  {Komhfr^),  or  buizing  in  the  can  (AnMli/\ 
^Ve  require  fujtber  observations  upon  this  point,  aa  well  as  upon  iiaralyMb  of  the  tnuor  of  tlicvi 
palate. 

Neuralgia  may  occur  in  all  the  Liranches  of  the  6ftb.  It  con<a<4s  of  severe  aitaclo  of  jvin  thUtic 
into  the  cxpandons  of  the  ncrve^^.  Il  it  usually  unilateral,  and  In  fact  is  often  confined  to  one  liiflck. 
or  e\'eTi  to  a  few  twigs  of  one  branch.  The  point  from  which  the  pain  proceeds  is  frequently  tbe  boBi 
canal  through  which  the  branch  i>sucs.  The  rar,  dura  mater,  iinil  tongue  are  rarely  attacked.  TVc 
attack  is  not  unfrequcntly  accompanied  by  contractions  or  twitching^  of  the  corresponding  gmpe' 
the  focial  mu^cIes.  The  twitchings  ore  either  reflex,  *ir  arc  due  to  direct  peripheral  irritaiionof  t^ 
tibres  of  tbe  facial  nerve,  which  arc  mixed  with  the  terminal  branches  of  the  trigeminus.  The  rdWi 
twiicbin^s  may  t>c  exlenMvely  diuributcd,  involving  eveii  the  mubclcs  of  tbe  arm  and  trunk. 

Redness  or  congestion  nf  the  affected  port  of  the  face  is  not  an  unfrn|ucnt  hrmplom  in  vnvnUffK 
and  it  may  be  accompanied  by  increased  or  dimint'hed  fecretion  from  the  no&al  and  tiuccsl  bihsm 
membranes.  This  i»  a  rellex  phcnumenon,  the  k}'mijalhctic  being  nJTectef].  Keflex  ttimslaiiai  i' 
the  vasomotor  nerves  fref|uenlly  give  rise  to  diifHrbauit  of  the  (frehnjl  <ufiviUfi,  .  -.  ^-::  -  -'-irpi 
in  tlie  distribution  of  tbc  blood  in  the  bead.     LudMig  and  Diitmar  found  thai  »tim  •■  ■■*** 

nerves  caused  a  reHcx  contraction  of  the  arterial  blood  vessels,  and  increase  of  the  1  ,..  ,  ;  Jtii 
the  cerebral  vei^sels.  Sometimes  there  is  melancholy  or  hypochondriasis,  and  in  one  com  of  vtoks 
pain  in  the  inferior  ma^ttllaiy  nerve,  the  attack  was  accompanied  by  hallucinotiuni  of  viiaon. 

The  trophic  disturbances  which  sometimes  accompany  alTeaions  of  the  trigeminus  orepanirs- 
lorly  interesting.  Tht-y  arr  :  a  lirilllF  character  of  the  hair,  which  frequently  l>ecomes  giBy,orMf 
fall  out;  circumsctibcd  arfsf  of  inflammation  of  the  skin,  and  the  appearance  ofa  lunl* 
eruption  upon  the  face  [often  followinj;  ihr  ilb-lribuiion  of  certain  nerves],  and  constituting  licrpn« 
which  may  also  occur  on  the  cornea,  constituting  the  neuralgic  herpes  comeK  of  Schmidt-RtBffec 
LoAtly.  there  is  the  progressive  atrophy  of  the  face  which  is  usually  confined  to  one  side,  fari  ^ 
occur  on  both  sides  {^JEuUnhurg).  \K  is  causicd  very  probably  \y\  a  impliic  affection  of  the  trigaaaot. 
although  the  vasomotor  nerves  may  also  be  affected  retlexly.  Ijindois  found  that  in  the  faaKMaca* 
of  Komberg,  a  man  named  Schwann,  the  sphy^mogrsphic  tracing  of  the  carotid  pulse  of  tbc  otrtfixd 
side  was  distinctly  smaller  than  on  the  sound  side. 

UrlnnlBchitsch  made  the  remturkable  observation  that  sllmulalion  of  tbe  tirnnchcs  of  the  litge»*w^ 
especially  those  going  to  the  ear,  cauicd  an  increase  of  the  sensation  of  light  in  ibe  pcnna  * 
stimutaled.  Blowing  up«n  tbe  cheeks  or  nasal  nmcuus  membnine.  electrical  iliinulatitin,  t)ie  OH  * 
snuff,  smelling  strong  perfumes — all  temporarily  increase  the  sensation  of  light.  Th*-  ^^-n-j-*  t>f  tiSC 
and  smell,  as  well  as  the  sensibiUty  of  certain  arcos  of  the  skin,  can  all  be  cxalto!  :.f^ 

stimuUlion  of  the  Irigrminu^.     In  intense  affections  of  the  enr,  whcretiy  the  fibre*  ■  ■  .uiMi 

are  often  affected  sympathetically,  the^e  sensory  functions  may  lie  dimint^ihed.  As  the  «m  outfT 
begins  to  Jmjirove,  the  excitability  of  these  sense  organs,  also  again  Ijegiru  to  improve. 

[Complete  section  of  the  trigeminus  results  in  loss  of  sensibility  io  all  tic 
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ris  supplied  by  it  (Fig.  430).  including  one  side  of  the  face,  temple,  jKirt  of  the 
ear,  the  fore  jjart  of  the  head,  conjunctiva,  cornea,  mouih,  gums,  Schneiderian 
mucous  membrane,  anterior  two-thirds  of  the  tongue,  and  part  of  pharynx.  In 
drink-ing  from  a  vessel,  llie  patient  feels  as  if  one  side  of  it  were  cut  away.  The 
muscles  of  mastication  are  jiaralyzed  on  that  side,  food  is  not  chewed  on  one  side, 
and  fur  accumulates  on  the  tongue  on  that  side.  The  mucous  membranes  tend  to 
ulcerate,  that  of  the  mouth  being  chafed  by  the  leelh,  the  gums  get  spongy,  ihe 
nasal  mucous  membrane  tends  to  ulcerate,  so  that  smelling  is  interfered  with,  and 
ammonia  excites  no  reflex  acts,  while  the  eye  undergoes  lanophthalmia  ] 

[Gowen  Is  of  opinion  that  ihc  nenhaliim  of  taslc  uti  the  jxititcrior  part  uf  the  tun^ue,  soft  palate, 
tiul  palntine  arch  depends  on  the  fifth  nerve  and  not  on  the  glosso- pharyngeal  ncn-c.] 

34B.  VI.  NERVUS  ABDUCENS.— Anatomical.— It  arises  slighily  in  front  of  and  panly 
from  the  nucleus  of  the  fnruil  nrrz'e  (which  txine^jxinds  to  the  nnterior  horn  of  the  spinal  cord), 
from  large  celled  gangliA  in  the  deeper  part  of  the  anterior  region  of  the  fourth  ventricle  femenenlia 
irrcs,  ]'lg.  437).  [lis  nucleus  Is  connected  with  the  nuclcos  of  the  third  nerve  of  the  opposite  Mde. 
It  appears  at  the  jjosterior  maigin  of  the  pons  (Kig.  42tt,  VI).  This  nerve  has  a  vwy  lor^  course 
beR're  it  enters  the  oibil,  and  as  it  beniU  over  the  posterior  margin  of  the  pon!>,  it  ia  liable  to  be 
compressed  there  or  from  prr-Aurc  nj:on  the  lenioriura  cerebclli,  $0  that  both  nerves  are  very  liable 
to  pamly&is.] 

Function. — It  is  the  voluntary  nerve  of  the  external  rectus  muscle.  In  coordi- 
nated movements  of  the  eyeballs,  however,  it  is  involuntary. 

Anastomoses. — Branches  reach  it  from  the  sympolhelic  upon  the  cavernous  sinas  (Fig.  429). 
A  lew  come  from  the  trigeminus,  and  their  function  if  analogous  to  similar  fibres  supplied  to  the 
irochlesris  and  oculomotor iii*i. 

Patbological. — Complete  paralysis  causes  squinting  inward  \ot  ionvergettt  squini^  and  con&C' 
qaent  diplopia.  [The  eye  cannot  be  rotatefl  outward  beyond  the  middle  line,  the  double  images 
are  in  the  same  borizontaJ  plane  and  vertical,  the  fal&e  one  is  to  the  left  of  the  patient's  eye  when 
the  left  eye  is  affected  (Fig.  426,  2).  The  feeling  of  (^iddineiis  is  often  severe.  There  is  secondary 
deviation  to  the  inner  side,  and  the  head  is  turned  toward  ihe  affected  side.]  In  dogs,  section  of 
the  cervical  hympathctic  causes  a  slight  deviation  of  the  eyeball  inwanl  {Peiif).  This  is  e>:pl&ined 
by  the  fact  that  the  ahducens  receives  a  few  motor  fibres  from  the  cervical  sympathetic.  Spasm 
of  the  abduccns  causes  external  squint. 

Squint.— In  addition  to  paralysis  or  stimulation  of  certain  nerves  producing  squint,  it  is  to  lie 
remembered  that  it  may  also  be  caused  by  a  primary  afleaion  of  the  muscles  themselves,  e.  g.,  con- 
genital shortnesiF,  contracture,  or  injuries  of  these  muscles.  It  may  also  be  brought  about  owing  to 
p&a^ifits  of  the  transparent  mc<lia  of  the  eye  ;  a  person  with,  soy  an  opacity  of  the  cornea,  rotates 
the  affected  eye  involuntarily,  so  that  the  rays  of  light  may  enter  the  eye  ihrniigh  a  clear  part  of 
the  media. 

34g.  VII.  NERVUS  FACIALIS.— Anatomical.— Tliis  nerve  consisu  entirely  of  efferent 
fibres,  and  arises  from  the  floor  of  the  fourth  vtnlriclc  from  the  "  facial  nucleus  "  (I'ig.  427.  ?}» 
which  lies  l)chind  the  oripin  of  the  abduccni,  and  also  by  some  fibres  from  the  nucleus  of  the 
abducens  [although  Oowcrs'  observaltons  do  not  confirm  this  (^  366)].  Other  fibres  arise  from  the 
ccfcbram  of  the  opposite  side  {\  37i*,  1).  It  consists  of  two  roots,  the  smaller — portio  intermedia 
of  Wrisbe^ — forms  a  conncciion  with  the  auditory  nerve  (sec  5  350).  The  original  librc^  of  the 
poilio  intermedia  are  developed  from  the  glusso-pharnygeal  nucleus  {SapoUm').  It  would  thus 
ap^ar  that  the  sensory  and  gustatory  fibres  which  are  present  in  the  chorda  tvinpani  enter  it  through 
these  fibres  [Duval,  Stktdfzf,  lu/fiian^,  so  that  the  portia  intermedia  is  a  spcciol  {>art  of  Ihe  nerve 
of  tasle,  which  becomes  conjoineil  with  ilic  foetal,  and  runs  to  the  ionf;ue  in  the  chorda.  Alotig 
with  the  auditory  nerve,  it  traverses  ihc  {xirus  acusticus  intcrnus,  where  it  pa!>M:!i  into  the  facial  or 
f'allopiitn  canaK  At  6rst  it  has  a  transverse  direction  as  far  as  the  hiatus  of  this  canal;  it  then 
bends  at  an  acute  angle  at  the  "knee"  (a)  above  the  tympanic  cavity,  to  descend  in  an  osseous 
canal  in  the  posterior  wall  of  this  apace  (Fig.  429).  It  emerges  from  the  stylo-mastoid  foramen, 
pierces  the  parotid  gland,  and  is  distributed  in  a  fan-shaped  manner  fpes  anserinus  major).  [The 
superficial  origin  is  at  the  lower  margin  of  the  pons,  in  the  depression  between  the  olivary  body  and 
the  rcstiform  body,  as  indicated  in  Kig.  438,  VII  tj.] 

Its  branches  are:  i.  The  motor  large  superficial  petrosal  (J).  It  arises 
from  the  "knee"  or  geniculate  ^anj^lion  within  the  Fallopian  canal,  in  the  cavity 
of  the  skull,  runs  tijmii  the  ai^terior  surface  of  the  tcm|X)ra]  bone,  traverses  the 
foramen  lacenim  medium  on  the  under  surface  of  the  ha**  of  the  skull,  anil  j^asses 
through  the  Vidian  canal  to  reach  the  sphcno-palatine  ganglion  (p.  645).     It  is 
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uncertain  whetlier  this  nerve  conveys  sensory  branches  from  the  second 
of  the  trigeminus  to  the  facial. 

2.  Connecting  branches  (j?)  pass  from  the  geniculate  ganglion  lo  the  otic  gw- 
glion.     For  their  course  and  function,  see  Otic  ^anglitm  (p.  646).  J 

3.  The  motor  branch  to  the  stapedius  muscle  ij),  " 

4.  The  chorda  tympani  (//)  arises  from  the  facial  before  it  emerges  at  the 
stylo-masioid  turamcn  (j),  runs  through  ilie  tympanic  cavity  (above  the  tendon  of 
the  tensor  tympani.  tietween  the  handle  of  ihc  malleus  and  the  long  process  of  the 
incus),  passe*  out  of  the  skull  through  the  fietro-tymfjanic  fissure,  and  then  joins  the, 
Imguai   ner\-e  at  an   acute  angle  {p.  646.  4).     Before  it  unites  with  this  ner^e, 
exchanges  fibres  with  the  otic  ganglion  (w).     Thus,  sensory  fibres  can  enter 
chorda  from  the  third  division  of  ihe  trigeminus,  which   may  nin   centripctally 
the  facial  lo  be  distributed  along  with  it.       In  the  same  way,  sensory  fibres  mar^ 
pass  from  the  lingual  nerve  through  the  chorda  into  the  facial  {Longit).     Stimula- 
tion of  the  chorda — which  even  in  man  may  he  done  in  cases  where  the  tympanic 
membrane  is  destroyed — caases  a  prickling  feeling  in  the  anterior  margins  and  t:p 
of  the  tongue  {Troltsck).     O.  Wolfe  found  that  the  section  of  the  chorda  in  man 
abolished   the  sensibility  for  tactile  and  thermal  stimuli   u]M)n  the  tip  of  the 
tongue ;  and  tlie  same  was  true  of  the  sense  of  taste  in  this  region.     It  is  suppo»e«J 
by  Calori,  that  these  fibres  enter  the  facial  ner\e  at  its  periphery  (especially  through 
the  auric ulo- temporal  into  the  branches  of  the  facial),  that  they  nm  in  a  centripdaJ 
direction  in  the  facial,  and  afterward  pursue  a  centrifugal  course  in   the   chortU.^ 
[It  is  possible  that  sensory  fibres  pass  from  the  sphenopalatine  ganglion   of  \\ 
fifth  through  the  Vidian   nerve  and   large  superficial  j>ctTosal  to  enter  the  facia 
These  fibres  may  be  those  that  appear  in  the  seventh  as  the  chorda  fibres  whicl 
administer  to  tasle.     Higelow  asserts  tliat  the  chorda  tympani  is  not  a  brancli^ 
the  facial,  but  the  coiuinuation  of  the  ncrvus  intcrmedius  of  Wrisberg.]     ~ 
chorda  also  contains  secretory  and  vaso*dilator  fibres  for  the  sub*maxillairy  and 
sub-lingual  glands  (§  145). 

Gustatory  Fibres. — The  chorda  also  contains  fibres  administering  lo  the  sense 
of  taste,  for  the  margin  and   tip  of  the   tongue  (anterior  two-thirds),  which  arc 
conveyed  to  the  tongue  along  the  course  of  the  lingual.      Urbantschiisch   mad^H 
observations  upon  a  man  whose  chorda  was  freely  exposed,  and  in  whom  its  stifnl^H 
lation  in  the  tympanic  cavity  caused  a  sensation  of  taste  (and  also  of  touch)  in  the 
margins  and  tip  of  the  tongue. 

It  would  seem,  therefore,  that  Ihe  gustatory  fibres  of  the  chorda  have  their 
origin  in  the  glossopharyngeal  nene.  They  may  reach  the  chorda:  i.  Through 
the  portio  intermedia  of  Wrisberg,  as  already  mentioned. 

2.  There  is  a  channel  beyond  the  stylo-inasioid  foramen,  vii.,  through  the  ramus  connnaakanft 
cum  glosso-pharyngco  [Fijj.  429),  which  passes  from  the  U-U  mcn'ioned  nerve  in  that  branch  of  ' " 
facial  which  cunuin^  the  motor  fit>res  for  the  slylo-hyoid  and  posterior  belly  of  the  digastric  mu 
(I tenters  N.  Myloideus).    This  nerve  aUo  ioppltes  miucular*icnsil>ilily  to  the stylo-hyoid  and  poste 
lielly  of  the  digutric  muscles.     It  is  aIm  n<;>>umed  ihat,  by  means  of  these  annstoraiMet,  motor  fib 
arc  supplied  by  the  facial  to  the  glosso-pharyn^eal  nerve.     3.  A  union  of  the  glosso -pharyngeal  aotf'' 
facial  nerves  occurs  in  the  t)7npanic  cavity,     llie  tympanic  branch  of  the  gloaso-pharyi^eal  {'K\ 
passes  ioio  this  cavity,  where  it  unties  in  the  tympanic  plexus  wiih  the  small  superficial  yeat 
nerve  (/?),  which  sprin^-t  from  the  knee  on  the  facial.     The  gustatory  fibres  tnay  first  paia  into 
otic  ganglion,  which  is  always  connected  with  the  chorda  (Olic  ganglion,  p.  647,  3). 
connection  is  described  through  a  twig  (t)  from  the  petrous  ganglion  of  ibe  glo 
direct  (o  the  facial  tnink  within  the  Fnllopiao  cannl  ( Garibaldi). 

According  to  some  observers,  the  chorda  contains  vaso-dilator  fibres  for  the 
anterior  two-thirds  of  the  tongue  (  Vuipian). 

Pseudo-motor  Action. — From  one  10  three  weeks  afler  the  section  of  the  hypoglossal  Dcrtc. 
siimulaiion  of  ihe  chorda  causes  movements  in  the  tongue  i^Philipptaux  and  V'tilpiam^.  TTie!* 
movements  are  not  so  energetic  as,  and  occur  more  slowly  than,  those  caused  by  blimuUtion  uf  llir 
hypoglossal.  NicoiiH  fiiM  excites,  then  paralyEcs,  the  motor  effect  of  the  chorda.  Eren  lAw 
cessation  of  the  circulation,  slimolaiiOD  of  the  chorda  causes  movemenu.     Heideuhala  suppoae* 
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tiMf,  owing  lo  the  itimalation  of  the  chorda,  there  it  aii  iucre«sctl  secretion  of  lymph  within  the 
mnsculature,  which  acts  as  the  cause  of  the  muscular  contraction.  He  called  this  action  " pieudo' 
motcr." 

[If,  after  the  union  of  the  central  end  of  the  Ungualis  and  the  peripheral  end  of  the  hypfvgtosal 
ner\'e,  the  lin^alis  be  stimulated,  there  is  a  genuine  contraction  of  the  musculature  of  the  tonpie, 
on  that  side.  A  pseudo* motor  contraction  is  easily  distinguished  from  a  true  contraction,  for  when 
a  telephone  is  connected  with  the  touf^e,  en  »ticnu1ating  the  hypoglossal  the  tone  of  the  tetanus 
tliereby  produced  U  heard,  but  on  simulating  the  hngual,  although  the  pseudo-motor  contractions 
occar,no  sound  is  beard  (jPtywpiVx).] 

5.  Connection  with  Vagus. — Before  the  chorda  is  given  olT,  the  trunk  of  the  facial  comes  into 
dii^t  relation  with  the  auricular  branch  of  the  vagus  (45),  which  crosses  it  in  the  mastoid  canal,  and 
&upi>lie«  it  with  sensory  nerves  (&ee  Vagus). 

6.  Peripheral  Branches. — After  the  facial  issues  from  its  canal,  it  supplies 
motor  fibres  to  the  stylo-hyoiU  and  iwsterior  bcUy  of  the  digastric,  occipitalis,  all 

Fig.  431. 


M.  5'onuilI>. 

M.  corniKRior  lupcrcllil, 
M.  orbiajLar.  palpcbr. 


Upper  branches  of  the  F«ci*l. 
Trunk  of  ilie  Facial. 

Urn.  relnitienselKltolcns  aurlcul. 

MtlSC.  occipiuli*. 

MMdlc  bniKbet  of  the  Faci«l. 
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Lower  braticho  of  iHc  FacIsI. 
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M.  dilaui.  narium. 
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Motor  poiiiU  of  the  laci'tl  nerve  xnd  the  facial  nuuclc*  supplied  by  tt. 
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the  muscles  of  the  extem.^1  ear,  the  muscles  of  expression,  buccinator  and  platysma. 
The  facial  also  contains  secretory  fibres  for  the  face  (compare§  28S). 

Although  most  of  the  branches  of  the  facial  are  under  the  influence  of  the  will,  yet  most  men 
Cinnot  voluntarily  move  the  muscles  of  the  nose  and  car. 

Anastomoses. — The  branches  of  the  seventh  nerve  on  the  face  anastomose 
with  those  of  the  trigeminus,  whereby  sensory  fibres  are  conveyed  to  ihe  muscles 
of  trxprcssion.  The  sensory  branches  of  the  auricular  branch  of  the  vagus,  and 
the  great  auricular,  enter  the  peripheral  ends  of  the  facial,  and  supply  sensibility  lo 
the  muscles  of  the  car ;  while  the  sensory  fibres  of  the  third  cervical  nerve  similarly 
supply  ihe  platysma  with  sensibility.      Section  of  the  facial  at  the  slylo-mastoid 
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foramen  is  iiainfiil,  bnt  it  is  still  more  so  if  the  peripheral  branches  on  the  hct  srr 
divided  {^Returrent  sensibility^  §  355). 

Pathological. —  In  all  cnses  of  paralysis  of  the  facial,  the  moM  in^i  Irirrmir.r 

\\  whclhrr  tlif  seat  of  the  affection  ih  in  the  pcriphen-,  in  the  region  of  lli  ^4ii.rir,  .t 

in  the  couiso  of  the  long  Fallopian  canal,  or  is  central  (ccrpbralj  in  its  oti^.i,,  ;  ....  ,--.(*;  ratal  t« 
(Iftcnninctl  liy  an  annlvM^of  (lie  synDptonis.  raralysif  ai  ihc  stylonta^toiil  foramen  U  very  frci|Qcail7 
rheumatic,  nrd  pmbolily  dci^nds  uix>ii  an  exudation  cocnprcs^ing  the  nerve;  the  fiurinlioa  pnib- 
ahly  occupying  the  l>inph  space  described  by  KQdinf^r  on  the  inner  side  of  the  Fallnpion  caea), 
between  the  [>efioalcum  and  the  nerve,  and  which  \s  a  continutilion  of  the  arachnoid  *\mtcx~  (Rbet 
causcH  sre — intlammaiioo  of  the  [urotid  (jlnnd,  direct  injury,  and  pressure  from  the  foitep^  ijurioi; 
delivery.  In  the  course  of  the  canal,  the  cauites  ate — £racture  of  the  temporal  bone,  cffusica  of 
ihe  blood  inia  the  canal,  syphiliiic  enfu&ionit,  and  caries  of  the  temporal  Lone;  the  last  acmcuaftei 
occurs  in  iiillammaLiuu  of  ibc  ear.  Amoni;  intra-cranial  causes  are — aiTeciiunt  of  the  mrmhranr* 
of  the  brain,  and  cf  the  base  of  the  !ikull  in  the  region  of  the  nerve,  diKOM  of  the  "  fJacial  noclvoa*'; 
lastly,  affection  of  the  cortical  centre  of  the  nerve  and  its  conneaions  with  the  nucleus.  [No  ncrrr 
is  so  liable  as  the  seventh  to  be  paralyzed  independently.] 

Symptoms  of  Unilateral  Paralysis  of  the  Facial  [or  Bell's  Paralysis], — i,  l^ualysu  of 
Ihe  muscles  of  expression :  The  forehead  is  •tmooth,  without  folds,  the  eyelids  remain  open 
llafophthalmus  paralyticus),  the  outer  angle  being  .slightly  lower.  The  anicrior  surface  of  the 
eye  rd).i<ily  becomes  dry,  the  cornea  is  dull,  as,  owin]j  to  the  paralysis  of  the  orbicularis,  the 
tears  ore  not  properly  di&tnl>uted  o%'cr  the  conjunctiva,  and,  in  fact,  in  consequence  of  the  dryocenf 
the  eyeball,  there  maybe  temporary  inflammBlion  (keratitis  xerotica).  In  order  to  protect  the 
eyeball  from  the  liuhl,  the  patient  turns  it  upward  umlrr  the  u|>|)cr  evrlid  (Brfr\,  relaxes  the 
levator  palpebrn?,  wTiich  allows  the  hd  to  fall  sotnewhat  (/Auj/).  The  no«e  ts  immovable,  while  the 
naso-lobial  fold  is  obliterated.  As  the  nustriU  caunoC  be  ddafed,  the  sense  of  »niell  u  inteHerel 
with.  The  impainncnt  of  the  sense  of  smell  dejicnds  more,  however,  U[Ktn  the  imperfect  coo- 
duction  of  the  tears,  owing  to  paralysis  of  the  orbicularift  julpebrarum  and  Horner's  miucle,  ibas 
causing  dryness  of  the  corresponding  side  of  the  nasal  cavity.  HorB»,  which  distend  the  noainU 
widely  during  respiration,  after  section  of  both  fncial  nerves,  are  said  iiy  CI.  Bernard  to  die  from 
interference  with  the  respiration,  or  at  least  they  suffer  from  severe  dyspntea  i£7/«-«*^/yrr).  The 
face  is  drawn  toward  the  sound  side,  so  that  the  nose,  mouth,  and  chin  are  oblique.  I'aralytii 
of  the  buccinator  interferes  with  the  proper  formation  of  the  bolus  of  fond ;  the  food  cotlecti 
between  the  cheek  and  the  gum,  from  which  it  is  usually  removed  l>y  the  patient  with  hta  Sogers; 
saliva  and  fluids  escape  from  the  angle  of  the  mouth.  Lhiring  vigorous  expiration,  the  cheeiu  art 
pufferl  outward  likr  ■  sail.  The  speech  may  he  affected  owin^;  tn  the  difficulty  of  sounding  the 
labial  consonants  (especially  in  double  paralysis},  and  the  voweU,  u.  Q  |ue)  A  (oc);  while  the 
speech,  in  paraly«.is  of  ihc  branches  to  lK>lh  sides  of  the  |)atale,  becomes  n3.vil  (J  6i8).  The  acts  of 
whistling,  sucking,  blowing,  and  spitting  are  interfered  with.  In  double  paralysis,  many  of 
these  lEvmptoms  arc  greatly  inicnsified.  while  others,  such  ns  the  obliijue  [K>»iii<mof  the  feacarca, 
disappear.  The  features  ore  completely  relaxed;  there  is  no  mimetic  play  of  the  fealuiet;  the 
patients  weep  and  laugh,  "as  it  weie.  behind  a  mask"  {^Rcmbtr^'\,  3.  In  paralysis  of  the  paUic. 
when  the  uvula  is  directed  toward  the  sound  ^ide,  and  the  paralyred  half  of  the  palate  hangs  dowv 
and  cnnnul  be  raised  (large  superficial  petrosal  nerve),' it  is  not  determined  to  what  extent  ihk* 
condition  influences  the  aet  of  deglutition  and  \\\k  formntioH  pf  thf  coHsonanls.  3.  Taste  ii  inlerfffcd 
with :  either  it  is  absent  on  the  anterior  two-thirds  of  ibe  tongiie,  or  the  sensation  is  delaynt  aari 
altered.  Tliiit  is  due  to  nn  affection  of  the  chorda.  4.  Diminution  of  saliva  on  the  attrcttd 
aide  was  first  described  by  Arnold;  still,  we  must  determine  to  what  extent  a  Mmultaneons  afFrctton 
of  the  sense  of  taste  may  cause  a  reHex  interference  with  the  secretion  of  saliva,  or  whether  rapid 
removal  of  the  saliva  through  the  opened  lips  and  angle  of  the  mouth  may  cause  the  dryness  on  die 
alTccted  side  of  the  mouth.  5.  Roux  pointed  out  that  hearing  vt  affected,  the  tmtiHUty  t*  $Mtmdt 
l>eiiig  increascil  (oxyakoia,  byperakusia  willisiana|.  The  [laralysis  of  the  staf>ediu»  muscle 
makes  the  stapes  loose  in  the  fenestra  ovalis,  so  ihnt  all  imjnilses  from  the  tyin[tanuni  act  vi^tir- 
oosly  upon  the  slnpe*.  which  consequently  excites  considerable  vilmitions  in  the  fluid  of  the  inoer  ear. 
More  rarely,  in  paral^-^is  of  the  Ma[>cdiii5,  it  hai  ticen  nl>scT\'ed  thai  low  notes  arc  beard  at  a  gmtO' 
distance  than  on  ihc  sound  side  ( Luc<u,  A/tnv).  6.  As  the  facial  in  man  appears  10  ct>ntain  fibres  Un 
the  secretion  of  sweat,  this  explains  the  loss  of  the  power  of  sweating  in  the  imec  when  the  ncnv 
begins  lo  atrophy  {Strauss,  Hfoik). 

Section  of  the  facial  in  young  animals  causes  atrof}hy  of  the  corre«|)(»)dtn|;  muueltt.     The 
fecial  bones  orrfllM,->im|>erfrctty  devcloi'cd  ;  they  remain  smaller,  ami  hence  ihr  l>ooe»  of  thv  1 
side  of  the  face  grow  luwiird,  and  ultimately  across,  the  middle  line  towanl   the  oifcctetl  aide  {fir 
S/^tMrii'].     The  salivary  glands  aUo  remain  smaller. 

Stimulation — or  itrtliiliuti  in  the  area  of  the  facitif — causes  partial  or  estrn*ivr.  eithrr  diim  *t 
rrflev.  tonic  or  clonic  «|)aAms.  The  cxten«ive  Ibmw  are  known  a.^  "mimetic  facial  spasm" 
Among  live  [«rtial  forms  art:  ttfnic  tantrattivM  vf  iht  tytitJ  (blepharospasm  |,  which  t*  tant 
common;  and  is  caused  reflcxiy  by  stimulation  of  the  sen«ory  nerves  of  the  eye,  /^„  in  sgofaisai 
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op|tfhftlmi&,  or  frocn  excessive  sensibility  of  the  retins  (photophobia).  More  rarely,  the  excitement 
proceeds  from  some  more  distant  pari,  f.^.,  in  one  case  recorded  by  v.  Grftfe,  from  inflammatory 
stimulaiiuQof  the  anterior  pnluiinc  arch.  The  centre  fur  the  rctlex  i>  the  facial  nuclcuii.  'Vhc  clonic 
(brm  of  ■'ipBAm — spasmodu  ■m'nh'fii,'  (apaatnua  nictitans) — it  usually  nf  rc^llrx  nrif^n,  due  tn  irrita- 
tion of  the  eye,  the  dental  ner\-es.  or  e*eo  of  more  distant  nerves.  In  severe  cases,  the  affeclion  may 
he  bilateral,  and  the  sps«nu  may  cxiend  to  the  mu>cle5  of  the  neck,  trunk,  and  upper  extremilies. 
CoDtractiou  of  the  muscles  of  the  lip  may  be  excited  by  emotions  (mge,  grieO.  or  rellexly.  I-'ibrillor 
contnultana  occur  oAcr  section  uf  tlie  facial  as  a  " degeneration  ptienomcnon "  (p-j25).  [If  the 
facial  be  torn  out  of  the  stylomastoid  foramen,  there  i&pAmlytic  o»ciIla:ion  of  the  lip  muscles  {ScAiJ''\. 
If,  in  such  an  animal,  the  posterior  root  of  the  annulus  of  Vica<isens  be  slimulntei:]  clcctricnlly,  ns  it 
contains  vaso-dilnlor  fihrci  {Dus/r/  anj  Marat),  not  only  do  the  blood  vessels  of  the  cheek  and  lips 
dilate,  but  the  veins  pulsate  and  tlorid  blood  escapes  from  ihc  veins,  just  as  occurs  in  ihc  sub>niaxillary 
gland  when  ihe  chonrla  is  Mimulated.  Oo  stlmulatiixE  tht*  ansa,  afier  section  nf  the  seventh,  there  i» 
a  paeudo-motor  effect  on  the  muscles  of  the  check  and  lips,  no  that  there  is  an  analog  between 
the  cluirda  and  the  aiv,a.  (A'o^'oiA'iV;^.]  /M//'<f-r/-(t»iii/5liuiulalion  of  the  must  varied  description  may 
cause  spasms.  lastly,  facial  spa«n  may  he  pan  of  a  general  spasmodic  condition,  as  in  epilepsy, 
cholera,  hnterio,  tetanus.  Areta;u:s  (i^l  A.D.)  made  the  interesting  observation  that  the  muscles 
of  the  ear  contracted  during  tetanus.  Very  rarely  have  spasmodic  elevation  of  the  palate  and 
iacreascd  salivation  l>ceu  described  as  the  result  of  irritation  of  the  bcial  {Leuhf).  Moos  ohiterved 
a  profuse  secretion  of  »ialiva  on  stimulnilng  the  chorda  during  an  operation  on  the  tympanic  cavity. 

350.  VIII.  NERVUS  ACUSTICUS.— Arises  by /a-tf /-(w/j  (5/i>dVj);  a  Inrger  anterior  and  a 
•nailer  paslcrior  one.  From  the  former  prtjceeds  the  vestibular  ncr\-e,  and  from  the  latter  Ihc 
cochlear  nerve-,  these  are  separated  in  the  sheep  and  horse  {//orhacznosii).  Kach  root  springs 
from  a  median  and  a  lateral  nuclcut,  so  that  there  are  four  nuclei.  Some  fibres  come  from  the 
crrebellimi,  and  theM:  ttuy  Iw  connected  with  e(|uilitiration.  The  chief  moss  of  the  posterior  ganglion 
fibre*  of  the  cochlear  nerve  cross  and  pass  to  the  corpora  quadrigemina,  the  internal  geniculate,  and 
finally  to  the  it-m;xiro -sphenoids I  lube  [\  378,  IV,  a).  ^Vftcr  oitirpytion  of  the  temporo-sphcnoidal 
lobe,  these  litires  atrophy  iiiio  the  internal  ca|)su1e  and  iaiema]  geniculate  body  (r.  MonaJiffta).  The 
ttriv  acusticn:  form  a  second  decussnting  projection  system.  The  origins  of  both  acoustic  nerves  are 
connected  by  commissures  in  the  brain  {Mfchsijc)' 

In  the  course  of  the  internal  auditory  meatus,  the  auditory  and  portio  intermedia  of  the  facial 
etchange  fibres,  Uil  the  physiological  significance  of  this  is  imitnown. 

Function. — The  acu^licws  or  auditory  nerve  has  a  double  function  :  i.  It  is 
the  nerve  uf  hearing;  when  stimuLited,  either  at  its  origin,  in  its  course,  or  at  its 
peripheral  terminations,  it  gives  rise  to  setnations  of  sound.  Every  ***im^  ia/-^nrH. 
ing  to  its  intensity  and  extent,  causes  hardness  of  hearing  or  even  dealness. 

2.  Quite  distinct  from  the  foregoing  is  the  other  function,  which  depends  upon 
the  semicircular  canals,  viz.,  that  stimulation  of  ihc  peripheral  expansions  in 
the  anipullai  influences  the  movements  necessary  for  maintaining  the  equilibrium 
of  the  iKxly. 

Brenner's  FormuU. — ^l*hc  relation  of  the  auditory  nerve  to  the  galvanic  current  is  veiy 
important.  In  healthy  |>crsons,  when  there  is  closure  at  the  cathode,  there  is  the  sensation  of  a 
ehm^  (or  tone)  in  the  ear,  which  continues  with  variations  while  the  current  is  closed.  When 
the  anode  is  o|>ened,  there  1=  a  fccUcr  lone  {^Brennfr't  Normal  Atomlic  Formula's.  This  clang 
coincides  exactly  wiih  ihe  resonance  fundamental  tone  of  the  sound -conducting  a)^anitus  of  ihc 
ear  itself. 

Pathological. — Incr^iistii  sensibility  of  the  ouditorj-  nerve  in  any  part  of  its  course,  its  centre, 
or  peripheral  eipamions,  causes  the  comlition  kni>wn  as  hyperakuais,  which  usually  is  a  sign  of 
greatly  increased  nervous  exciiabiliiy,  a«  in  hysteria.  When  excessive,  it  may  give  rise  to 
distinctly  painful  impressions,  whtch  condition  is  known  as  acoustic  hyperslgia  [^/luienbHrg). 
Stimulation  of  the  parts  alcove  named  caiLscs  'Sensations  of  sound,  (he  most  common  t>cing  the 
sensation  of  jm/fw^' '"  '^^  <*'*"'  o""  tinnittts.  'I"his  condition  is  often  due  to  changes  in  the  amount 
of  blood  in  Ihe  blood  vessels  of  the  ear — either  anivmic  or  hypertemic  stimulation.  There  is  well- 
marked  tinnitus  after  large  doses  of  ((uinine  or  salicin,  due  to  the  vasomotor  eficct  of  thirse  dnigs 
upon  the  vessel*  of  the  labyrinth  (/VriAMcr).  Not  unfrc-iuently,  in  cases  of  liimiius. the  reaction 
dtw  to  the  galvanic  current  Ls  increased.  More  rarely  there  is  the  so-called  "paradoxical 
rtatticH" — 1./.,  on  applying  the  galvanic  current  to  one  ear,  in  addition  to  the  reaction  in 
this  cor,  there  is  Ihc  op^ioiile  result  in  the  non-stimulated  car.  In  other  cases  of  disease  of  the 
auditory  nerve,  noises  rather  than  musical  notes  are  [>roduced  t)y  the  current;  stimuiatioH^ 
especially  of  the  cortical  centre  of  the  auditory  nerve,  chiefly  in  lunatics,  may  cause  auditory 
delusions  {\  178,  IV. ).  According  as  the  excitability  of  the  auditory  nerve  is  diminished 
or  sljohshed,  there  is  the  condition  of  nervous  hardness  of  hearing  (hypakusis),  or  ncr^'ous 
deafness  (anakusis). 
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The  Semicircular  Qaa^ts  of  the  Labyrinth. — -Section  or  injury  to 

canals  does  not  interfere  with  hearing,  but  other  imix)rtant  sjinptoms  follow  th{ 
injury,  such  as  disturbances  of  equilibrium  due  to  a  fcchng  of  giddiness,  espccuJi 
when  the  injury  is  bilateral  {Fimtrens).  This  does  not  occur  in  fishes  (  A/Vf^/^^A] 
The  pendulum-like  movement  of  the  head,  in  the  direction  of  the  ptaDci 
the  injured  canal,  is  very  characteristic.  If  the  koritontal  canal  Iw  divicWd.  the 
head  (of  the  pigeon)  is  turned  alternately  to  the  right  and  left.  The  rotation  takev 
place,  especially  when  the  animal  is  about  to  execute  a  movement :  when  il  is  it 
rest,  the  movement  is  less  pronounced.  The  phenomenon  may  last  for  monll 
and  injury  to  ^^  posterior  vertUal  canals  causes  a  well-marked  up  and  doMrn  tnov 
ment  or  nodding  of  the  head,  the  animal  itself  not  xmfrequcntly  falling  forward  i 
backward.  Injury  to  the  superior  vertical  canals  also  causes  pendulum-likc  verti< 
movements  of  the  head,  while  the  animal  often  falls  for^vard.  When  ati  tht  €A 
are  destroyed,  various  |>cndulum-likc  movements  are  [)erformcd,  while  standing  b 
often  impossil>le.  Brcuer  found  that  electrical  stimulation  of  the  canals  cataed 
rotation  of  the  head,  while  Laiidois,  on  applying  a  solution  of  salt  to  ihc  caaal^ 
observed  fjcnduhim-like  movements,  which,  however,  disapi^ared  after  a  time. 
25  [)er  cent,  solution  of  chloral  dropjjed  into  the  ear  of  a  rabbit  causes,  after 
minutes,  a  similar  destruction  of  the  canals  {Vulpian),  Section  of  the 
nerves  within  the  cranium  has  the  same  result  {Bechterew), 

Explanation, — (juIu  regards  the  canals  as  ori;an^  of  mtiim:  for  aM:eitatuing  the  cquilibniunur 
position  of  the  head  iu  space ;  Macb,  a&  an  organ  for  nsccitainmg  the  movements  of  the  bcmd. 
According  lo  Goliz's  statical  theory,  every  posiiinn  of  the  head  causes  the  cDdolymph  to  enert  ihe 
greatest  pressure  u[K>n  a  caiain  pan  of  the  cflnaU,  and  thiLf  excites  in  a  var}-ing  degrre  the  ocrrr 
terrninaiions  in  the  ampuUx.  According  to  Ureuer,  when  the  heud  is  rotated,  currents  are  prodocal 
iu  the  eudolymph  of  tlic  canals,  which  must  liave  a  6.xcd  relation  to  ilic  dircctiuu  and  cxtait  of  the 
movements  of  the  head,  and  these  currents,  therefore,  when  they  arc  perceived,  afford  a  ro^asof 
deterznining  the  movement  of  the  head.  The  nervous  end  organs  of  the  ampuUie  are  arrmnfed  far 
ascertaining  this  perception.  If  the  semicircular  canaU  are  an  apparatus — in  fact,  "  sense  organs**— 
for  the  sensation  of  the  ciiuilibrium.  and  if  their  function  is  to  determine  the  positioD  or  movcmcfltt 
of  the  bead,  ncccssanly  their  destruction  or  stimulation  must  alter  these  perceptions,  and  4o  |^ve  na 
to  abnoxmal  move  menu  of  the  head.  Vulpian  regards  the  rotation  of  the  head  as  due  to  sovoc 
auditory  |>ercepiion>i  (?)  in  consequence  of  afTcctions  «f  the  canals.  Batcher,  Tomasiewicr.  aad 
Baginsky  regard  the  injury  to  the  cerebellum  as  the  cause  of  the  pheiwmena.  The  penduluin  like 
raovements,  however,  are  so  characteristic  that  they  cannot  be  confounded  with  disturbances  of  the 
eiiuliljriuin  which  result  &om  injury  to  the  cerebellum. 

[Kinetic  Theory. — In  1875  Oum  Urown  {ioinicd  nut  that,  if  a  person  be  rotated  pudvelf,  Ui 
eyes  being  iMindaged,  he  can,  up  to  a  cenain  point,  indicate  pretty  accurately  the  amount  of  move- 
ment, bat  after  a  time,  this  cannot  be  done,  and  if  the  rotation,  as  on  a  polter^s  wbccl,  he  stopped. 

the  sense  of  rotation  amiinues.     Crum   Hrown  sufigcsted  that  cur- 
Fic,  432.  rents  were  produced  in  the  endolymph,  while  the  terminal    W 

L5  V  .*  RS     cells  tagged  behind,  and  were,  in  fact,  dragged  thrnugh  the  Sv 

He  pointed  out  that  the  right  posterior  canal  is  in  line 
left  superior,  and  the  left  posterior  with  the  r^ht  superii 
which  is  readily  oltscrA'cd  by  looking  from  behind  at  «  akv 
the  semicircular  canals  exposed  (Fig.  432)-     He  aasamcs  ihtf  t 
\J^\  ]nc>  canals   arc  paire^l  orgaru^.  and   that   each  pair  is  Connected 

rotation  or  muvemeni  of  the  head  in  a  particular  direaioa.] 

Giddiness.— This  feeling  of  false  impressions  as 
the  relations  of  the  surroundings  and  consequent  mov 
LP  ^  N  Rp   ments  of  the  body,  occurs  especially  during  acquirtti 

Diacrvm  of  ibe  diiposkion  of  the    changes  in  the  normal  movements  of  the  eyes,  whether 
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ic      I,.     A\  ("  ^i  "    ID   dtie  to  involuntary  to  and  fro  movements  of  the  eve 
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body  are  normally  accompanied  by  simidtaneous  move 
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.   RE,  right  and  left  u- 


balls  (nystagmus),  or  to  paralysis  of  some  eye  muscle  _ 
Active  or  passive  movements  of  the  head  or  of  the' 


ments  of  both  eyeballs,  which  are  characteristic  for  every  position  of  the  body. 
The  general  character  of  these  "compensatory"  bilateral  movements  of  the 
eyes  consists  in  this,  that  during  the  various  changes  in   the  position  of  ihc  head 
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and  body,  the  eyes  strive  to  maintain  their  primary  passive  position.  Section  of 
the  aqueduct  of  Sylvius  at  the  level  of  the  corpora  quadrigemina,  of  the  floor  of 
the  fourth  ventricle,  of  the  auditory  nucleus,  both  acustici,  as  well  as  destruction 
of  both  membranous  labyrinths,  causes  disappearance  of  these  movements;  while, 
conversely,  stimulation  of  these  parts  is  followed  by  bilateral  associated  move- 
ments of  the  eyeballs. 

Compensatory  movements  of  the  eyeballs,  under  normal  circumstances,  may  be 
caused  reflexly  from  the  membranous  labyrinth.  Nerve  channels,  capable  of  exciting 
reflex  movements  of  both  eyes,  proceed  from  both  labyrinths,  and,  indeed,  both 
eyes  are  affected  from  both  labyrinths.  These  channels  pass  through  the  auditory 
nerve  to  the  utUre  (nuclei  of  the  3d,  4th,  6th,  and  8th  cranial  nerves),  and  from 
ihc  latter  efferent  fibres  pass  to  the  muscles  of  the  eye  {Hogyes). 

CyoD  found  ihai  stiniulation  of  the  hDri/.ontal  semicircular  caoal  was  followed  by  horixontal  oystag* 
mus;  of  the  posteriur,  l>y  vertical,  and  of  the  anterior  cunul,  by  diagonal  nystnj^us.  SUmulolionof 
one  auditory  nerve  Is  followed  by  rotating  nyslogmus,  nnd  rotatton  of  the  body  of  the  animal  on  ils 
asu  toward  the  stimulntod  side. 

Poiaons. — Chloroform  and  other  poisons  enfeeble  the  compensatory  movenicnls  of  the  cycboUs, 
while  nicotin  and  asphyxia  sap|)rcss  them,  owing  to  their  action  on  ihdr  nerre  centre. 

It  is  probable  that  the  disturbances  of  equilibrium  and  the  feeling  of  giddiness 
which  follow  the  passage  of  a  galvanic  current  through  the  head  between  the  mastoid 
processes,  are  also  due  to  an  action  upon  the  semicircular  canals  of  the  labyrinth 
(§  300).  Deviation  of  the  eyeballs  is  produced  by  such  a  galvanic  current  {Httzig). 
The  same  result  is  produced  when  the  two  electrodes  are  placed  in  the  external 
auditory  meatuses. 

Pathological. — Meniere's  Disease. — The  feeling  of  giddiness,  not  unfrequently  accompanied 
by  tinnitus,  which  occurs  Jn  Meniere's  disease,  mu-^t  be  referred  to  an  affection  of  the  nerves  of  the 
ampullx  or  iheir  centra]  organs,  nr  nf  the  jiemicircular  canals  ilicmselves.  liy  injecting  fluid  violeully 
into  the  car  of  a  rabbit,  giddiness,  with  iiysiagnius  and  rotation  of  the  head  toward  the  side  operated 
00,  are  produced  [Bagiusky).  In  coms  in  man,  where  The  tympanic  membrane  was  defeciive, 
[jice,  when  employing  the  so-called  cor  air  douche  a!  o.  1  atmosphere,  observed  abduction  of  the 
eyeball  with  diplopia,  giddiness,  darkness  in  from  of  the  eyes,  while  the  respiration  wasdc-e[KT  and 
accelerated.  TheK  phenomena  must  be  due  to  stimulation  or  exhaustion  of  ihe  vesiilmlar  tfrancb  of 
the  audiioiy  nerve  {/Jogyes\.  In  chronic  gastric  catarrh,  a  tendency  to  giddiness  is  an  occasional 
symptom  ^Trouitcau  s  gastric  giddincM).  'ITiia  nuiy,  pcrhaiJS,  be  caused  by  sUroulation  of  the  gastric 
nerves  exciting  the  vasomotor  nerves  of  the  labyrinth,  which  must  affect  the  pressure  of  the  endo- 
lymph.     Analngous giddiness isexcited  from  the  larynx  ( CAarro^), and  from  (he  urethra  {^F.rUnmeyer). 

[Vertigo  or  giddiness  is  a  very  common  svmptom  in  disease,  and  may  be  produced  by  a  great 
many  dUTrrcnt  conditions.  Ii  literally  means"  a  turning."  As  Cowers  poinisout,  the  most  common 
^-mptom  is  that  the  patient  himself  has  a  sense  of  movement  in  one  or  other  direction ;  or  objects 
may  appear  to  move  before  him  ;  and  more  rarely  there  is  actual  moremcnt"  commonly  in  the  same 
direction  as  the  subjective  lense  of  movement."  It  is  sometimesdue  to  a  want  of  liamiony  between 
ihe  impressions  derived  from  different  sense  organs  or  *'  contradicioriness  of  sensorj-  impressioni 
{Grainj^er  S/avarf),  jis  is  somelinjcs  felt  on  a^cending  or  descending  a  stair,  or  by  some  persons 
while  standing  on  a  high  tower,  constituting  tower  or  cliiT  giddiness.  One  of  the  most  remarkable 
conditions  is  thatcallet]  '* agoraphobia "  [Henedikt,  Wnstf^hal).  The  perron  con  walk  quite  well 
in  a  narrow  Inneor  street,  but  when  he  attempts  to  crass  n  widesquore,  he  experiences  a  feeling  closely 
allied  to  giddiness.  The  giddiness  of  sea-sickness  ib  proverbial,  while  some  persons  get  giddy  with 
waltzing  or  swinging.  Be^des  nccurting  in  Meniere's  di>Tease,  it  sometimes  occurs  in  locomotor 
ataxia,  and  some  cerebral  and  cerebellar  affections,  including  cerebral  anaemia.  Very  distressing 
giddiness  and  headache  arc  often  produced  by  paralysis  of  some  of  the  ocular  muscles,  f.g.,  the 
external  rectus.  Defective  or  perverted  ocular  imprcssioiu,  as  well  as  similar  auditor)*  impressions^ 
may  give  rise  to  vertigo ;  in  ihi-  laiicr  or  labyrinthine  form  the  vertigo  may  be  very  severe.  Severe 
vertigo  is  often  accompanied  liy  vomiting.  A  hard  plug  of  car  wax  may  press  on  the  membrana  tym- 
pani  and  couse  severe  giddiness.  The  forms  of  dyspeptic  giddiness  and  the  toxic  forms  due  to  the 
abuse  of  alcohol,  tobacco,  and  some  other  drugs  are  familiar  examples  of  this  condition.] 

•  [Tinnitus  Aurium,  or  subjective  iwises  in  the  ear,  is  a  very  common  symptom  in  disease  of  ibe 
ear ;  the  noiitc  may  be  continuous  or  Uisounlinuous,  be  bu^i:ing,  singing,  or  rumbling  in  character.] 

351.  IX.  NERVUS    GLOSSO-PHARYNOEU3.— Analomical.— Tliia  nerve  (Fig.  429. 

9)  arites  from  Ihe  nucleus  of  the  same  name,  which  consuls  [urtly  of  large  cells  (motor)  and  panly 

K    of  small  cells  (belonging  10  the  gustatory  6tnres).     The  nucleus  lies  in  the  lower  hatfof  the  fourth 
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■ventricle, deep  in  the  medulla  oblongata,  near  the  olive  (Fig.  427).  and  posteriorlj  te  abou  00  thai  ol 
(he  vt^ui.     The  anterior  part  of  the  central  nucleus  is  regarded  at  the  root  of  the  |M>rtio  intemietll 
of  the  fiicinl  I  2  349)-     *'*^*  nerve  also  receives  fibres  from  the  vagal  centres,     The  FiUes  coltecl  i'l 
two  trunks,  which  afterward  unite  and  leave  the  medulla  oblongata  in  front  of  the  vagal, 
fbisula  petrosa  it  has  on  it  the  petrous  ganglion,  irom  which,  occAsionaJty,  a  special  p*rt  I 
posterior  twig  is  separated  within  the  hkult  ns  ibe  ganglion  of  F.hrenritter.     Communitatinf  i 
are  sent  from  the  petrous  ganglion  to  the  trigeminus,  foetal   (e  and  tt),  vagus  and  carotid  p)e 
From  thiit  ganglion  also  the   lym|mnic  nerve  ^/.)  ascends  verlicalty  in  the  tympanic   cavity,  whctc  I 
unites  with  the  tympanic  plexii<i.     This  branch  ({  349,  4)  gives  t^Hwn-  fibres  to  the  tympanic  eanif  ' 
and  the  KuMachian  tube  ;  while,  in  the  dog,  it  also  carries  secretory  tibrcs  for  the  parotid  ioto  the 
small  superficial  petrosal  nerve  \HeiJenhaiH — \  t45)« 

Function. — i.  It  is  the  nerve  of  taste  for  the  posterior  third  of  the  longue;_ 
the  lateral  part  of  the  soft   palate,  and  the  glosso-palatine  arch  (compare  % 
[This  is  denied  by  Gowers  (p.  682,  Atii.  Bd.,  1888).] 

The  nerve  of  taste  for  the  anterior  Iwo-thitds  of  the  tongue  is  rcfcncd  to  under  the  UnguaJ  ( 
III,  4)  and  chorda  tympnni  nerves  {\  349,  4).     The  glossal  branches  are  provided  with 
especially  where  the  nerve  divides  nl  the  bas-  of  the  cifcumvallate  paiHlL-e  \^ftfmak,  A'iUiktt,.^ 
iing].     The  nen-e  ends  in  the  circumvallatc  papillx  (Fig.  429,  U),  and  the  end  organs  orti 
senled  by  the  taste  l-ulU  {\  422). 

2.  It  is  the  sensory  nerve  for  the  posterior  third  of  the  tongtie,  the  antcrio 
surface  of  the  epiglottis,  the  tonsils,  the  anterior  palatine  arch,  the  soft  palate,  am 
a  part  of  the  pharynx.  From  this  nen*e  there  may  be  discharged  rtflexfy^  niovt 
ments  of  degltitition,  of  the  palate  and  pharynx,  which  may  pass  into  those  of 
vomiting  (§  15S).  These  fibres,  like  the  gustatory  iihresj  can  excite  a  reflex  secrr- 
tion  of  saliva  (§  145). 

3.  It  is  motor  for  the  stylo-pharyngeus  and  middle  constrictor  of  the  pharm'* 
{Voikmann) ;  and,  according  to  other  observers,  to  the  (?)  glasso-palarinus  {/fan' 
and  the  (??)  levator  vcli  palatini  and  azygos  uvulae  (compare  S/>A^no/*a/aA'm 
ganglion^  §  347,  II).  It  is  doubtful  whether  the  glosso-pharyngeal  nenc  is  rcalli 
a  motor  ner\*e  at  its  origin — although  Meynert  and  others  have  described  a  mot 
nucleus — or  whether  the  motor  fibres  reach  the  nerve  at  the  petrous  ganglion 
through  the  commtmicating  branch  from  the  facial. 

4.  A  twig  nccompaniea   the  lingual   artery;  this  nerve,   perhaps,  i<i    vafto-drlator  for  (}k  Ud 
blood  veweU. 

Pathological. — There  ore  no  satisfactory  observations  on  man  of  uncomplicated  affccUonai 
the  glosso-phary-ngenl  oer%-es. 

35a.  X.   NERVUS    VAOU3.— Anatomical.— The  nucleus  from  which   the  va^tn 
along  with  the  9th  and  litb  nerve  is  in  (1  ]  the  ala  cinerea  in  the  lower  half  of  (be  colanutx 
toriuA  (Fig.  437,  loj  [and  it  i«  very  prolahly  the  representative  of  the  cells  of  the  vesicular  1 
of  Clarke  {\  jW*)]-     (2)  Other  filircs  come  from  the  "  longitudinal  bundle  "  or'*rcipinuory  Iwndle' 
lying  outside  the  nucleus,  and  rcaclting  down  into  the  cer^-ical  enlargement,     (j)  A  mntor  tin 
— tlw  nucleus   ambigTjus — a  prolongation  of  some  of  the  cells  of  the  anterior  horn  of  the 
cord,  gives  some  motor  filircs.     It  leaves   the  medulla  oblongata  by  10  to  t5  threads  behind 
9ih  nerve,  between   the  divinons  of  the  lateral  column,  and  has  a  ganglkm  (jugular)  ixptm  it 
tlic  jugular  foramen  (Fig.  43S,  VIII).     Its  branches  contain  fibres  which  suhscrve  dtfliereDt  foocikaa 

I.  The  sensory  meningeal  branch  from  the  jugular  ganglion  arcomjianies  th 
vasomotor  fibres  of  the  sym|>athetir  on  the  middle  meningeal  artery,  and  scik 
fibres  to  the  occipital  and  transverse  sinus. 

When  it  is  irritated,  as  in  congestion  of  ilie  head  and  innamtnatlon  of  the  dura  maier,  it  give*  1 
to  vomiting. 

a.  The  auricular  branch  (Fig.  433,  aw.)  from  the  jugular  ganglioii  receive*  j 
communicating  branch  from  the  petrous  ganglion  of  the  9th  nerve,  travcrbo 
canaliculus  mastoideus.  crossing  the  cotirse  of  the  facial,  with  whiih  it  exchange 
fibres  whose  function  is  imknown.     On  its  course,  it  gives  sensory  branches  (o 
the  posterior  part  of  the  auditory  meatus,  and  the  adjoining  iKtrt  of  the  outer  car. 
A  branch  runs  along  with  the  posterior  auricular  branch  of  the  fatial,  and  confcn 
sensibility  on  the  mtisclcs. 
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Wbcn  this  nerve  is  irritated,  ehlicr  through  inflammBtion  or  by  the  presence  of  Toreign  Lodics  in 
ihe  outer  ear  paH^age,  il  ntay  give  rise  to  vamitin^.  .Slimulatioa  of  the  deep  part  of  the  external 
lodiiory  meatus  in  the  rcgioa  supplied  h^  the  auricular  branch  causes  ccugfiini;  rcilexly  [f-g.,  rrom 
the  presence  of  a  pea  in  the  ear].  ^xivWarXyy  toNfracfion  of  Ike  b/o^  vnselt  of  tht  ^«ir  may  be  caused 
reflexly  {^Snellen,  Ltn'^n). 

The  nerve  b  the  remainder  of  a  considerable  branch  of  the  va^s  which  exists  in  fuhea  and  the 
larvsB  of  frogs,  and  runs  under  the  i^kin  ainng  the  side  of  the  body, 

3.  The  connecting  branches  of  the  vagas  are:  (i)  A  branch  which  directly 
connects  the  petrous  ganglion  of  the  9th  with  the  jugular  ganglion  of  the  loth ;  its 
function  is  unknown,  (z)  Directly  abovf  the  plexus  gangliiformis  vagi,  the  vagus 
is  joined  by  the  whole  inner  half  of  the  spinal  accessory.  This  nerve  conveys  to 
the  vagus  the  motor  fibres  for  the  iarynx^  and  the  cervical  pari  of  the  tgsophagtts 
(which,  according  to  Steii^er,  lie  in  the  inner  part  of  the  nerve  trunk),  as  well  as  the 
inhibitory  _/?^>-f^  for  the  heart  {€/,  Bernard^.  (3)  The  plexus  gangliiformis  fibres, 
whose  function  is  unknown,  join  the  trunk  of  the  vagtis  from  the  hyjjoglosMiI, 
superior  cervical  ganglion  of  the  sympathetic,  and  the  cervical  plexus. 

4.  Pharyngeal  Plexus. — The  vagus  sends  one  or  two  branches  (Fig.  433,  a) 
from  the  upper  part  of  the  plexus  gangliiformis  to  X)\t  pharyngcai  p/exus,  where  at 
the  level  of  the  middle  constrictor  of  the  jiharynx,  it  is  joined  by  the  pharyngeal 
branches  of  the  9th  nerve  and  those  of  the  upper  cervical  sympathetic  ganglion,  near 
the  ascending  phar>Tigeal  artery,  to  form  the  pharyngeal  plexus.  The  vagal  6bres 
in  this  i)lexus  supply  the  three  constrictors  of  (he  pharynx  with  motor  fibres,  while 
the  tensor  palati  (  Otic  ganglion,  §  347.  Ill)  and  levator  of  the  soft  palate  (compare 
Spheno-pala/ine  ganglion,  §  347,  II)  also  receive  motor  (?  sensory)  fibres.  Sensory 
fibres  of  the  vagus  from  the  pharyngeal  plexus  supply  the  phar\'nx  from  the  part 
Iwneath  the  soft  |)alatc  downward.  These  fibres  excite  the  pharyngeal  constrictors 
reflexly.  during  the  act  of  swallowing  (§  156).  If  stinuilated  very  strongly,  they 
may  cause  vomiting.  (The  sympathetic  fibres  of  the  cesophageal  plexm  give  vaso- 
motor nerves  to  the  cesophageal  vessels;  for  the  cesophageal  branches  of  the  9th 
nerve,  see  above.) 

5.  The  vagus  supplies  two  branches  to  the  larynx,  the  superior  and  inferior 
laryngeal. 

(a)  The  superior  laryngeal  (Fig.  433,  3)  receives  vasomotor  fibres  from 
the  superior  cervical  ganglion  of  the  symiJalhotic.  It  diviriL-s  into  two  branches, 
external  and  internal:  (1)  The  external  branch  receives  vasomotor  fibres  from 
the  same  source  (they  accompany  the  sinicrior  thyroid  artery),  and  supply  the 
crico*thyroid  muscle  with  motor  fibres,  and  sensory  fibres  to  the  lower  lateral 
portion  of  the  laryngeal  mucous  membrane.  (2)  The  internal  branch  gives  ofi" 
sensory  branches  only  to  the  glosso-epiglottidcan  fold,  and  the  adjoining  lateral 
region  of  the  root  of  ths  tongue,  the  ary-epiglottidean  fold,  and  to  the  whole  anterior 
part  of  the  larynx,  except  the  |jart  supijlied  by  the  external  branch  (Longet). 
Stimulation  of  any  of  these  sensory  fibres  causes  coughing  reflexly.  Coughing 
is  produced  by  stimulation  of  the  boimdaries  of  the  glottis  respiraloria,  but  not  ot* 
the  vocal  coitls,  and  by  stimulation  of  the  sensory  branches  of  the  \^gus  to  the 
tracheal  mucous  membrane,  esi)ecially  at  the  bifiirration.  and  also  from  the  bronchial 
mticous  membrane  (Kohts).  Coughing  is  also  caused  liy  stimulation  of  the  auricular 
branch  of  the  vagus,  es])ccially  in  the  deep  j^art  of  the  external  auditory  meatus,  of 
the  pulmonary  tissue,  es|)ecially  when  altered  pathologically  ;  in  ijalhological  <on- 
ditions  (inflammation)  of  the  pleura  (?  certain  clianges  in  the  stomach  [stomacli 
cough]),  of  the  liver  and  spleen  {Naunyn).  The  coughing  centre  is  said  to  lie 
on  eacn  side  of  the  raphe,  in  the  neighborhood  of  the  ala  cinerea  {Kokts).  Ca-ses 
of  violent  coughing  may,  owing  to  stimulation  of  the  pharynx,  be  accompanied  by 
vomiting  as  an  as-ociatcd  movement  (§  lao). 

In  many  individuals,  coughing  can  be  excited  by  stimulation  of  di<4nnt  sensory  nerves  ($  120,  i), 
*.  g.t  from  the  outer  ear  (auricular  nerve),  nasal  mucous  membrane,  liver,  spleen,  stomach,  intestine, 
uterus,  mammae,  ovaries,  and  eren  from  certain  cutaneous  areas  {Etstein).     It  ia  aoccrtain  if  these 
43 
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Xmditions  act  dir«ctly  upon  the  cot4'king  cratrc.  or  first  of  all  oflcct  the  vasculoriulion  and  secre* 
Ion  of  the  respimlory  organs,  which  in  ihtir  turn  affect  the  coughing  centre. 

The  cough  (dog,  cat)  caused  by  slimutatkoti  of  the  irschea  and  bronchi  occurs  at  once,  and  lasts 
■  long  as  ihc  ailnialus  lasts ;  in  siimulaiion  of  the  l.ir>'nx,  the  first  effect  is  inlUbiiion  of  the  respira- 
k>o  accompanied  by  movements  of  deglutition,  while  the  cotigh  occurs  after  the  cessation  of  the 
Ititnulatioii  {Kam^araikyi. 

TTie  superior  laryngeal  contains  nlTerenl  fibres  which,  when  Btimulmei),  cause  ttrrnt  of  ihr  ret- 
iratioM  and  closure  uf  the  rinia  gloltidia  {RoitntHal] — ^see  Knpiratcry  (tntre,  J  368).  Latily, 
ibrcs  which  are  efferent  and  serve  to  excite  the  vasomotor  centre,  and  are  iu  fact  ** pressor  Jtbrei'* 
—{ytt  VatomiUor  c^nlrt,  \  371,  II). 

{b)  The  inferior  laryngeal  or  recurrent  bends  on  the  left  side  around  the 
irch  of  the  aorta,  and  on  the  right  around  the  subclavian,  and  ascends  in  the 
[roove  between  the  trachea  and  cesophagns,  giving  motor  fibres  to  these  organs,  and 
Ihe  lower  constrictors  of  the  pharnyx,  and  passes  to  the  larynx,  to  supply  motor 
fibres  to  all  its  mtiscles,  except  the  crico-lhyroid.  It  also  has  an  inhibitory  action 
Upon  the  respiratory  centre  (see  §  368). 

A  connecting  branch  runs  from  the  superior  laryngeal  (0  the  inferior  (the  anastomosis  of  Gnlen), 
Vhich  occasionally  gives  off  settsory  branches  to  the  upper  half  of  the  trachea  (sometimes  lo  the 
larynx?);  perhaps  ilso  to  the  cpsophagus  ( i*»rt^^w,l.  and  sensory  fibres  (?)  for  the  muscles  of  the 
latynx  supplied  by  the  recurrent  laryngca!.  According  to  Frun^ois  Franck,  Boisory  fibres  pass  by 
ihis  jinastomosis  from  the  recurrent  into  the  superior  laryngeal.  According  lo  Waller  and  Burck' 
hard,  the  motor  libn-*  of  both  laryngeal  nerves  arc  all  derived  from  the  accesirorius  ;  while  C'hauvcsu 
inaintains  that  the  crico-thyroid  is  an  e:(Ccplion. 

Stimulation  of  the  superior  laryngeal  is  fsiinful,  and  causes  contraction  of 
Wie  crito-thyroid  miusck-  (while  ihc  other  laryngeal  muscles  contract  reflexiy). 
{Section  of  both  nerves,  owing  to  iiaral)-sis  of  the  crico-thyroids,  causes  slight 
wuwing  of  the  respiralions  {^SkiarekY  In  dogs,  ihe  voice  becomes  deeper  and 
hoarser,  owing  to  diminished  tension  of  the  vocal  cords  {Long^f).  The  larynx 
becomes  insensible,  so  that  saliva  and  particles  of  food  pass  into  the  trachea  and 
ngs,  without  causing  reflex  contraction  of  the  glottis  or  toughing.  This  excites 
•traumatic  pneumonia,"  which  rcsulLs  in  death  {FriniliituUr). 

Stimulation  of  the  recurrent  nerves  can.ses  spasm  of  tht  gloitis.  Section 
f  these  nerves  jjaralyzes  the  laryngeal  muscles  supplied  by  them,  ihe  voice  becomes 
itisky  and  hoarse  (in  the  pig — GnUn^  Riolan^  )6iS)  in  man,  dog,  and  cat ;  while 
tal>btts  retain  their  shrill  cry.  The  glottis  is  small,  with  every  inspiration  the 
vocal  cords  approximate  considerably  at  their  anterior  parts,  while,  during  exi)ira- 
tion  they  are  relaxed  and  are  sejjarated  from  each  other.  Hence,  the  inspiration, 
CS()ccially  in  voting  individuals  whose  glottis  respiratorin  is  narrow,  is  difficult  and 
noisy  {^Legaiiois)  \  while  the  expiration  lakes  place  easily.  After  a  few  days,  the 
anirnal  (carnivore)  becomes  mure  quiet,  it  respires  with  less  effort,  and  the  passive 
Vibratory  movements  of  the  vocal  cords  l>ecome  less.  Even  after  a  considerable 
interval,  if  the  animal  ha  excited,  it  is  attacked  with  soere  dyspnoea,  which  dis- 
appears only  when  the  animal  has  become  quiet  again.  Owing  to  i^ralysis  of  the 
larvngcal  muscles,  foreign  bodies  are  a]Jt  to  enter  the  trachea,  while  the  paralysis 
Tenders  difficult  the  first  i»art  of  the  process  of  swallowing  in  the  tesophagcal 
region.     Broncho-pneuinonia  may  l*e  produced  {Amsperger). 


FIGURE  433.  P   «58- 

\,  Sek*mt  t^ tk§  diMtriiutioH  of  tkt  tiofftu  Mid acctttariuM. — id,  Exit  of  left  vagia  from  the  tkull ;  lO],  riifhl  vaguf  : 
y.  Kl«wo-phary ngcat :  7,  nciai;  1,  deep  potl-BurlcuUr  from  the  fMidl:  2,  pluryngcal  br«iicbe»  of  vagus:  6, 
pnafrngea)  branclt  uT  lh«  glouo-pharyDKCii) ,  3.  »u[ienor  l:iryn£CAl,  with  i»  anutomofes,  A  with  the  sympathetic 
aitd  III  diviiion,  ^,  into  ii«  mterniti.  t<,  and  exlem^l  brancbe*,  e:  s.lnfcrlaT  or  recuireni  uiynjienl ;  at*.,  aiuicular 
liritncS  of  vkgin.  Carji'm  ifrvtt:  g,  ciir<li.ic  brnitthcA  fri>in  the  vaeu^  4ihI  tupcriur  t«ryiigc"jl :  i'.  A,  the  lh(c« 
cardLic  bracKhct  from  the  upper,  jT,  mid'tk,  x,  and  lower,  y,  cervical  tr<ii>ctioti  of  the  »ympjthcltc :  k,  rinu  of 
Viemsei:  /,  capJiac  liranth  from  the  recurreri  Itiryns^al ;  L,  litn^  with  tne  nnlcrior  and  pn^terior  piilmonarj- 

Sl«iii»e«     r,  oe»(>phaj[i'rtl  )>le<iiit :  <•.■,  ija^rrir  bianchcv,  ard  ncarthcm  ihe  hcpatii:  branch**,  m  :   wf.cftliac  pIvKui ; 
.splanchnic  cnicrme  former;  tl.acce^Kory  nerve  scnHms  lit  inner  branch  in  10  the  Eaiigliform  plcxu*  of  ilte 


vagii» — \\s  n(il«r  brancti,  tv .  >>uppliR<  the  ^lertm-niattoid,  St  and  a£\.  anil  th«  (raiwuiut,  Cc  ;  (),  edenul  audilury 
tneatii*:  tM,  hyolit  l»on«  ;  V.  inyroJd  cartiUijc  :  7',(ni:hca.  //,l>eart;  /•,  piiimonan*  jrlcrj' ;  v^  ^1,  norli;  f, 
right  carotid  :   ri,  left  carotitj :    i  .itid  >■,  right  and  left  sutictnvinti  arlcry  ;   Z  Z,  diaiinntgm ;    W,  kidney :   Un, 


Bupnranat  capsule;  ^t^,  ^r^mach  ;  Mr,«plecn;  Z.  Z,,  lung  and  liver.    \\,  Sektm4  ef  tkt  eeitrte  <i/ tin  d*prtu«r 
ttmd »t.c*ttram  it  tkt  cat 
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6.    rhe  depressor  nerve»  which  in  the  rabbit  arises  by  one  branch  from  the 

superior  laryngeal,  and  usually  also  l>y  a  second  root  from  the  trunk  of  the  vagus 

itself  [nins  down  the  neck  m  close  relation  with  the  vagus,  symfiathetic,  and  carotid 

artery,  enters  the  thorax],  and  joins  the  canliac  plexiis  (Fig.  434.  -f*")*     It  »  an 

t   afferent  ner\'f,  and  when  its  cfntrai  ^v\\\  is  stimulated  [pro- 

Fit:.  434.  vided  both  vagi  be  divided],  it  diminishes  the  energy  of  ihc 

vasomotor  centre,  and  thus  causes  a  fall  of  the  blood  prts* 

sure  (hence  the  name  given   to  it  by  Cyon  and  Ludwi^.  | 

371,  n).     At   the  same  time  [if  the  vagus  on   the  opposite 

side  be   intact],  its  stimulation   aflcrts   the  eaniio-inkibtiffry 

M  /       \         centre^   and    tliui*   reflexly  diminishes   the  numl>er  of  bcArt 

beats.     [Its  stimulation  also  gives  rise  to  pain,  so  that  it  i» 

the  sensory  nerve  of  the  heart.      If  in  a  rabbit  ihe  vagi  be 

divided  in  the  middle  of  the  neck,  and  the  central  end  of 

the  depressor  nerve,  which  is  the  smallest  of  tlie  three  ncn-es 

near  the  carotid,  be  stimulated,  after  a  short  time  there  is  nt> 

alteration  of  the  heart  Iwats,  but  there  is  a  steady  fall  of  the 

blood  pressure  ( Kig-  io6j,  which   is  due  to  a  reflex  inhibi' 

tion  of  the    vasomotor  centre,   resulting  in  a  dilatation  of 

the  blood  vessels  of  the  abdomen.     Of  course,  if  the  vagi  be 

intact,  there  is  a  reflex  inhibitory  effect  on  the  heart.     ]l  is 

doubtful  if  the  depressor  comes  into  action  when  the  heart  » 

over-distended.    If  it  did,  of  course  the  blood  [►rcssure  wook) 

Vac     .  M  /  r.     Vab       be  reduced  by  the  reflex  dilatation  of  the  abdominal  blood 

vessels.] 

The  depres-ior  nerve  is  |>reifni  in  ihe  cai  (j  370).  hwlgehog  {^mhrt,^ 
/^Svfr),  nX  and  moiiM-.  in  the  lior.se  and  in  roan,  liL>rF>  analogoni  to  tbe^ 
depTcaaor    rceuler   the   trunk    of   the    rsgun   (fifmAardf,    A'mifmitm»i^ 
l>eprc5!(or  fibres  are  also  found  in  the  rabliit,  in  the  trunk  of  the  ta^m-n 
^DretehfeUt,  Stdiing). 


Scb*iD«  or  th«  cardiac 
iicrvvt  In  ihe  nbbtt.  P, 
ptnu;  M,  medulla  ob- 
loiijpiia :  Vau,  VBgtu  : 
fiL,  (upcrtur.  It,,  Inlcrior 
lAryngc&l ;  it,  aupcfior 
canliAC  or  iKprc^^oi ; 
ic.  Inferior  cardutc  or 
cardtO'lnliibllory  ;  H, 
heart. 


7.  The  cardiac  branches  (Fig.  433,  ^,  /),  as  trell  as  ih 

cardiac   plexus,  have  been  described  in  §  57.     These  nenr< 


contain  the  inhibitory  fibres  Jor  the  heart  {Y\%.   434,  u 

cardio-inhibitory  —  EiiwarU  IVehert  Xoveml?cr,  1S45  ; 
Bu<(^e,  inde|>endent]y  m  May,  1846),  also  sensory  Abn^^si 
for  the  heart  [in  the  frog  (^w//^/-),  and  partly  in  mimmi^  li 
{GoUzy\.  Lastly,  in  some  animals  the  heart  receives  «"i»  y 
of  the  aceeUrating  fibres  through  the  trtmk  of  the  vagi^^KS, 
Feeble  stimulation  of  the  vagus  occasionally  causes  acceleration  of  the  beats  of 
the  heart  \Schiff\     [This  occurs  when  the  vagus  contains  accelerator  fibres.]  ip 

an  animal  poisoned  with  nicotin,  or  atropin,  which  paralyzes  the  inhibitory  fibi^^m 
of  the  vagus,  stimulation  of  the  vagus  is  followed  by  acceleration  of  the  hess^rt 
beats  (Schiffy  SchmUdeberg)  [owing  to  the  unopposed  action  of  any  accelcraf  ~fd 
fibres  that  may  be  present  in  the  nerve,  e.  g.,  of  the  frog]. 

8.  The  pulmonary  branches  of  the  vagus  join  the  anterior  and  posterior  j*-^^l- 
monary  plexuses.  The  antcri&r  pulmonary  plexus  gives  sensory  and  mot^Mlor 
fibres  to  the  trachea,  and  runs  on  the  anterior  surface  of  U)e  branches  of  »"  the 
bronchi  into  the  hmgs  (Z).  The  posterior  plexus  is  formed  by  three  to  five  la*'  -*rje 
branches  from  the  vagu.s,  near  the  bifurcation  of  the  trachea,  together  « — ---^id> 
branches  from  the  lowest  cervical  ganglion  of  the  sympathetic  and  fibres  from  '  the 
cardiac  plexus.      The  plexuses  of  opposite  sides  exchange  fibres,  and  branches  *re 

given  off  which  accompany  the  bronchi  in  the  lungs.     Ganglia  occur  in  the 

course  of  the  pulmonary  liranchcs  in  the  frog  {AmoM,  H'.  Stiriing)  [newt —  /'' 
Stiriiag:  and  in  mammals  {/iemak,  Egorow,  IV.  Sfir/iftg)],  in  the  larynx  [O — =*'•/# 
iV.  Sfir/ingi,  in  the  trachea  and  bronchi  [IK  Sitrh'ttg,  Kandaratki'\,      Branc^-^ 
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proceed  from  the  pulmonary  plexus  to  the  pericardium  and  the  superior  vena  nava 
{Lusehka^  Zuckvrkandl). 

The  functions  of  the  pulmonary  branches  of  the  vagus  are — (i)  they  supply 
motor  branches  to  the  smooth  muscles  *:>{  the  whole  bronchial  system  (§  jo6)  ; 
iz)  tlicy  supply  a  small  part  of  the  vasomotor  nerves  of  the  pulmonary  vessels 
(Sfkiff),  but  by  far  the  largest  number  of  these  nerves  (?all)  is  supplied  from  the 
connection  with  the  sympathetic  (in  animals  from  the  liret  dorsal  ganglion) — 
{Brffivn-S^quard^  A.  Fick^  Baiiouil,  Lichtheim) ;  (3)  they  supply  sensory  (cough- 
exciting)  fibres  to  the  whole  bronchial  system,  and  to  ihe  lungs;  (4)  they  give 
afferent  fibres,  which,  when  stimulated,  diminish  the  activity  of  the  vasomotor 
ctntrtt  and  thus  cause  a  fall  of  the  blood  pressure  during  forced  expiration  ;  (5) 
similar  fibres  which  act  upon  the  inhibitory  centre  of  the  heart,  and  so  influence 
it  as  to  accelerate  the  pulse  beats  (§  369,  11^.  Simultaneous  stimulation  of  4  and 
5  alters  the  pulse  rhyihm  {SommerbroM ) ;  (6)  they  also  contain  afferent  fibres  from 
the  pulmonary  parenchyma  to  the  medulla  oblongata,  which  sHmulaie  the  respira- 
tory centre.  [These  fibres  are  continually  in  action],  and  consequently  section  of 
both  vagi  is  foHowecJ  by  diminution  of  the  number  of  respirations  ;  the  respirations 
become  at  the  same  time  d^^eper,  while  the  same  volume  of  air  is  changed  (  Fd/^w/Z/zj. 
Stimulation  of  the  (V///'n7/cnd  of  the  vagus  again  accelerates  the  respirations  {^Traube^ 
/.  Rosenthal).  Thus,  labored  and  difficult  respiration  is  explained  by  the  fact 
that  the  influences  conveyed  by  these  fibres  which  excite  the  respirator)'  centre 
reflexly  are  tut  off;  so  it  is  evident,  tlial  centrijKtal  or  afferent  impulses  proceeding 
upward  in  the  vagus  are  intimately  concerned  in  maintaining  normal  reflex  respira- 
tion ;  after  these  nerves  are  divided,  conditions  exciting  the  respiratory  movements 
must  originate  direct/y^  especially  in  the  medulla  oblongata  itself  (§  368). 

Pneumonia  after  Section  of  both  Vag:i. — The  inilammoJioti  which  follows  .section  of  U-ih 
■vajji  has  Rltractcd  ihe  nUcnlton  of  many  observer*  since  (he  lime  of  VnUnlva,  Morgajpu  (1740),  ond 
t.cgaltoi&  ([8l3).  In  ottenipting  to  explain  this  phenotnenon,  we  mu!^t  bear  in  mind  the  following 
considerations :  (a)  Section  of  both  vagi  is  followed  Iw  loss  of  motor  ]>ower  in  the  miiscleit  of 
ifae  larynx,  as  well  as  the  sfmibilitv  ol  the  larynx,  trachea,  bronchi,  and  the  tung»,  provided  the 
iicdion  be  madi;  atx>ve  the  origin  of  ihe  superior  loryn^al  nerves).  Hence,  the  gloitts  is  not  clo::ied 
4uiing  swallowing,  nor  is  it  closed  rerienly  when  foreign  liodies  (saliva,  ponicles  of  food,  irrc^rabje 
gases)  enter  the  respirator)'  paastges.  Kven  the  lelles  net  of  oju^hitu;,  whicli,  uniler  oidinary 
circumstances,  would  get  rid  of  the  offending  l>odics,  is  al^lishcd.  Thus,  foreign  Ivxlics  mny  readily 
enter  the  lungs,  and  thi«  is  favored  |jy  the  fact  that,  owing  to  the  stmulioncou'i  pnrilyMs  of  the  rr»o* 
ph^us,  the  food  remains  in  the  laUer  for  a  time,  and  may  therefore  ta.<>ily  enter  the  larynx.  That 
this  constitutes  one  important  factor  was  proved  by  Trjubc,  who  found  (hat  the  pneumonia  was 
prevenicd  when  he  caused  the  aninuiU  to  respire  by  mecin^  of  a  tube  inscricd  into  the  trachea  through 
an  aperture  in  the  neck.  If,  on  the  conirary,  only  the  motor  recurrent  nerves  were  divided  and  the 
4E!>oi>haj;iu  ligatured,  so  that  in  the  proces?^  of  nticnipting  to  swallow,  food  awxsx.  necessarily  enter  the 
respiratory  pa.wagc«.  "traumatic  pneumonia  "  WHS  the  invariable  result  {'I'muhe,  O.  frfv).  |b) 
A  second  factor  depends  on  the  circumstance  thai,  owing  to  the  labored  ond  difficult  respiroiiou,  the 
h*ngs ie^ome turehar);f,i with b!i}oit,htcaKxsEA\iT\i\^x\iK\ot\^  lime  thai  the  thorax  is  distended, the  pres- 
sure of  the  air  witliiu  the  lungs  is  abnormally  low.  This  condition  of  congeition,  or  atmormol  hlling 
of  the  pulmonary  vessels  wiih  blood,  is  followed  by  serous  exudation  (pulmonary  cedcma),  and  even 
by  eKudation  of  blood  and  the  formation  of  pu**  in  the  air  vesicles  iFrcy).  I'his  same  circumstance 
favors  ibe  entrance  of  fluids  thr-jugh  the  glottis  (^  352.  J).  The  mtroduction  of  a  tracheal  cannula 
will  preveni  the  entrance  of  Huids  and  the  occurrence  of  inflammation.  It  is  probable  that  a  jvirtial 
para/ysis  of  the  pulmonary  vasomotor  nerves  may  Iw  concerned  in  the  inflammation,  as  this  conduces 
to  on  engorgement  of  the  pulmonary  capillaries,  (c)  Lastly,  it  is  of  co[u>et|uence  Ii>  determine 
whether  Irofihit  fibres  are  present  in  the  vagus,  which  may  influence  the  normal  condition  of  the 
polmonary  lissueSi.  Accordmg  to  Mlchaelson,  the  pneumonia  which  takes  place  immettialelv  nXlcr 
section  of  ibe  vagi  occurs  especially  in  the  lower  and  middle  lobes;  the  pneumonia  which  follows 
section  of  tlie  rccurrenLs  occurs  more  stawly^  and  causes  catarrhal  influinroaiion,  cs|)eciilly  in  the 
trpper  lotics.  Rabbits,  as  a  rule,  die  within  tweuty-fom'  hours,  with  all  the  symjMnms  of  pneumonia; 
when  llw  alxive- mentioned  precoutions  are  tnkcn,  Ihcj'  may  live  for  several  days.  L)o^8  may  live 
lor  a  long  time.  If  the  9th,  loih,  and  I2lh  nerves  be  torn  out  on  one  side  in  a  rabbit,  death  takes 
place  from  pneumonia  [G'/untiagen).  In  birds,  bilateral  stxtion  of  ihe  vagi  is  not  followed  by 
pneumonia  {Blninville,  Billroth),  Liccausc  the  upper  larynx  remains  capable  of  closing  tirmly — death 
takes  place  in  eight  to  ten  days  with  the  symptums  of  itmmtt'«n  {£inirot/t,  Zander,  v.  Anrep), 
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while  the  heart  undcrgvKf  fatty  degeneration  {Etehhcnt),  and  so  do  ihe  liTer,  sionucb  aikd 
muscles  (r.  Aarff).  According  lo  WaMJlieff,  the  heart  shows  cloudy  swelling  and  sltf^ht  was-like 
degenerniicxi.  Frogs,  which  ai  evrry  respirniicHi  open  the  glottU,  nnd  cl<><«  it  during  the  pause,  die 
of  asphyxia.  Sccitun  uT  tlic  puliujoary  branches  has  no  injurious  effect  {Bidiier).  [Uailmtcral  sec- 
lion  of  the  vagus  In  rabbits  is  followed  within  forty-eight  houTi  by  the  appearance  of  yetlowish-wfaiie 
»pots  on  the  myocardium,  especiaily  near  the  inter  ventricular  ftqrium,  on  the  p^allar^  miudci,  aud 
along  the  furrowt  for  the  coronary  arteries.  The  muscular  hlwe*  exhibit  retrcgressive  changes 
wherdty  tlieir  'Atix  disappear;  they  become  swollen  up  and  fdled  with  albuminous  grannies.  .Mtei 
eight  to  ten  dayh,  the  iiitcrbiitial  tiii&ueof  these  foci  becomca  infiltrated  m  ith  small  round  granular 
cells,  especially  nenr  the  hlood  vessels.  At  a  later  Mage,  the  interstitial  coimective  tissue  increases 
in  omouni,  and  the  muscle  atrophies.  No  effect  is  produced  by  sectioo  of  the  depresfior  or  sympa- 
thetic, and  Famine  concludes  that  some  of  the  6bres  of  the  vagvs  exert  a  trophic  actioa  on  the 
myocardium.] 

9.  The  oesophageal  plexus  (Fig.  434,  r)  is  formed  principally  by  branches 
from  the  vagus  al»ovc  the  inferior  laryngeal^  from  the  fHilmonar>'  plexus,  and  below 
from  the  trunk  itself.  'I'his  plexus  supplies  the  cesophagiis  with  motor  power 
(§  156),  the  sensibility  which  is  present  only  in  the  upper  part,  and  it  also  sup- 
plies fibres  c:a[)aljle  of  exciting  reflex  actions. 

10.  The  gastric  plexus  {00)  consists  of  (a)  the  anterior  (left)  termination  of 
the  vagus,  whicli  supplies  fibres  to  the  oesophagus  and  courses  along  the  small 
cun'aturf?,  and  sends  a  few  fibres  through  the  jwrlal  fissure  into  the  liver;  (A)  the 
posterior  (right)  vagus,  after  giving  off  a  few  fibrts  to  the  cesophagus,  takes  part  in 
the  formation  of  the  gastric  plexus  10  which  {c)  sympathetic  fibres  are  added  at  the 
pylorus.  Section  of  the  vagi  is  followed  by  hypcrDemia  of  the  gastric  mucous  mem- 
brane {Panum,  Pituus),  but  it  does  not  interfere  with  digestion  {Bidder  and 
Schmidt  )t  even  when  it  is  performed  at  the  cardia  {Kritz/er^  Schiff). 

1 1 .  About  two-thirds  of  the  right  vagus  on  the  stomach  joins  the  CGcltac  plexus, 
and  from  it  branches  accom|)any  the  arteries  to  the  liver,  spleen,  |jancrea$,  duodenum, 
kidney,  and  suprarenal  caiisules.  The  vagus  supplies  motor  fibres  to  the  stomach, 
which  belong  lo  the  root  of  the  vagus  itself  and  not  lo  the  accessorius  (StiHing, 
Bischoff).  The  gastric  branches  also  contain  afferent  fibres,  which,  when  stimu- 
lated, cause  refiexly  a  secretion  of  saiiva  (§  145).  It  is  undetermined  whether  they 
also  cause  vomiting.  For  the  effect  of  the  vagus  upon  the  movements  of  the 
intestine  (.see  §  161).  According  to  some  oltscrvcrs,  stimulation  of  the  vagus  is 
followed  by  movement  of  the  large  as  well  as  of  the  small  intestine  {StiHirig,  Kupffer^ 
C.  Luduiig,  Hemai).  Stimulation  of  the  peripheral  end  of  the  vagus  caiLses  con- 
traction of  the  smooth  muscular  fibres  in  the  capsule  and  Irabeculae  of  the  spieen 
(m  the  rabbit  and  dog,  §  103).  Stimulation  of  the  vagus  at  the  cardia  causes  in- 
crease in  the  secretion  of  urine  with  dilatation  of  the  renal  vessels,  while  the  blood 
of  the  renal  vein  becomes  more  arterial  (CV.  Bernard).  Accortling  to  Rossljach 
and  Quellhorst,  a  few  vasomotor  fibres  are  supplied  by  the  vagus  to  the  abdominal 
organs,  while  the  greatest  number  comes  from  the  splanchnic. 

1 2.  Reflex  Effects. — The  vagus  and  its  branches  contain  fibres,  some  of  which 
have  been  referred  to  already,  which  act  refiexly  (afferent)  upon  certain  merofius 
mechanisms. 

(a)  On  the  vasomotor  centre  there  act  {d\  pressor  fibres  (especially  in  iKjth  laryngeal  nores), 
whose  stimulation  is  followed  b>'  a  retlex  contraction  of  the  arterial  bicxtd  channels,  and  thus  caose 
a  rise  of  the  blood  presinre;  (fi'\  dfprenor  fibres  (in  the  depressor  or  ihe  vagus  itself),  which 
have  exactly  an  opposite  effect.  ^Thii  subject  is  specially  referred  to  under  the  bead  of  the  Vai^- 
motor  nervt  centre,  \  37I-I 

{b)  On  iIk  respiratory  centre  there  act  (a)  filircs  (pulmonary  branches)  whoae  sthnolatinn  b 
followed  by  Q<ctieraUcH  of  the  rc^piraiioD;  and  \^)  inhibitory  fibres  (in  both  laryngcab),  whose 
Miniulalion  is  (bllowal  by  sliming  or  arrest  of  the  res|Mration.     (Sec  RrspiratoTy  entire,  \  JbS.) 

(r)  On  the  cardio-inhibitory  system. — [When  the  fenlrtti  end  of  one  vagus  is  stimulated, 
provided  the  other  vagu*.  i&  inlact,  the  heart  may  be  ftrTc>ted  refiexty  io  the  diastolic  phase.  ]  Marrr 
qikI  IVihram  ohserved  that  sudden  disteniion  of  the  stomach  cau-^ted  .slowing  »m1  evai  arrest  of  (he 
heart,  while,  at  the  same  time,  there  was  contractioo  of  the  arteries  <3i  the  inedulla  oblongata  aud 
increaM:  of  the  blooil  prrs^unr. 

(t/)  On  the  vomiting  centre.— This  centre  may   t>e  affected   by  stimulation  of  the   eentnd 
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tnd  of  ibe  Ta^«,  and,  as  nlroidy  metilioned,  hy  stimulation  of  manv  affierent  titires  in  the  vagus 

11  158)- 

{/)  On  the  pancreatic  secretion. — StJcDulation  of  the  reH/ra/aid  of  the  vagas  u.  followed  by 
wrest  of  this  s«rction  ^!1  171). 

{/)  Actordmy  to  CI.  Bernard,  thttc  art  fibres  prcicnt  in  tlie  pulmonary  nerves,  which,  when  ihey 
arc  stimulnied,  increase  rcllexly  the  formation  of  sugar  in  the  liver,  perhaps  through  the  hepatic 
■'ranches  or  the  vagus. 

Unequal  Excitability. — The  various  branches  of  the  vagus  are  not  all  endowed  with  the 
«inc  degree  of  fxcitahiUty.  If  the  pertfiherat  end  of  (he  vagus  be  stimulated,  first  of  all  with  a 
weak  stimulus,  the  laryngeal  RiuM:le«  are  first  affected,  and  afterward  the  heait  is  slownl  {.Htither- 
furif).  If  the  itMlrat  end  be  stuuulatcd  with  feeble  stimuli,  the  "excito-ropiratory "  fibres  are 
exhausted  before  llie  "  inhibitorespiratory "  {Jiurkati),  According  to  Sleiner,  the  various  fibres 
arc  M)  arranged  in  the  vagus  that  the  afTcrcDL  fibres  lie  in  ihc  outer,  and  the  cffereut  in  the  inner,  half 
of  the  trunk,  in  the  cervical  rcf^tnn. 

Pathological. — Stimulation  or  paralysis  in  the  area  of  the  vagu<i  must  necesstirily  present  a  very 
ditfcrcot  picture  accordin|j  as  the  affectiou  is  referred  to  the  whole  trunk  or  only  to  some  of  its 
branches,  or  whether  the  oflectioa  is  uniloleral  or  bilotcrsL  Paralysis  of  the  pharynx  and 
oesophagus,  which  is  usually  of  central  or  intracranial  origin,  interferes  with  or  abolishes  degluti- 
tion, so  that  when  the  resophagus  becomes  fdled  with  food  there  ia  difficulty  of  breathing,  and  the 
food  may  even  pass  into  the  nasal  cavities.  A  peculiar  sonorouit  gurglmg  is  occnsionnlly  henrd  in 
ihe  relaxed  canal  (dqjlutatio  sonoraK  In  incomplete  paralysis,  the  act  of  deglutition  is  delayed 
and  rendered  more  dilBaill,  while  large  m&.s<>e-)  are  swallowed  more  eAsity  than  small  ones,  /n- 
treaitJ  coniraition  and  spasmodic  stricture  of  the  ccsc^agus  are  referred  to  under  the  phenomena 
of  general  □ervnu'^  excitabilit)'  (J  186). 

Spaam  of  the  laryngeal  muscles  causes  s^iasmodic  closure  of  the  glotlis  (ii]#^jiWMi^'Atf/rV/iV). 
This  condition  is  most  apt  to  occur  in  children,  and  lake^  place  in  paroxysms,  with  symjKonvs 
of  dy^^oura  and  crowing  itutpiratiun;  if  the  Ca:^  l>e  very  severe,  there  may  be  muscular  con- 
tractions (of  the  eye,  jaw,  digits,  etc.).  The  symptom*,  are  vcr)*  probably  due  to  the  rcHex  spasms 
which  may  L>e  discharged  from  the  sensory  nerves  of  several  areas  (teeth,  intestine,  skin).  'Ilie 
impulse  is  conducted  along  the  sen»ory  nerves  pitoceeding  from  these  areas  to  the  medulla 
oblongata,  where  it  causes  the  discharge  of  the  reflex  mechanism  which  pioduccs  the  above- 
mouioaed  results.     There  may  be  »pa&m  of  the  dilators  of  the  glottis  and  other  laryngeal  muscles 

Stimulation  of  the  unt&ry  nerves  of  the  larynx,  as  n  well  known,  produces  coughing.  If  th* 
stimuiaiion  be  very  intense,  as  in  u hooping-cough,  the  fibres  lying  in  the  laryngeal  nerves,  which 
inkibii  the  re>jKralor>'  centre,  may  also  be  stimulated  ;  the  number  of  respirations  is  diminished,  and 
vltiniately  the  respiration  ceases,  the  diaphragm  Wing  relaxed  ;  while,  M'ith  the  most  intense  stimu 
latioo,  there  may  he  spasmodic  OipiriUory  nrresl  of  the  re»<piralion  with  closure  of  the  glottis,  which 
nmy  last  for  fifteen  seconds.  Pnmtysu  of  the  Utryngtal  nertvt,  which  causes  disturbances  of  jfrtfA, 
has  been  referred  to  in  ^  313.  Id  bilateral  fnira lysis  of  l he  rtiurrent  nenrn,  in  conse(|uence  ol 
tension  upon  them  due  to  dilatation  of  the  aorta  ami  the  subclavian  artery,  a  conAiderablc  amount  of 
air  is  breathed  out,  owing  to  the  futile  efforts  which  the  patient  makes  in  trying  to  speak ;  cxpcctora- 
lioD  is  more  difiicult,  while  violent  coughing  is  impossible  {v.  Ziemssen).  Attacks  of  dy^nira  occur 
just  as  in  animals,  if  the  person  make  violent  efforts.  Some  observers  [^Salter,  Ser^ton)  have  referred 
the  paroxysms  of  nervous  asthma,  which  last  for  a  quarter  of  an  hour  or  more,  and  constitute 
asthma  bronchiole,  to  stimulation  of  the  iMjlmonar^'  plexus,  causing  hjasmodic  cotilruction  of  the 
bronchial  muscle  ({  106].  Physical  investigation  during  the  paroxysms  reveals  nothing  but  the 
csislence  of  some  rhonchi  ({  1 17).  If  this  condition  ii  really  spasmodic  in  its  nalurr{?  of  the  vessels), 
it  must  be  usually  of  a  reflex  character;  the  afferent  nerves  may  be  those  of  the  lung,  skin,  or  geni- 
tals (in  hysteria).  I'erliaps,  however,  it  is  due  to  a  temporary  paralysis  of  the  putroonsry  nerves 
(alTereml,  which  excite  the  respiratory  centre  (exdlo-respirntory). 

Stimulation  of  the  cardiac  branclres  of  the  vagus  may  cause  attacks  of  temporary  suspension  of 
the  cardiac  contractions,  which  arc  accompanitxl  l>y  a  feeling  of  great  depre!^ion  and  of  impending 
dissolution,  with  occasionolly  pain  in  the  region  of  the  heirt.  Attacks  of  this  sort  miy  be  produced 
rtfiexly,  e.j^.,  by  Klimulatton  or  irritation  of  the  ulKlominai  organs  (as  iu  the  experiment  of  Goltx  of 
tapping  the  inteitines).  Hennoch  and  Silliermann  observed  slowing  of  Ihe  action  of  the  heart  in 
children  mfTermg  from  gastric  irritation.  Similarly,  the  respiration  may  be  affected  rellcxly  through 
the  vagus,  a  coriditinn  descn^>ed  by  Hennoch  m  asthma  dyspepticum.  In  cases  of  int<.imittf;n[ 
piralysis  of  the  cardiac  branches  of  the  vagiis.  we  rarely  find  ncielemtiort  of  the  pulse  alxivc  i6a 
[Iiieg€l)t  200  (  Tunek.  L.  Langer);  even  340  pulse  beats  per  minute  have  been  recorded  {Kuppert)^ 
and  in  such  cases,  the  beats  vary  much  in  rhythm  and  force,  and  they  ore  very  irregular.  These  cases 
require  to  l>r  more  minutely  analyzecl,  as  it  is  not  clear  how  much  is  due  to  paralysis  of  the  vagus 
and  bow  much  10  the  action  of  the  accelerating  mechanism  of  the  heart.  Little  is  known  of  aflec- 
tioru  of  the  intra-ahdontinai  fibres  of  the  vagus.  It  seems  that  the  sensory  branches  of  the  stomach 
do  not  come  fmm  the  vagu<.  If  the  trunk  uf  the  vagus  or  its  centre  be  paralyzcU,  there  are  labored, 
deep, slow  respirations,  such  at^  follow  the  section  of  both  vagi  {Cu//mtimn). 
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393.  XI.  NERVUS  ACCESSORIUS  WILLISIl.— Anatomical— This  ncrre  uws  by 

two  coinptHcly  Acpsrntc  rDo4i>;  ont  from  the  accessorius  nucleus  of  the  mcdullA  obtongata 
(Fig.  427,  1 1 ).  «hich  is  connecied  with  ihe  vogus  nuclttu ;  while  (he  other  root  atiset  between  the 
anterior  and  {wstertor  nerve  roots  froru  ibe  spinal  Cord,  usual!)'  tictwern  the  5tb  and  6tli  cerTical 
vtfttcbr.c.  In  the  spinal  cord,  its  fibres  cnn  be  traced  to  an  elongated  nucleus  1>ing  oti  the  ooter  side 
of  the  anterior  cornu,  as  Ux  downward  0$  the  5th  cciyicaI  vertebra.  N'ear  the  ju|;ular  forunen  both 
portions  come  together,  but  do  not  exchange  libres  [Holl)\  both  roots  afterward  ^parate  from 
each  other  to  form  two  distinct  branches,  the  anterior  {inn^),  uhich  ariHS  from  the  medulb 
oblongata,  passing  rn  masie  into  ihc  plexus  gangUiformtx  vagi.  Thi^  branch  lupplie'i  the  vagus 
willi  most  of  its  ma/or  fibres  (compare  $  352,  3),  and  also  its  cardiotMhibUary  U\vc%{'F\^.4ii). 
[The  upper  cervical  mctamcrc5  or  segiDcnts  give  origin  not  only  to  the  anterior  and  poilcrtoT  rooi* 
of  the  corresponding  n(.T\'e  rr>ols.  but  iettvetrn  these  n»ots  arise  the  roots  of  the  spinal  accessory  oervr, 
This  ncrre  contains  large  medulbted  nerve  Hbrcs.  andyfw/  tncdullated  Wires  such  as  characteriKC  the 
visceral  braiiche»of  the  thoracic  and  sacra.)  regions  (j  35^  >-  The  nerve  passes  hy  the  jugular  ganglion 
of  the  vagus,  then  divider  into  the  extenul  and  internal  branch.  All  the  large  fibres  pau  Into  the 
external  branch,  winch,  along  with  branches  fniin  the  cervical  plexus,  supply  the  sle mo- mastoid  aDd 
trapezius.  'Hie  internal  brand),  composed  of  small  libres,  passes  into  the  ganglion  of  the  trunk  of 
the  vagw.  Gaskelt  therefore  regards  the  internal  branch  "as  formed  by  the  rami  visceralesof  the 
upper  cervical  and  vagtis  nerves.''  These  fine  medutlstrd  nerve  fibres  pcobahly  arise  Grom  the  cells 
of  the  ]wsierior  vesicular  coltusn  of  Clarke.  The  motor  fibres  to  the  irapezitts  and  stemo-mastotd 
arise  from  the  cells  of  the  lateral  horn  of  gray  matter.] 

If  the  accessorius  be  pulled  out  by  tlic  root  inaiiinuls,  the  card  to- inhibitory  fibres 
undergo  degeneration.  If  the  trunk  of  the  vagits  be  stimulated  in  the  neck  four  to 
five  days  after  the  oijeration,  the  action  of  the  heart  is  no  longer  arrested  thereby 
[owing  to  the  degeneration  of  the  cardio-inhibilory  fibres]  {IVa/Ur,  Schiff,  Dasz- 
kiiwicz,  Heiiienhain);  according  to  Hcidenhain,  the  heart  beats  are  accelerated 
immediately  after  pulling  out  the  nene. 

The  external  branch  arises  from  ihe  spinal  roots.  This  ner\'e  commtjnicales 
with  the  sensory  branches  of  the  posterior  root  of  the  ist,  more  rarely  of  the  2d 
ccr\'ica.l  ner\e,  and  these  fibres  supply  sensibility  to  the  mascles ;  it  then  turns 
backward  above  the  transverse  process  of  the  atlas,  and  tenninatcs  as  a  motor 
ner\-e  in  the  stemo-mastoid  and  trapezius,  (^'g-  433)-  ^^  latter  muscle  itsually 
receives  motor  fibres  also  from  the  cervical  plexus  (Fig.  429). 

The  external  branch  communicates  with  several  cen  ical  nerves.  These  fibres  either  participate  in 
the  innervation  of  the  above-nanncd  muscle:!,  or  the  acce&soritis  returns  pari  of  the  Miuory  fibres  sap- 
plied  by  the  posterior  roots  of  the  two  upper  cervical  nei^*es. 

Pathological. — Stimulation  of  the  tfuter  branch  causes  tonic  or  clonic  spasm  of  the  above 
named  miisclrs,  usually  on  one  side.  If  (he  branch  to  the  strmo- mastoid  he  affected  alone,  the  head 
is  moved  with  each  clonic  spa^m.  If  the  affection  be  bilateral,  the  bpasm  ustiaJly  lakes  place  00 
opposite  sides  alternately,  while  it  is  rare  to  have  it  on  both  sides  simultaneously.  In  spaam  of  the 
trapeaiuB  the  head  is  drawn  backward  and  to  the  side.  Tonic  contraction  of  the  flexors  of  the 
head  causes  the  characteristic  [)o»ii«n  of  the  head  known  as  caput  ofastiputn  (spasticom)  or  wryneck. 
In /ara/ytit  of  one  of  these  muscles,  the  head  is  drawn  toward  the  sound  side  (torticollis  paraly- 
ticus).    Paralysis  of  the  irapeiius  is  usually  only  partial. 

Paralysis  of  the  whole  trunk  of  the  spinal  acccsiory  {usually  caused  by  central  conditions), 
besides  causing  paralysis  of  the  stemo-inaMoid  and  trapezius,  also  paratyies  the  motor  branches  of 
the  vagiu  already  referred  lo  {Jiri,  frSnttl). 

354.  XII.  NERVUS  HYPOGLOSSU3.— Anatomical.— It  arises  fiom  two  hr^ftiM 
nuclei  within  the  lowest  part  of  the  calamus  scriptorius,  and  one  adjoining  tmaU-tflifJ  nucleus 
(/fa/Ur),  while  additional  fibres  come  from  the  brain  ( }  378),  and  also  pcrhapa  from  the  olive  (Kig. 
427.  121.  It  springs  by  10  to  15  twig«  in  a  line  with  the  anterior  roots  of  the  «pinal  nerve  (Fig.  4: 
IX).     In  its  development  part  of  the  hypogloi^sal  tiebavc<  as  a  spitui  nerve  {Frortep). 

Function. — It   is   motor  to  all   the  mtiscles  of   the  tongue,  incliKling  the 

genio-hyoid  and  th}To-hyoid. 

Connections. — The  uunk  of  the  hypoglossal  is  connected  with  (1)  the  sitperior  cervical e^n 
giiftt  of  the   xympatketic^  which    supplies  it    with    Xfosomo/ar  fiWes   for  the   bLod   vessels   of  th 
tongue.     After  section  of  the  hypogto^sal  and  lingual  ner^'cs,  the  corresponding  half  of  the  tong«t] 
Itccomcs  red  and  congested  ( ScMiff  >.    \  2)  lliere  is  also  a  branch  from  the  plexus  gaogliifonnts  vagi,  ' 
its  small  lingual  branch,  to  the  cocnmencement  of  the  hypoglossal  arch,     The«  fibres  sopply  the 
hypoglossal  with  tfmsory  tibres  for  the  muuUi  of  tke  tongue^  for  even  after  section  of  the  litigitsl 
the  toi^e  still  jpaseaaca  dull  sensibility.     It  is  uncertain  whether  fibres  with  a  umilar  fnoctioa 
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ptnly  derived  from  the  cervic&l  nerves  or  from  the  anastomosis  which  Ukes  pla.ce  with  ihe  Ungual. 
(3)  It  is  united  with  the  upper  ternital  ttetres  b;r  means  of  the  loops  known  as  the  ansa  hypoglo&si. 
These  connecting  tibrcs  run  in  the  dc:>ccndcu8  noni  to  the  ^tcnio-hyoid,  omo-hyuid,  and  »tcrno-ihytoid. 
Cervical  tibrcs  do  not,  as  a  rule,  enter  the  tongue;  stimulation  of  the  root  of  the  hypogloM-il  act.s 
upon  the  above-named  muscles  only  verj-  rarely  and  to  u  very  slight  extent  (  Vo/Amann).  (Compare 
I  297,  3.  and  3336,  in.) 

Bilateral  section  of  the  nene  causes  complete  motor  paralysis  o(  the  tongue, 
Dogs  can  no  longer  lap,  ihey  bite  the  flaccid  tongue.  Frogs,  which  seize  their  prey 
with  the  tongue,  must  stan-e ;  when  the  tongue  liangs  from  the  mouth,  it  must 
prevent  the  closure  of  the  mouth,  so  that  these  animals  must  die  from  asphyxia,  as 
air  is  pum[jed  into  the  lungs  only  when  the  mouth  is  closed. 

Pathological. — Paralysis  of  the  hypoglossal  (glossoplegia),  which  is  usually  central  in  its 
origin,  causes  disturbance  o{  speech  {^  319)-  [In  unilateral  |>alfty,  the  tonjjue  lies  in  the  ntnulh  in 
its  sonoaJ  position,  but  ihe  base  \^  more  prominent  on  (he  paralyzed  side.  When  the  tongue  is  i>to- 
irudcd,  it  posses  to  the  sound  i-ide  by  the  genio-hyoglossus  [\  15S).]  Paralysis  cif  the  tongue  also 
interferes  with  mastication,  the  formation  of  the  bolus  in  the  mouth,  and  deglutition  in  the  mouth, 
Owing  to  ihe  impeil'ect  movements  of  the  tongue,  fatte  Ls  imperfect,  and  the  .singing  of  high  note* 
and  the  falsetto  voice,  which  rc*|uirecertnin  |K)sition!tof  the  longue,  appear  lo  he  impossible  [/iennufi). 

Spasm  of  the  tongue,  which  caut>cs  aphthongia  (^  31^)1  is  usiully  reflex  in  its  origin,  aoO  11 
exiremrly  rare.  Idiopathic  cafws  of  spasm  of  the  tongue  have  been  de«cnl»rd;  the  »cat  of  the  irri- 
tation lay  either  in  the  cortex  cerebri  or  in  the  obluogaia  {Berber,  E,  Rtmak).  For  Ps«udo-motor 
Action,  see  p.  6$o. 

355.  THE  SPINAL  NERVES.— Aiialoraical.— The  thirty-one  pairs  of  spinal  nerves  arise 
by  means  of  a  posterior  [superior, ganglialed]  root  (consisung  of  a  few  large  rounded  bundles), 
frnm  the  »]lcu.s  between  the  po&terior  and  lateral  columns  of  the  spinal  cord,  and  by  means  of  an 
anterior  [inferior,  non-gangtiated]  root  (consisting  of  numerous  tine  Hat  strands),  from  the  furrow 
l)ctwecn  itie  anterior  and  lateral  columns,  Fig.  435.  The  posterior  roots,  with  the  exception  of  tbc 
Ist  cervical  nerve,  are  the  larger.  Occasionally  the  roots  on  opposite  sidc^  are  not  symmetrical ;  ontr 
or  other  root,  or  even  a  whole  nerve,  may  l>c  absent  from  the  dorsal  region  {.^i/iimh'euru-s).  On  the 
posterior  root  is  the  spindlc-shaj^d  spinal  ganglion  (^  32I,  II,  3),  which  i-s  occasionally  double 
on  the  lumbar  and  Jacral  nerve*,  /ieyomi  M^^flMi;/(Vn.  the  two  roots  unite  to  form  within  the  spinal 
canal  the  mixed  trunk  of  s  spinal  nerve.  The  branches  of  the  nerve  trunk  invariably  contala 
fibres  coming  from  both  roots.  The  number  of  fibres  in  the  nerve  trunk  is  exactly  the  .same  as  in 
ibe  two  roots ;  hence,  we  must  conclude  that  the  nerve  cells  in  the  spinal  ganglion  are  intercalated  in 
the  course  of  the  fibres  [Cau/e  and  Birge). 

Varieties. — The  spinal  ganglion  is  sometimes  double,  and  according  to  Hyrtl,  isolated  ganglionic 
cells  frct|uently  occur  in  the  (posterior  root,  between  the  ganglion  and  the  cord.  Occasionally  the 
roots  are  somewhat  unsym metrical  on  opposite  sides;  in  the  dorsal  pan  one  or  other,  or  both  roots 
-of  a  spinal  nerve  are  sometimes  alisent  [.^t/amiirwirx). 

[Morphology  of  Ihe  Spinal  Nerves  and  Limb  Plexuses. — A  typical  segmental  spinal  nerve 
{ Fig.  435 ),  divider,  after  it<)  formation,  into  three  pnrts,  a  dorsal  branch,  or  superior  primary  division 
distrilmtcd  to  the  luicU,  a  somatic  branch,  or  inferior  primary  dt>-ii«ion,  suppl)-ing  the  l:o<ly  wall  or 
limbs;  and  a  splanchnic  or  visceral  branch,  or  ramus  communicans,  connected  with  the  sympa- 
thetic  gangboled  cord,  and  distributed  to  the  large  vessels  and  viscera.  The  somatic  branch  is  the 
largest,  and  is  generally,  by  human  anatomists,  spoken  of  as  the  "  anterior  primary  division."  In 
the  tbomcic  and  upper  lumbar  regions,  the  distribution  of  this  nerve  is  simple.  It  divider  into  an 
external  (or  lateral)  branch,  and  an  internal  (or  anterior)  branch,  which  supply  respectively  the 
lateral  and  anterior  poiiions  of  the  thoracic  and  abdominal  walls.] 

[In  the  region  of  the  neck,  and  in  relation  to  the  limbs,  the  arrangement  of  the  somatic  laranches 
becomes  comphcated  by  the  formation  of  the  plexuses.  In  the  embryo,  however,  the  disiribuHon  of 
the  Dcrvcs  ii  Mmpler,  and  a  comparison  can  be  made  both  with  the  adult  arrangement,  and  with  the 
typical  nerve  t%s  seen  m  the  thoracic  region.  In  the  embryo,  the  neck  as  such  does  not  exist,  and 
the  upper  hmb  sjirjuls  out  directly  beyond  the  segmented  visceral  arches.  In  this  .stole,  the  somatic 
[•ranch  is  di'^trilintcd  at  in  the  thoraric  region;  the  nerve  divides  into  an  external  and  an  tn'emal 
branch.  dUtribuicd  lo  the  side  and  front  of  the  corresponding  pan  of  the  arches  in  the  neck,  in  the 
regions  where  the  limbs  are  appearing  a»  two  flaUened  buds  from  the  venlro- lateral  aspect  of  the 
body.  The  somatic  branch  sweeps  round  into  the  blastema  forming  the  limb,  and  divides  into  its 
two  branches,  external  and  internal,  or  dorsal  and  ventral,  which  ore  distributed  to  the  outer  (dorsal) 
and  inner  (ventral)  surfaces,  respectively,  of  the  primitive  limb.  At  this  time,  (he  cartilaginous  and 
muscular  etcmcn(&  of  the  limb  have  not  become  dilTcrcnUated.  While  this  is  occurring,  (he  dorsal 
and  ventral  parts  of  the  ^tomalic  branches  of  the  nerves  entering  the  limb  unite  with  adjacent  dorsal 
and  ventral  branches,  in  various  combinations,  so  ns  to  produce  the  limb  plexuses.  The  nerves  re- 
_    Aulting  from  these  combinations  are  di&triliuted  10  the  primitive,  dorsal,  and  ventral  surfaces  of  the 
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bcfuie  the  period  of  flexion  and  angulstion  of  ihe  limbn.  These  processes  niark  Ihc  condfLlottft 
the  ndiilt;  Init  even  then  it  is  easy  lo  make  out  that  ibe  nerves  in  the  upper  limb  derived  from 
poiteiiur  (dorsal)  cords  of  the  brachial  plexus  supply  the  icapular  region.  enteiiMir  sur<«:e  of  tilt  WOl 
and  forearm,  and  the  back  of  the  hand — part!^  uhich  are  deiived  from  (be  dorsal  lar^Mre  of  the 
primitive  litnh;  while  the  nerves  produced  fiom  the Hnierior(venir«l) cords  supply  Uic p«aonU  region, 
front  of  llie  anil,  foicurm,  and  li«n<l — part-*  representing  the  primitive  vcntrti  surfaiiCL] 

[In  the  lower  linih,  ihc  nerves  derived  from  a  union  uf  the  poaetior  branches  «e  the  e»ii 
cutaneous,  unterior  crurnl,  glutcil,  nnd  cxtemnl  popliteal.  These  supply  l!ic  ilinc  surUces.  the  : 
of  ihc  tlii^b,  let;,  and  fiM:it — belonging  to  Ihe  primitive  dnr^al  surface  of  the  lixnb.  'Vitt:  u 
formed  by  the  union  of  anterior  brantbci — gcniio-crural,  oliiuraior,  and  Internal  Ijyipliie*!,  m  Uke 
mnnner  supply  iIil-  p-irt-s  of  the  limb  corresponding  to  the  ventral  hurface — ihc  inner  wde  and  hmcV  cf 
the  thigh,  ihc  back  of  the  Irg.  and  the  sole  of  the  foot  (,-/.  M.  Patfrson).'\ 

[Structure  of  a  Spirtat  Ganglion. — Tht:  ^ranglion  is  invested  by  a  tliin,  firmly  adherent,  thrath 
of  connective  tissue,  which  sends  processes  into  the  swelling,  and  is  continuous  with  the  kfamha  *»( 
the  Dcrrc  entering  and  leaving  the  ganglion  ( Fig.  436,  i).  In  mammals,  f.  g.,  nbUt,  a  loo^sdi 
nol  section  of  such  a  ganglion  exhibits  the  celk  arranged  in  groups,  witji  fiirands  of  niTvc  fib 

Ftu.  436. 


Pig-  435. 
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UlAgram  of  m  spinal  nerve ;  C,  ipinil  card  ;  *r,  ar,  pmlcrior  ami 
anterior  roots  :  SPU,  IPD,  superior  and  inlcHor  pHntiry  diiri- 
sloas  ;  4,  V,  dorsal  and  venirjl  branches;  tr^  sym^lhetic  root 


Lon|[inidl»»l  »ctiiop  of  ■  aptiMl  f^m^Sm.  », 
iicf  re  libre  :  h.  nem  cclb ;  r,  ii^ih 

Couning  longitudinally  iK-tween  ihem  (Fig.  436,  a,  h\.  The  netvc  celts  are  usually  glolHtlar  in  Am 
with  a  diMinct  capsule  lined  with  epitheliutn,  and  the  cell  sub»tance  itself  contains  a  well^kteM 
nucleus  with  a  nuclear  envelope  and  a  nadeolus.  llie  ca[Mule  of  the  cell  is  nmlinuous  wiA  t^ 
kheaih  of  Schwann  of  a  nerve  fibre.  The  exact  relation  between  the  nerve  5btcs  and  the  nerve flA 
Is  difficult  lo  establish,  but  it  is  probable  that  each  nerve  cell  is  connected  with  00c  ucrvc  bbtci-'^ 
tbey  are  unipolar.  In  ihe  fipinal  ganglia  of  ihc  vcncbnites  above  tishen,  and  also  in  the  Galena 
ganglion,  cells  arc  found  with  a  single  jiroccss  or  Hbre  attached  to  them,  the  nerve  tibrc  pnxc*  ■< 
unlrequenily  coilitiga  few  times  within  the  c^ulc.  This  process,  after  emerging  from  thccqM'Ci 
Iwcomes  coated  with  myelin,  and  usually  !oon  divides  at  a  node  of  Kanvier  (Ktg.  341./)  Knw. 
who  hrst  observed  this  anongement,  describes  it  as  a  T-shaped  fibre.  'Iliese  nerve  celb  «iik  •- 
shaped  fibres  have  l>een  observed  in  the  spinal  ganglia  of  all  vertebrates  above  fishes,  in  the  XiUtt^ 
rian  and  geniculate  ganglia,  as  well  as  in  ibe  jugular  and  ceivical  gai^lia  of  the  vagus.  In  fiibn 
Ihe  nerve  cclU  of  the  spinal  ganglia  are  hipolnr  ( Fig.  368, 4).  TiSar  is  a  rich  plexus  of  capllano 
in  these  ganglia,  and  each  cell  is  sunoimded  by  a  mcshwork  of  capillaiies,  which  nevff  pcadnK 
the  cell  capiules?] 


BELLS   LAW  AND   DEDUCTIONS   THEREFROM, 
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Bell's  Lav?, — Sir  Charles  Bell  disrovered  (t8ir)  that  the  anterior  roots  of 

ihc  spinal  nerve.,  are  motor,  the  posterior  are  sensory. 

Recurrent  Sensibility. — Magendic  discovered  (1822)  the  remarkable  fact  that 
sensory  fibres  arc  aho  present  in  the  anterior  roots,  so  that  their  stimulation  causes 
fiain.  'ITiis  is  due  to  the  fact  that  sensory  fibres  pass  into  the  anterior  root  after  the 
two  roots  have  joined,  and  these  fibres  nm  in  the  anterior  root  in  a  centripetal  direc- 
tion {S^hiff,  CL  fiernani).  The  sensibility  of  the  anterior  root  is  abolished  at 
once  by  section  of  the  posterior  root.  This  condition  is  called  "recurrent  sensi- 
bility "  of  the  anterior  root.  When  the  sensibility  of  the  anterior  root  is  abolished, 
so  is  the  sensibility  of  llie  surface  of  the  spinal  cord  in  the  neighborhood  of  the  root. 
A  long  time  after  section  of  the  anterior,  and  when  the  degeneration  phenomena 
have  had  time  to  develop  (§  325),  a  few  non-degenerated  sensoVy  fibres  are  always 
to  be  found  in  the  central  stump  (Se/i/jf,  Vuipian).  Schiff  found  that,  in  cases 
where  the  motor  fibres  had  undergone  degeneration,  there  were  alwaj-s  non-degene- 
rated fibres  to  be  found  in  the  anterior  root,  which  passed  into  the  membranes  of 
the  spinal  cord.  The  sensory  fibres  pass  into  the  motor  root,  either  at  the  angle 
of  union  of  the  roots,  or  in  the  plexus,  or  in  the  region  of  the  peripheral  termina- 
tions. Sensory  fibres  enter  many  of  the  branches  of  the  motor  cranial  nerves  at 
their  periphery,  and  afterward  run  in  a  centripetal  direction  (p.  650).  Even  into 
the  trunks  of  sensory  nerves,  sensory  branches  of  other  sensory  ner\es  may  enter. 
This  explains  the  remarkable  observation,  that  after  section  of  a  ner\e  trunk  {e.  g., 
the  median),  its  peripheral  terminations  still  retain  their  sensibility  (-4rA^/*^^(jW 
Tripier').  The  tissue  of  the  motor  and  sensory  nerves,  like  most  other  tissues  of 
the  body,  is  provided  with  sensory  ner\'es  (^Nervi  nervorum^  p.  580). 

[h  docs  not  follow  that  section  of  •  p:ripbera]  cutaneous  nerve  will  cause  anxsthesJn  in  the  part 
to  which  it  i.s  di^itributed;  in  fact,  one  of  the  principal  nerve  trunks  of  the  V>rachiiLl  plexus  may  be 
divided  wiihonl  giving  riiic  lo  complete  aiinfsthesia  in  any  part  of  the  area  of  distribulion  of  the  sensory 
bnnchcs  of  the  nerve,  and  even  if  there  be  partial  or  complete  cutaneous  ajixsthe^is,  it  is  much  1<as 
in  etlcnt  than  corresponds  to  the  anatomical  area  of  distrihutlon.  The  nn^psthetlc  area  tends  lo 
become  smaller  in  extent  (A'oij).  'llius,  there  is  not  complete  independence  in  the  distrilnition  of 
these  nerves.  These  results  are  explained  i»y  the  nnn>>loinosii  Inrtwecn  Imuiches  of  nerves,  the 
cxchoi^e  of  fibres  in  the  terminal  networks  wliite  some  sensory  tibres  enter  the  peripheral  parts  of  a 
Dcrve  and  run  ceiitripctally,  perhaps  being  di-slriboled  to  the  skin  and  conferring  recurrent  sensibility 
on  the  peripheral  part  of  the  nerve] 

Relative  Position  of  Motor  and  Senaory  Fibres. — In  embryos  (rabbit)  the  motor  fibres 
stain  more  deeply  with  carmine  than  the  sensory  fibre*,  so  that  their  position  in  the  peripheral  nerves 
of  distnbution  m.iy  thereby  he  made  ouL  Ifi  the  anterior  ifraneh  of  a  Spinal  nerve,  the  sensory 
fibres  lie  in  the  outer  port  of  the  branch,  the  motor  in  the  inner  part;  while  thifi  relalion  i»  reversed 
tn  the  posterior  root  \L.  Lthve). 

Deduction  from  Bell's  Law. — Careful  observations  of  the  effects  of  section 
of  the  roots  of  the  spinal  nerves  {^Magendie.  1822),  as  well  as  the  discovery  of  the 
reflex  relation  of  the  stimulation  of  the  sensory  roots  to  the  anterior,  constituting 
reflex  xnowcmcnt&  {Afarshali  Haii,  Johannes  Miilier^  1832).  enables  us  to  deduce 
the  following  conclusions  from  Bell's  law:  i.  At  the  moment  of  section  of  the 
anterior  root,  there  is  a  eoniraciwn  in  the  muscles  supplied  by  this  root.  2.  There 
is  at  the  same  time  a  sensation  of  pain  due  to  the  '*  recurrent  sensibility."  3.  After 
the  section,  the  corresponding  muscles  are  paralyzed.  4.  Stimulation  of  the  peri- 
pheral tnmk  of  the  anterior  root  (immediately  after  the  operation)  causes  (ontraetion 
of  the  muscles,  and  eventually  jiain,  owing  to  the  recurrent  sensibility.  5.  Stimu- 
lation of  the  central  end  is  without  effect.  6.  The  sensibility  of  the  paralyzed  parts 
is  retained  completely.  7.  At  the  moment  of  section  of  the  posterior  root,  there 
is  severe /(7/rt.  8.  At  the  same  time  movements  are  discharged  reflexly.  9.  After 
the  section,  all  jxirts  supplied  by  the  divided  roots  are  devoid  of  sensibility.  10. 
Stimulation  of  the  peripheral  trunk  of  the  divided  ner^'e  is  without  cfTecl.  11. 
Stimulation  of  the  central  end  causes /a/"«  and  r^^^-jr  movements.  12.  'ITie  central 
end  ultimately  degenerates.  13.  Movement  is  retained  completely  in  the  i>aralyzed 
parts, /.^.,  in  the  extremities. 
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The  ultimate  effect,  known  as  Wallerian  degeneration,  which  follows  section 
of  the  nerve  or  its  roots,  Ls  referred  to  in  §  325.  Recently,  Joseph  has  slightly 
modified  the  statements  of  Waller  on  the  degeneration  in  the  posterior  roots. 
According  to  him,  the  spinal  ganglion  is  the  nutritive  centre  for  by  far  the  largest 
number  of  ihe  fibres  of  this  root;  but  individual  fibres  traverse  the  ganglion  with- 
out forming  connections  with  its  cells,  so  that  the  nutritive  or  trophic  centre  for 
this  small  number  of  nerve  fibres  is  in  the  spinal  cord. 

Incodrdinated  Movements  of  Insensible  Limbs. — After  sedioD  of  the  posterior  roots,  e.g., 
of  tlip  nerves  for  the  posterior  exU-emities,  tbe  muscles  retain  their  movements;  Devertbelau  ihoe  ue 
cliaracterlstic  dUturlinnces  of  their  motor  power.  This  is 
cxprc'iKd  in  the  awkward  manner  in  which  the  sntmal 
executes  \\a  ntovcmcntT— it  has  lo&t  lo  a  large  cxlmit  iIr 
hannony  Hnd  elt^nce  of  motion.  This  is  due  to  tlie  fact 
that,  owing  to  the  aliuncc  of  the  >en!>ibility  of  the  niUKles 
and  »kin,  the  nnimal  is  no  longer  conscious  of  the  rcMstance 
which  IS  oppoMd  to  iis  movements.  Hence,  the  degree  of 
mu->cu1nr  energy  ncccs<uiry  for  any  particular  effort  caiinol 
be  occurately  graduateil.  Animals  which  h&ve  lost  the 
aensibiUty  of  ihcir  extremities  of)en  allow  iheir  limiw  to  lie 
in  sbnormal  pofitions.  such  as  a  healthy  nnimnl  would  tut 
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DHtribution  of  ihc  ctiiancuut  ncrvn  of  the  Arrn.  A,  Donol  ftiirfucc 
— r  M'. «(ipr;)-cUvicuLai;  fdr, axillary :  ji/j.nuperior  posterior 
cutanenut :  y  cmii,  median  ciiuncoiu  ;  t  c/»,  interior  ptwteriar 
cuUuieuuo  ;  b  cm,  mcilbiii  ttitiincouK :  j  c/.  ulcral  cuuncuui; 
JH.uUutr:  ^rn, radial;  /om/, median.  B,  volar  lui^iee — ttf, 
supra-diivi<;uUr:  i  «.r,  uxittary;  J  emd,  iiitcrnkl  culaiioniK: 
4  el,  laUral  cuuneotu  fjF  cm,  culaucout  m«dlus ;  ti  me,  medkan : 
7  w,  ulnar. 
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Di^lrllKtliun  of  the  cul;ineou*  nertr«  of  th«  !«( 
(after //tm/' I.  A,  Anterior sur&oe — t,ci\inl 
nerve:  3, exlcmal  Uieral  cutaneous:  }.()•»• 
iniEuinal  :  4.  iiimbo-in);vtindl:  ;,  esURial 
apcrtiiBtk;  6,  iK)sceru>r  cuiancixu;  7,  obtu- 
ralor  :  9  giem  laplictidiu;  9,caniiniintcaiiinc 
peroneal ;  la,  (tiperficial  peroneal :  11.  deep 
[leronc.it,  ta.conintiinicxilnctibiaL  B,  Pov 
Urior  surface— I,  po«ierior  culaneoiM:  i, 
cxtemoj  fcjnor&l  culaiieotu;  j,  ublMrBlor, 
4,  meilian  pCMierlur  [cu>or.tI  uiljii>cnu»;  j. 
oonimunicating  peroiieAl;  6,  ttrcat  ia{>he- 
nous;  7,  cominuiiiciting  libinl.-  8,  pUnUr 
cutaiveous;  9,  median  pUtiUtf ;  i»,  lateral 
plantar. 


lolermte.     In  man  also,  when  the  peripheral  ends  of  the  ctitoneous  nerves  ore  degenerated,  there  are 
ataxic  phenomena  (\  364,  3). 
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Increased  Excitability. — Horless  (185S),  Ltidwig,  and  Cyan  (ccmtraverted  by  v.  Hezold, 
Uipcnsky,  Grilnhagen,  and  G.  Heidenliain)  olMcrved  ihnl  the  anterior  root  is  more  cTcCttalilc  as  long 
■5  the  piMterior  roots  rcinatii  intact  and  arc  &vn<tiiive,  nnd  thai  their  cxcLtahiliry  is  diminishefl  as  won 
u  the  poitcrior  roots  are  dividcil.  In  (irdcr  to  t^xplain  tlvis  phenomcuon,  wc  must  a&suuic  that,  in  llic 
inlaci  body,  a  series  of  gentle  impulses  (impressions  of  touch,  lempentture,  position  of  limits,  etc.)  are 
continuously  streaming  through  the  posterior  Toot«  lo  the  .spinal  cord,  where  the)-  ajv  transferred  to 
ihc  motor  roots  so  that  a  less  "stimnhw  k  rcfpiircd  to  excite  the  anterior  roots  than  when  ihac  reflex 
impales  of  the  posterior  root,  wliich  increase  the  excitability,  arc  alMtCiit.  Clearly,  a  Ic-s  Mimnlus 
will  be  reiuired  to  excite  a  ner^'c  already  in  a  gentle  stale  oi  excitement  ihxn  in  Ihc  C3*l*  cf  n  fibre 
which  is  not  so  excited.  In  the  former  case,  the  discharging  stimulus  becomes,  as  it  were,  superposed 
on  the  excitement  already  presenL     (^Compare  {  36a,) 

The  anterior  roots  of  the  spinal  ner\es  supply  efferent  fibres  to — 

1.  All  the  voluntary  muscles  of  the  trunk  and  extremities. 

F.very  muscle  always  receives  il-i  motur  filtra  from  trvtrai  interior  roots  (not  from  a  single  nerve 
root).  Hence.  ev<ry  root  supplies  branches  to  a  panicular  group  of  muscles  yf'reyfr,  /*.  Bert,  Gad). 
The  experimenis  of  Ferricr  and  Veo  show  that  stimulation  of  each  of  the  anterior  routs  in  apes 
fbmcbial  and  lumlxtsacral  plexuses')  caused  a  complex  coi^rdinated  mnvcmrnt,  Section  of  one  root 
did  not  cause  complete  paralysis  cf  the  muscles  concerned  in  these  cui\rflinale(l  movements,  although 
the  force  of  the  moTcment  was  impaired.  These  experiments  confirm  the  resultii  of  clinical  obacrv-ation 
on  man.  The  fibres  for  groups  of  muscles  of  different  function*  \f.g.,  for  flexors,  extensors)  arise 
from  special  limited  areas  of  ihe  spinal  cord.  The  cervical  and  lumbar  enlargements  of  the  spinal 
cord  are  great  centres  for  highly  courdinaicd  muscular  movements. 

2.  The  anterior  roots  also  supply  motor  fibres  for  a  number  of  organs  provided 
with  smooth  muscular  fibres,  f.g-t  the  bladder  (§  280),  ureter,  ulenis.  [These  are 
the  visrero-motor  ner\'es  of  Oaskell,  and  from  them  come  also  viscero-inhibitory 
nerves.] 

3.  Motor  fibres  for  the  smooth  muscular  fibres  of  the  dlooti  vessels,  the  vaso' 
motor,  vaso-constrictor,  or  vaso-hypcr tonic  ncnes  [also  accelerator  or  aug- 
mentor  nerves  of  the  heart].     They  run  in  the  sympathetic  for  a  part  of  their  couree 

(§371)- 

4.  Inhibitory  fibres  for  the  blood  vessels.  These  are  but  imperfectly  known. 
"I'hcy  arc  also  called  vaso-dilator  or  vaso-hyjx*lonic  nerves  (§  372).  [Also 
inhibitory  nerves  for  the  heart,  which  leave  the  spinal  axis  in  the  vagus.] 

5.  Secretory  fibres  for  the  sweat  glands  of  the  skin  (§  289).  For  a  part  of 
their  course  Ihey  run  in  the  sympathetic. 

6.  Trophic  fibres  of  the  tissues  {%  342,  I,  c). 

The  posterior  roots  contain  all  the  sensory  nerves  of  the  whole  of  the  skin 
and  the  internal  tissues,  except  the  front  part  of  the  head,  face,  and  the  internal 
|)art  of  the  head.  They  also  contain  the  tactile  nerves  for  the  areas  of  the  skin 
already  mentioned.  Stimuli  which  discharge  reflex  movements  arc  conducted  lo 
the  spinal  cord  through  the  posterior  roots.  The  sensory  fibres  of  a  mixed  nene 
trunk  supply  the  cutaneous  area,  which  is  moved  by  those  mii=rles  (or  which  covers 
those  muscles)  to  which  the  same  branch  supplies  the  motor  fibres.  The  special 
distribution  of  the  motor  and  sensory  nerves  of  the  body  belongs  to  anatomy  (Figs. 

429.  430.  437.  438)- 

[Physiology  of  the  Limb  Plexuses. — The  idea  that  the  nerve  strands  become  rennongcd  in 
ihe  limb  plcxusc*  so  as  to  connect  nerves  derived  from  different  parL^  of  the  spinal  cord  with  particular 
groups  of  muscles,  in  order  to  allow  of  "  coOrdlnaiion  of  muscular  action,"  does  not  seem  to  be  borne 
out  by  more  extended  observition.  Herringhim  ha.*  shown  by  dissection  (and  the  same  is  seen  in 
cases  of  paralysis  of  motion  and  sensation )  that  a  given  muscle  or  part  of  a  muscle,  and  a  given  spot 
of  akin,  arc  supplied  \r]  particular  t)ranchc:>  of  individual  spinal  nerves  proccctling  directly  from  the 
spinal  cord.  The  reason  that  the  picxusesexist  ).s  apparently, not  a  phy-titological  one.  Coi>rdination 
cannot  be  effected  in  the  plcxu*,  where  the  axis  cylinders  of  the  nerves  do  not  divide;  but  only  in  the 
spinal  cord  and  central  nervous  sjrsicm,  and  Ihnmgh  the  intervenlinn  of  nerve  cells.  The  cuistence 
of  the  plexuses  is  due  lo  the  fact  that  embryologically  the  limb  con^iists  of  a  flaUened  lap|>ei,  or  bud. 
derived  from  certain  somites,  but  at  ^rai  presenting  no  signs  of  segmentation,  with  a  prc-axial  and  a 
post.nxial  border,  and  outer  (dorsal)  and  inner  (ventral)  surfaces  of  slcin,  co-Jerin;*  a  double  layer  of 
moscle  on  each  surface.  The  dorsnl  and  venlral  branches  of  ihc  nerves  supply  these  respective 
surfaces;  and  after  the  nerves  have  grown  out,  the  simple  mu^ular  strata  t>ecome  split  up  into 
individual  rotudes,  which  contain  elements  derived  from  one  or  more  segments  represented  in  the 
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primitive  limb.  Kach  nrnre  is  Mgtnenlal,  and,  thererore,  supplies  a  muscle  derived,  Ibr  exampte,  froai 
the  elctncnu  of  two  scguientb;  the  nerve  or  distribudoD  mu$t*cont&in  correspondine  puts  of  iwo 
sej^niuntal  ncr\'C9.     The  pIcxuMis  ap|)eBr,  therefore,  from  an  embr^'ologica!  causc,  and  have  no  direct 

physiological  siffnificance  (W.  J/.  J'afmon).] 

356.  THE  SYMPATHETIC  NERVE.— [Anatomical.— The  sj-mpothetic  nervoos  syuero 
contains  a  large  iuiinl>rr  of  non-iiunlunatt-d  or  Kcmak's  tibrcs,  and  conMEts  of  a  scries  of  gajiglu 
lying  on  each  side  of  the  vcrtcbrfll  column  and  conn^ied  with  each  other  by  inter-ganjjlionic  fibns. 
The  typical  distribution  obtains  in  the  thumcic  region,  where  the  lateral  or  vertebral  (ganglia  lie  dote 
on  the  vencbrdc.  In  frcmt  of  this  is  a  second  series  of  gnnt^lta,  which  do  not  form  a  doul>lr  line,  hat 
ore  connected  with  the  former  and  with  each  other.  They  are  the  prevenebral  or  collateral  ganpUa, 
e.g-t  semilunar,  inferior  mesenteric,  etc.,  llic  nerves  connecting  them  with  the  (urmer  InHng  callrtl 
rami  efTeretites.  From  these,  fibres  proceed  to  connect  them  with  g«nglia  lying  in  or  about  ttssoes  or 
oigans — the  icrtntnal  ganjilla  (  GasM/).] 

[  R.ich  <ipinnt  ncr^'e  in  (hi-t  re{;ion  Lt  connected  with  its  correnponcling  sympathetic  ganglion  by  the 
ramus  communicans,  which  is  formed  by  6hres  both  from  the  anterior  and  posterior  roots  of  • 
iipinal  nerve.  It  corrcs{x>nds  to  the  visceral  nerve  of  the  morpholo^i^t,  and  h  compo.scd  of  two  parts 
--a  white  and  n  gray  ramua.  The  white  ramus  is  compo^ed  ei^tirely  of  medullated  fibres,  and 
Coming  from  the  anterior  and  posterior  Ttiats  of  a  spinut  nerve,  [kis.»cs  into  the  laieml  and  collateral 
ganglia.  These  white  rami  occur  in  the  dog  only  from  the  2d  thoracic  to  the  2d  Inmbar  nerve  I  Rg. 
4J9).  A)>ove  and  below  this,  the  rami  arc  all  gray  ami  composctl  of  non- medullated  nerve  fitces 
{CasM/).] 

[In  roan,  the  four  upper  rami  communicantes  from  the  four  ut^er  cervical  ner^-a  all  )oin  the 
superior  cer\ical  ganglion  (Mg.  428,  G  fi,  s),  the  5lh  and  6lh  join  Inc  middle  cervical,  the  7lh  and 
Sth  the  inferior  cervical  ganglion.  'Hic  lowest  pair  of  ganglia  arc  generally  united  by  a  loop  on  the 
front  of  the  first  coccygeal  vcttcbra,  and  they  lie  in  relation  with  the  coccygeal  ganglion.1 

[Cephalic  Portion. — As  the  symjiathetic  ascends  to  the  head  it  forms  connections  with  many  of 
the  cranial  nerves,  and  there  is  a  free  exchange  of  Bbrcs  between  these  nerves.  (The  fundioa  and 
significance  of  these  etchange^  are  referred  to  under  the  physiolog>-  of  the  cranial  nerves.)] 

[Dorsal  and  Abdominal  Portion. — Numerous  fibres  pass  into  these  parts  chiefly  to  the  lAoradc 
and  .ihiiominal  ,-<Jvitif:.,  where  \.yif'j  form  large  ganglialcd  plexuses,  from  which  functionally  different 
fibres  proceed  to  the  dillcreiit  organs.] 

[In  the  dog,  the  2d,  Vl.  +*h,  and  5th  thoracic  pass  upward  into  the  cervical  sj'mpathctic.  thc^e 
in  the  dorsal  region  being  directed  downward  from  the  lateral  ganglia  to  form  the  splonchnics 
(Fig.  439).  The  gray  non-ntedullaled  nerve  fibres  of  each  gray  ramus  ate  connected  with  the  cells 
of  it&  ganglion  (lateral):  the  fibrej  do  not  go  heyont)  the  ganglion. but  really  nm  />•  the  corresi^onding 
spinal  nerve  to  ramify  in  the  sheaths  of  the  nerves,  the  connective  tissue  ou  the  vertebnK  and  the  dun 
mater,  luid  ]>crhap!t  the  other  ypinal  mcmbrancA;  »o  tlint,  accordiikg  to  (io'tkcll,  no  non-mrdullaled 
nerves  lenvc  the  central  nervous  system  by  the  spinal  nerve  roots.  Thus,  the  white  rami  commuoi' 
conies  alone  constitute  llx*  ttiiiii  viscerales  of  the  morphologLsl,  and  all  the  vt<tceral  iicrtes  pa&^ing  out 
from  the  cenlml  ner^-ous  ivMcm  into  the  sympathetic  system  pass  out  by  them  nione.  All  the  nerx-es 
in  ihc  while  ramus  arc  of  small  calibre  ( 1.8  ^  to  2.7  (f\  and  mcdullAicd,  while  the  true  motor  filirc* 
are  much  larger  (i4.4;ito  I9  (j).  llie  small,  while  tibre'^  can  be  traced  upward  nsi  medullotnl 
fibres  into  the  superior  cervical  ganglion,  and  in  the  ihorox  over  the  lateral  gangUa  to  fomi  the 
splanchnics  into  the  co'lateral  gan)<lia,  tieyond  which  the)'  ceoiic  to  be  mcduUatcd.  By  Ihc  2d  and 
3d  sacral  nen'cs  some  fibres  of  smaller  calibre  issue  to  fiirm  the  nervi  erigentes.  which  pass  over 
and  do  nut  comnianicale  wilh  the  lateral  ganglia,  but  enter  the  hy|K>ga>lric  p1e\u>,  whence  they  »enU 
liranches  upward  lo  the  inferior  meHrnicric  plexus  and  duwnword  to  the  bladder,  rectum,  and  genera- 
live  orgaJLs.     (^a&kcll  pmposet  to  call  them  the  pelvic  splanchnic  oencs  (Fig  439't.] 

[In  the  cervical  region,  there  is  no  white  ramus,  niwl  the  nene  rooL*  contain  no  nerve  fibres  of 
small  calibre.  But  in  this  region  rises  the  spinal  accessory  nerve,  between  the  animor  and 
]mstcrior  roots.  It  contains  small  and  large  nerve  fibres;  the  furmcr  pa^s  into  the  internal  divUun 
of  this  nerve  and  join  the  ganglion  of  the  trunk  of  the  vagus,  while  the  large  motor  fibres  form  its 
eHtemal  branch  and  su|>{)ly  the  stc mo- mastoid  and  IrJipexius  muscles.] 

[All  the  vasomotor  nerves  nri^  in  the  central  nervous  system,  and  they  leave  the  spinal  cord 
as  the  finest  nicdullnted  filires  in  the  anterior  rooLs  of  nil  ibe  ^|.linal  nerves  between  the  Jd  iboracic 
and  2d  lumtiar  (dog)  "along  the  corresponding  nimu.s  visceralis, enter  the  lateral  or  main  sympathetic 
chain  of  ganglia,  where  they  become  non-medullated,  and  are  thence  dbtnbnted  either  directly  cr 
after  communication  wiih  oilier  ganglia  "  (  GaskeU)!^ 

[ Tlie  vaso-dilator  nerves  leave  the  central  nervous  system  among  the  fine  ii»erlullate<l  fil-ref, 
which  help  to  form  the  cervico-cranial  and  sacral  rami  vU>cerales.  and  po&s  without  altering  tlteir 
character  into  the  dis'nl  ganglia  {Gaiktirs.'\ 

[*•  'ITie  viscero  motor  nerves  upon  M-hich  ihe  peristaltic  contraaion  of  the  thoracic  poftioo  of  the 
r<4rsaphagus  4li>mach,  and  intestine*  depends,  leave  the  central  nervous  sj-vtem  in  ihe  omRow  of  fine 
~    edullated  nm'es  which  occurs  in  the  upper  piui  of  the  cervical  region,  and  pass  by  way  of  ibe 

mi  vi!>ceralcs  of  the  acccvsocy  and  vagus  nerves  to  the  ganglion  irunci  vagi,  where  thev  beoocnr 
Doo-mednllated  "  {Gmk«il).'\ 
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[**The  inhibitory  nerves  of  the  circtiliir  muiclcs  nr  the  alimentnry  canal  uid  its  appendBges 
tea«e  the  central  nervous  system  in>Uie  anterior  root»,  nnd  pass  out  among  the  fine  mcdulUtcd  flbrcs 
of  the  mmi  visccrales  into  the  distal  f^anglin  without  cummunicaiion  with  the  proximal  ganglia" 

{Gaike//).] 


[Structure  of  a  Ganglion. — The  structure 
of  the  sytupalhclic  iictvt-  tihrcb  and  nerve  cells 
bos  ilready  been  de-crlLfcd  in  jj  J2i.  On  mak- 
ing a  section  of  a  sympathetic  ganglion, 
/./■.,  the  human  superior  cervical,  wc  observe 
grotips  of  cells  with  bundles  of  nene  fibres 
—chiefly  Don-racdullatcd — running  between 
them,  and  the  whole  sorrDundcd  by  a  laminnted 
cmp«ulc  uf  connective  ilssue,  which  sends  septa 
into  the  ganglion.  The  nerve  cells  have 
many  processes,  and  are,  therefore,  multipolar, 
and  each  cell  is  surrounded  by  a  capsule  with 
nuclei  on  its  inner  surface  ( Fig.  36J^,  11).  The 
proce&ivs  pierce  the  capsule,  and  one  of  them 
certainly — and  perhnps  till  the  processes — aie 
connected  with  a  nerve  fibre.  Konvier  states 
that  each  cell  has  a  librilUlcd  tmiiTr  jxirtiou  and 
a  itwre  granular  inner  part.  Kach  of  the  pro- 
oes«es  becomes  continunu-t  with  a  fibre  of  Ke- 
mak.  Not  unfre<|uenily  yellowish  brown  pig- 
ment b  fuund  in  the  cell  substance.  .Similar 
celU  have  Ixen  fuund  in  the  ophthalmic,  sub- 
maxiUary,  otic,  and  sf^henopalitine  gnnglia. 
The  number  of  medullalcd  nerve  filires  dimin- 
bbes  as  the  sympathetic  nerves  arc  traced 
loward  their  distribution.  Konvier  stales  that 
it  is  possible  in  the  rabbit  to  trace  the  conversion 
of  a  medullaled  fibre  into  a  branched  Khre  of 
Remak.  Tlic  blood  vessels  of  the  tyinpa- 
ibctic  ganglia  in  mammals  arc  t>cci.iliiir.  'J  he 
anericH  are  small,  and  af^cr  &ubilivi>ic.iii  furni 
a  capillary  network,  each  mesh  of  which  en> 
closer  »«vcral  ganglionic  cells.  The  veins,  on 
the  contrary,  are  Tcry  large,  tortuous,  voricoie, 
and  often  terminate  in  culs  dc-sac,  into  which 
se?cral  capillaiies  open.  The  arrangcnitni  of 
the  reins  is  spoken  of  as  the  venous  sinuses 
of  these  ganglia,  being  compared  by  Ksnvier 
to  the  sinuses  of  the  dura  m»ler  and  venous 
plexuses  of  the  spinal  canal.] 
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Functions.  —  The  following  is 
merely  a.  ^fneral  :^tiiiit«ary  : — 

I.  Independent  Functions  of 
the  sympaiheiic  are  those  of  certain 
nerve  plexuses  which  remain  after  all 
the  ncnous  conntxtions  with  the 
cerebro-spinal  !>ranchcs  have  heen  di- 
vided. The  activities  of  these  plexuses 
may  be  influenced — either  in  the  direc- 
lion  of  inhibition  or  stimulation  — 
through  fibres  reaching  them  from  t!u- 
cerebro-spinal  nerves. 

To  these  belong : — 

1.  The  automatic  ganglia  of  the  heart  (§  58). 

2.  The  mesenteric  plexus  of  the  intestine  (§  161). 

3.  The  plexusea  of  the  uterus.  Fallopian  tubes,  ureters  (also  of  the  blood  and 
lymph  vessels). 

II.  Dependent  Functions. — Fibres  nin  in  the  sympathetic,  which  (like  the 
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jjeriphcral  nerves)  are  active  only  when  llieir  connection  with  the  ccotnl  nervous 
system  is  mainiained,  e.g.,  the  sensory  fibres  of  the  splancJinic.     Others  again  (^^'Q'^H 
vcy  impulses  from  the  central  nervous  system  to  the  gang/ia,  while  the  ganglia  ifl^| 
turn  inudify  ihe  impulses  which  inhibit  or  excite  the  movements  of  the  correspond- 
ing organs. 

The  following  statement  is  a  rlsiimf  of  the  functions  of  the  sympstbetic.  According  to  ihe  ■naton 
c«l  arrangement : — 

A,  Cervical  Part  of  the  Sympathetic,     i.  Pupil-dilating  fibres  iron 
pare  Ciliary  ganglion^  §  347,  I.  and  Iris^  §  393J.     According  to  Budge,  these  filn< 
arise  from  the  spiiul  cord,  and  run  through  the  upper  two  dorsal  and  lowest  it 
cervical  nerves  into  the  cenical  s\iTipatheiic,  which  conveys  them  to  the  he 
Section  of  the  cer\'ical  sympathetic  or  its  rami  communicantes  causes  contractic 
of  the  pupil.     (The  central  origin  of  these  fibres  is  referred  to  in  §  36J,  1,  and ! 

367*  8-) 

2.  Motor  fibres  for  Mailer's  smooth  mtiscle  of  the  orbit,  and  partfy  for  tli 
external  rectus  muscle  (%,  348). 

3.  Vasomotor  branches  for  the  outer  ear  and  the  side  of  the  face  (C/.  Brrnard^ 
tymfianuiii  {Prussak)^  conjunctiva,  iris,  choroid,  retina  {only  in  part — see  Ci/iar 
ganglion,  §  347,  I),  for  the  vessels  of  the  cesophagus,  larynx,  thyroid  gland — fibres 
for  the  vessels  of  the  brain  and  its  membranes  (^Donders  and  Callen/eis). 

4.  In  the  cervical  portion  are  afferent  fibres  which  excite  the  vasomotor  centre 
in  the  medulla  (Aubert). 

5.  Secretory  (trophic)  and  vasomotor  fibres  for  the  salivary  glands  (|  145) 

6.  Swre at- secretory  fibres  (sec  §  288,  II). 

7.  According  to  Wolfer/.  and  Dcmtschenko  the  lachrymal  glands  receive  symp 
thetic  secretory  fibres  (?). 

B.  Thoracic  and  Abdominal  Sympathetic. — First  of  all  there  i»- 
I.  The  .sympathetic  portion  of  the  cardiac  plexus  (§  57,  a),  which  receiit 

accelerating  or  augmentor  fibres  for  the  heart  from  the  lower  cervical  arid  idl 
thoracic  ganglion  {CL  Bernard,  v.  Bezold,  Cyan,  Sehmiedeberg).  The  fibres  antf] 
|)artly  from  the  sympathetic  and  partly  from  the  plexus  around  the  vertebral  arterj"! 
(s/.  Bezold,  Bever).     (Compare  ^  370.) 

3.   For  the  vasomotor  fibres  passing  through  the  sympathetic  to  the  cxtremit 
skin  of  the  trunk,  and  lungs  (see  §  371).      For  vaso-dilators  (§  472). 

3.  'Hie  cervical  sympathetic  and  the  splanchnic  contain  fibres  which,  when  ihcil' 
central  ends  are  stimulated,  excite  the  cardio-inhibitory  system  in  the  mediilU 
oblongata  {Bernstein). 

4.  The  functions  of  the  splanchnic  arc  referred  to  in  5§  164,  175,  376.and37t 

5.  The  functions  of  the  coeliac  and  mesenteric  plexuses  are  referred  to  in 
§§  183  and  192.  After  extirpation  of  the  cceliac  ganglion,  I^mansky  observed 
temporary  disturbance  of  digestion,  undigested  food  being  passed  per  anam. 

6.  For  the  secretory  fibres  for  sweating,  see  §  289,  II. 

7.  Lastly,  the  abdominal  portion  of  the  sympathetic  contains  motor  and  vasa 
motor  fibres  for  the  spleen^  the  large  intestine  (accompanying  its  arteries),  bladdex 
(§  280),  ureters^  uterus  (running  in  the  hypogastric  plexus),  vas  deferens,  and  ve 
cuta?  seminales.  Stimulation  of  all  of  these  nerve  channels  causes  increased  move 
raent  of  the  organs,  but  it  must  be  remembered  that  the  diminished  supply  of  blood'' 
thereby  produced  also  acts  as  a  stimulus  (§  161).  Section  of  these  nerves  is  fol* 
lowed  by  dilatation  of  the  blood  vessels,  with  subsequent  derangement  of  the 
circulation,  and  ultimately  of  the  nutrition.  The  relation  of  the  suprarenal 
bodies  to  the  sympathetic  is  referred  to  in  §  103.  IV.  The  renal  plexus  is 
referred  to  in  §  276,  while  the  cavernous  plexus  is  treated  of  in  §  436. 

Pathological. — Cooudering  the  numerous  connections  of  the  fympalbelic,  wc  would  natsnll7 
suppose  that  it  o^crs  an  cxtennve  area  for  pathological  changes.    AnectionA  involving  the  . 
motor  syitcm  are  referred  to  in  }  371. 
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The  cervical  sympathetic  is  most  frequently  paralyzed  or  stimulated  by  traumatic  conditions, 
by  ballets  or  kniv<rs,  tumors,  enlirged  lymph  glands,  itneurisms.  jiiflammaiinn»  of  the  apices 
longs  and  the  adjacctii  pleurx,  white  exostoses  of  Ibe  vcrtebr.c  may  stimulate  it  in  p&rt  or 
it  in  part.  The  pht:noinciiii  so  produced  have  been  partly  analyzed  in  treating  of  ilie  ciliary 
(I  347t  H-  Stimulation  of  the  cervical  synnpatbetic  in  man  causes  ddntaiion  of  the 
(tnydriasis  spastica),  jmllor  of  ihe  face,  and  occaMonally  hyjieridrosiK  or  profuse  swealing 
^'4  2S9,  2,  and  Jl  2S.S) ;  dlsJurbonce  of  vision  for  nc-ir  object*,  as  the  pupil  cannot  be  conlrnclcd  (see 
AicowmcHieilicn],  atid  hence  llic  bphcrical  aberration  of  the  lens  {\  J9I)  must  also  interfere  with 
vi&ion;  protrusion  of  the  cychall  witii  widening  of  the  palpclmil  fissure.  Paralysis  or  section  of 
Ihe  cervical  sympathetic  causes  increased  fullness  of  the  blood  vessels  of  the  side  of  the  head, 
~th  occasional  anidmst<i;  contraction  of  the  pupil  (myoais  paralyticaK  which  undergocR  changes 
b  its  diamctt.T  during  accommodaiioii,  but  not  a*  the  eflccl  of  the  stimulation  of  light — atropin 
dilates  it  slightly.  The  slit  between  the  eyclitls  i»  narrowed,  the  eyeball  retracted  and  sunk  in  the 
orbit,  the  cornea  somewhat  flattened,  and  the  consistence  of  the  eyeball  diminished.  Stimulation  of 
the  sympathetic  is  followed  by  an  increased  secreticn  of  saliva  (J  I45).  The  above-descriljcd  s)Tnp- 
toms  have  been  occasionally  accompanied  by  unilateral  atrophy  of  the  face. 

[Section  of  the  Cervical  Sympathetic. — This  experiment  is  easily  done  on 
rabbit,  preferably  an  albino  one.  Divide  the  nerve  in  the  neck,  and  immediately 
thereafter  (i)  the  ear  and  adjoining  parts  on  that  side  become  greatly  congested 
With  blood,  blood  vessels  ap|>car  thai  were  formerly  not  visible,  and  as  a  result  of 
the  increased  quantity  of  blood  in  the  ear  (hyperaemia),  there  is  (2)  a  rise  of  the 
lem|>eranire  amounting  to  even  4**  to  6*  C.  { CL  Bernard).  These  are  the  vaso- 
piotar  changes.  (3)  The  pupil  is  contracted,  the  cornea  flattened,  and  there  is 
>etraction  of  the  eyeball  and  consequent  narrowing  of  the  palpebral  fissure.  These 
are  the  f(rtf/i!?-/tf//^ar)' symptoms.  Stimulation  (electrical)  of  the  pcri])heral  end 
produces  the  opposite  results, — pallor  of  the  ears,  owing  to  contraction  of  the  blood 
Ve^iscls,  with  consequent  fall  of  the  temperature;  dilatation  of  the  pupil,  bulging 
of  the  cornea,  protrusion  of  the  eyeball  (exophthalmos),  and  widening  of  the 
palpebral  fissure.  At  the  same  time,  the  blood  vessels  to  the  salivary  glands  are 
Icontracted,  and  there  is  a  secretion  of  thick  saliva.  The  last  results  are  due  to 
the  vaso'Constrictor  ami  secretory  fibres.  The  vasomotor  and  oculo-pupillary 
fibres,  although  they  lie  in  the  same  trunk  in  the  neck,  do  not  issue  from  the  cord 
by  the  same  nerve  roots  ;  the  latter  come  out  of  the  cord  with  the  anterior  roots 
of  the  1st  and  2d  dorsal  nerves  (dog),  while  section  of  the  cord  between  the  2d 
and  4lh  dorsal  vertebrae  produces  the  vasomotor  changes  only.  The  nasal  mtjcous 
membrane  and  lachrymal  gland  are  influenced  by  the  sympathetic] 

[Division  of  the  cervical  sympathetic  in  young,  gnruiittg  animals  results  in  hypertrophy  of  the 
^t  and  incTc."iv.'d  growth  of  the  hair  on  ih-^t  side  [Bttidfr,   W.  S/ir/in^).! 

[The  vago-sympathetic  nerve  (dog)  in  the  neck  contains  vaso-dilator  Abres  (really  in  the 
^mpaihetic)  for  the  slcin  and  mucous  membranes  of  that  side  of  the  head.  Weak  stimulation  of  the 
Central  end  of  the  sympathetic  causes  dilataJinn  of  the  blood  vessels  of  these  parts.  The  vaso-dilator 
filtres  of  the  superior  maxillar)'  nerve  probably  come  from  the  some  source.  The  cenUe  for  these 
Serves  is  in  the  dorsal  region  of  the  cord  between  the  1  st  and  5th  dorsal  vertebnc,  where  the  fibres 
■|Mk  out  with  the  rami  commimicaute*  to  enter  the  cervical  sympiuheiic  {lins/m  nttj  Aforut).  The 
^HBSiilalor  (ibret  occur  in  the  jxistcnur  segment  of  the  ring  of  Vieu^^ens,  an<l  when  they  ore  slimu- 
PHTafter  section  of  the  7th  cranial  nerve,  there  is  a  "  pseu do  motor  "  effect  on  the  muscles  of  the 
jCheck  and  Up  (J  349)-] 

Irritation  in  the  area  of  the  splanchnic,  as  occurs  occasionally  in  lead  poisoning,  is  characteriied 
by  violent  pain  (lead  colic),  inhibition  of  the  intestinal  movements  (hence  the  pcr^ibtenl  constipation), 
slowing  of  the  heart's  action,  hrought  about  redexty,  just  as  in  Goltz's  "lapping"  experiment 
ii({  3^)-  Irritation  in  the  area  of  the  sensory  nerves  of  the  sympathetic  may  give  rise  to  that  con< 
^tioa  which  is  called  by  Romberg  neuralgia  hypogastrica,  a  painful  affection  of  the  lower  alKlominal 
snd  sacral  regions,  hysitrralgia,  neuralgia  testis,  which  are  localized  in  the  plexuses  of  the  sympathetic. 
In  affection>  uf  the  ah.famirttit  tj/mpa/Ae/ic,  there  may  be  severe  constipation,  with  diminished  or 
increased  secretion  of  the  intestinal  glands  i\  1S6). 

357.  COMPARATIVE— HISTORICAL.— Comparative— Some  of  Ihe  cranial  nerves 
toay  be  al«ent,  others,  again,  may  be  al'ortivc,  or  txist  as  branches  of  other  nerves.  The  facial 
nerve,  wliich  •supplies  the  muftclea  of  expression  in  man,  and  Is,  at  the  same  time,  the  nerve  for  facial 
Tcspirator)-  movements,  diminishes  more  and  more  in  the  lower  classes  of  the  venebrala,/dri/0jjtf 
Vith  the  diminution  of  the  facial  muscle.     In  birds  and  reptiles,  it  supplies  the  muscles  of  the 
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hfoid  bone,  or  the  Miperficial  cervical  muscles  of  the  nape  of  the  neck,  tn  Amphibian*  tfrr^M 
facial  no  longer  exiHt&  lut  a  separate  nerve,  the  nerve  which  corre-nponds  to  it  K[>rinL' 
ingeminui.  In  flsbes,  the  5th  and  jib  nerves  forro  a  joint  complex  nerve.  'I*he  part  ■ 
to  the  facial  (aUo  called  ramus  upercularis  Lriyeuiini)  is  the  chief  motor  nerve  of  the  moscio  oi 
gill  cover,  and  is.  therefore,  ihe  re^piraion-  nerve.  Jn  ihe  cycli'>5tomaia  (lamprey)  there  ta  an  twJe- 
pendent  (acini.  'Hic  vaj;us  in  present  in  all  verlcUala;  in  fiihes  it  gives  off  o  large  nrrve.ihe  /«/« 
nrn'f  of  the  hody  (N.  UteralLi),  which  runs  atont;  each  side  of  the  liody  cloM  to  the  lateral  caa 
It  is  also  present  in  the  tadpole.  Its  rudimcnior)'  reprciienutivc  in  man  ii>  the  auiicular  Uaach. 
the  frog,  the  vlh,  lotli,  and  I  ith  atiM:  t«)gether  fiomunc  trunk,  and  the  7lh  and  8th  from  anuthcr. 
hshc&  und  iiin)>hiliia,  the  hypofjtossat  i-t  the  hrsl  cervical  nerve.  In  amphioKus,  the  cerebral 
sinDal  nerves  are  not  di&tinct  from  each  uiher.  The  spinal  nerves  ore  remarkably  uintlax  ia 
dasscs  of  the  venel»rnta.  The  sympathetic  is  ainent  in  the  cyclo^omaia,  where  it  it  rrpre.'wue^^ 
by  the  vagus.  Its  coiuiic  is  along  the  vertebral  column,  where  it  receives  the  rami  coromuuicanlo  ^.'^ 
the  spinal  nerves.  In  the  region  of  the  head  its  connections  with  the  5th  and  loth  ner>ca  a^_^^ 
specially  developed.  In  frogs,  and  still  more  so  in  birds,  the  number  of  conaedionft  with  the  crmn«^'^ 
ncr\es  increasot. 

Historical. — The  vagus  and  sympathetic  were  known  to  the  Hippocmtic  School,     Acoordii^ 
to  Erasibtratus,  all  the  nerves  proceed  from  the  brain  and  spinal  cord ;   Herophllus  was  the  fim  j^ 
distinguish  the  nerves  from  the  tendun-s,  which   Aristotle  confounded  with  ench  other.     Manaxttw,        j 
{So  A.  D.}  rcCogniied  seven   pairs  of  crania!  nerves,     (ialen  was  in  poiMission  of  a   wide  raujf  0/        f 
important   facl.i  in   the  |:)hy^iology  of  the  ner\'Du.s  sy^ttem  (J    140);  he  nhserved  that   Ion  of  ru<* 
lollowcd   ligature  of   ilie  recurrent   nerves;  and  he  wa«  aa]ua)nfed  with  the  accc»«oriu5, 1 
ganglia  on  the  abdominal  nerves.     The  cauda  equina  h  referred  to  in  thcl'almud;  Cotlcr| 
deftcribed  exactly  lite  anterior  and  posteilor  spinal  nerve  roots.     Van  Hclmont  (f  1644)  i 
llie  peripheral  motor  nerves  also  give  rise  to  impressions  of  pain,  and  Ccsalpinus  (157 1)  reanHslfatfl 
interruption  of  the  blood  stream  makes  the  parts  inBcnsible.     Thomas  Willis  described  tbccWrf' 
ganglia  (1664).     In  Des  Canes  there  is  the  tirst  indication  of  reflex  movements;  Steven  llalaucl 
Rolirt  \Vhyll  showed   that   the  spinal  cord  wa*  necessary  for  such  act«.     IV>chaska  drscritcil  il« 
reHex  channels  [while  Marshall  Hall  established  the  doctrine  of  rettex,or,  as  he  called  them.  "4iia> 
tallic"  actions].     Duvemey  ^1761 )  discovered  the  ciliary  ganglion,     tjall  traced  more  ctreUf - 
Ihe  course  of  the  3d  and  6ih  nerves,  and  also  the  spinal  nerves  into  the  gray  matter.     lIllKflo 
only  nine  nerves  of  the  brain  bad  been  enumerated;  Sdmmerring  (1791)  sepanied  the  faciilliiia 
the  auditory  nerve,  Andersch  (1797)  the  9th.  toih,  and  iith  nerves. 


Physiology  of  the  Nerve  Centres. 
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358.  GENERAL. — [The  nen-e  fibres  and  nerve  cells  constiuile  the  elements 
out  of  which  nerve  centres  are  formed,  being  held  together  by  connective  tissue. 
In  Lhe  process  of  evolution,  gruui^  of  nerve  cells  with  connecting  fibres  are 
arranged  to  constitute  nervous  masses,  whereby  there  is  a  corresponding  integration 
of  function.  Thus,  with  structural  integniiion  there  is  a  functional  integration. 
When  the  structure  sitflers  so  also  does  the  function,  and  those  i^xrts  which  are  most 
€Volved,  as  well  as  those  actions  which  have  to  be  leanu'd  by  ]>ractice,  are  the  first 
to  suffer  during  the  dissolution  of  the  nervous  system.] 

General  Functions. — The  central  organs  of  the  nervous  system  are  in  general 
-characterized  by  the  tollowing  profwrties : — 

1 .  They  contain  nerve  cells,  w  hich  are  either  arranged  in  groups  in  the  interior 
of  the  central  organs  of  the  nervons  system,  or  embedded  in  the  peripheral  branches 
of  the  nerves.  [Nerve  cells  are  centres  of  activity,  originate  impulses  and  conduct 
impulses  as  well,  while  nerve  fibres  are  chiefly  conductors.] 

2.  The  nerve  centres  are  capable  of  discharging  reflexes,  ^-.K-t  reflex  motor, 
reflex  secretory,  and  reflex  inhibitory  .icts. 

3.  ITie  centres  may  he  the  seat  of  automatic  excitement,  i.e.,  they  may 
manifest  phenomena,  without  the  application  of  any  apparent  external  stimulus. 
The  energy  so  liberated  may  be  transferred  to  act  upon  other  organs.  This  auto- 
matic Slate  of  excitement  or  stimulation  may  be  continuous^  i.e.,  may  be  continued 
without  interruption,  when  it  is  called  tonic  automatic  or  tonus ;  or  it  may  be 
intermittent  and  occur  with  a  certain  rhythm  {rkythnieal  automatic). 

4.  The  central  organs  are  trophic  centres  for  the  nerves  proceeding  from  them ; 
they  may  also  i>erfurm  similar  functions  for  the  tissues  innervated  by  them. 

5.  The  psychical  activities  arc  dejiendent  upon  an  intact  condition  of  the 
ganglionic  central  organs.  These  various  fimctions  are  distributed  over  different 
centres. 

[The  tcnn  **  centre  "  \s  merely  npplied  to  an  aggregation  of  nerve  cells  so  related  to  each  other 
as  to  subscrre  11  certain  function,  but,  inasmuch  as  these  cells  are  connected  lo  each  other  and  with 
t'rfber  cells  in  many  ways,  various  combinations  of  them  may  rc&ntt ;  a^oin,  m'C  hove  aUo  to  lakr  into 
account  the  greater  or  XtiA  resistance  in  some  paths  than  in  others,  so  that  the  variety  of  cnm1>infltion& 
which  the?>e  cells  may  subserv-e  is  cnurmous.  These  cells  give  oiT  process^  which  branch,  and  aiias- 
totnose  with  processes  Irnm  other  cclU.  Tbu?,  innumeralile  ways  ore  oi^ened  up  lo  nervous  impulses 
bjr  these  combinalion.*,  so  that  in  a  certain  way  we  mny  regard  a  cell  oi,  a  junction  of  these  conduct- 
ing Rbrec,  or  a  >*  khunt  "  whereby  an  impulse  may  be  shunted  on  lo  one  or  other  Imuich  in  the  direc- 
tion of  least  resistance,  or  in  the  best  beaten  path  as  it  were,  while  there  nay  be  a  "  block  "  in  other 
Hirectiotu.] 

[In  connection  with  the  histology  of  the  central  nervous  system  we  have  lo 
stadv: — 


A.  The  nervous  constituents. 

(i)  Nerve  fibres, 
(a)  Nerve  cells. 


B. 
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Non-nervous  constituents. 

(i)  Vessels  (blood  and  lymph). 

(2)  F.pithelium. 

(3)  Sustentacular  tissue. 

(d)  Connective  tissue. 
(^)  Neuroglia.] 


THE  SPINAL  CORD. 


359.  STRUCTURE    OF   THE    SPINAL   CORD —[The  key  lo  A 
study  of  the  central  nervous  system  is  to  renieniber  that  it  begins  a*  an  involulio 
of  the  cpibhist,  and  is  originally  tubular,  with  a  central  canal,  dilated  in  (he  hrjiq 
end  into  ventricles.     In  the  spinal  cord  there  are  three  concentric  parts:  first,  1* 
columnar  ciliated  epithelium,  outside  this  the  central  gray  tube,  and  covering  itf 
all,  the  outer  white  conducting  fibres  (/////).] 

Structure. — T1>e    spinal    cord    con.si«ts  of  white   mntler  cxternalljr  iukI  ^^y  milter  iRtmuUf. 
[It  is  invfiiteil  by  membranea — the  pia  mater,  coropofted  or  two  layen  juid  caujbthqt  of  cak_ 
Dective  tusue  witli  blood  vessels,  toeing   bmily  adhercDt  to  tbc  white  matter  and  sending  nepu  \K'' 
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TruiaverM  leclion  nt  the  «pirut  cord  .  in  (h<  centre  i>  iKc  bwiieifly  rorm  of  the  fray  m*lt«t  aumKimlaill 
mailer.    /,  i>o«tcri«r,  and  a,  anterior,  ham*  of  the  gmv  matter;  I'K,  pcMtcrior  roctf  :  AR.amcrwr  i 
kfiinAl  nerve;  A,  A,  the  white  anterior;  L,  I.,  the  Uicnl;  P,  P,  ibc  ptMierior  calumiM- 


tfae  substance  of  the  cord.     Both  layers  dip  into  the  anterior  median  fiuure,  and  only  the  im'i*' 
into  the  posterior  median  groove.     The  arachnoid  is  a  more  delicate  TncmlinirM!  and  non-wo^- 
while  the  dura  mater  is  a  tough  incmtiroiie  lining  the  vt-rtebnd  canal,  and  fi^rming  o  thecal 
tcctivc  coat  for  the  cort!  (J  381).']     The  gray  mater  ha*  the  foini  of  two  crCBceiit*  )-i  |>Ia 
to  back  [or  a  capital  II],  in  which  we  can  distinguish  ao  anterior  (a)  ami  a  po&tertor 
a  middle  ixirt,  nnd  a  gray  coinmisBure  cnnneciing  the  two  crfEcentn.      In  the  centif  of 
oimmLv^Htr  is  a  canal — central  canal — which  nin^  from  the  catamtut  scripititius  duwnwi 
lined  throughout  by  a  single  layer  of  ciliated  cytiodiical  ejiithcUum  [iti  ihc  ftrttu,  the  d^la  1 
visible  in  ihc  adnlll,  and  the  canal  ii»cl(  is  the  rrprc^entntive  of  the  cmbi^Ttnal  "medulk 

(Figs.  440,  446).     [Tbe  pan  of  the  gray  commissure  in  front  of  this  c^nal  is  called  the      

and    the    part  behind,    the  poiteriar   gray   cnmrni^M^ure.       In  front    of  the    gray    comotivmA 
between  it  and  the  base  of  the  anterior  median  fissure,  are  bundles  of  white  ncr«e  tiLns  p'*'^! 
in  a  hurizonial  or  oblique  direction   fiom  the  anterior  column  of  one  skle  to  the  gravaaUf"  ' 
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the  antninr  coma  of  the  opposite  ude  (Fig.  440).     These  decusuting  fibres  constitote  Lhe  white 
coiximiBsurc.] 

The  white  matter  turrounds  the  gray,  and  » imuiged  in  sevcril  columns  [anterior,  lateral, 
and  poatcrior — liy  lhe  paauge  of  tlte  nerve  roots  to  the  comua  (Fi^'j.  440,  446')%  Along  ihe 
anlerior  surlacc  of  the  coid  there  runs  a  weUmarked  Assure,  which  dips  into  th«  cord  it&elf,  hut  docs 
not  reach  the  gray  matter,  as  a  mass  of  white  malto-— the  white  commissure — nmii  from  one  side 
of  the  cord  to  ihv  other,  ileiwern  this  fuuurc,  known  at  the  anterior  median  Hsaure,  and  the 
line  of  exit  of  lhe  autcrior  rooLiof  the  spinal  nerves,  lies  ilic  anterior  column  \A);  the  v^ie  matter 
l)ing  laterally  between  the  orij^in  of  the  tmleriur  and  poaterivr  roots  of  the  spinal  nerves  is  the  lateral 
column  [  L),  while  the  while  matter  lying  between  the  line  of  origin  of  the  posterior  root>  and  the 
sooilted  posterior  median  fissure.  t«  the  poatcrior  column  (I'l.  [The  posterior  median  fusure 
is  not  a  lenl  lis>urc,  Imt  i»  tilled  up  with  the  inner  layer  of  the  pia  mster,  which  dips  down  from  tlie 
under  sur&ce  of  this   maiibranc  •guile  to  the 

gray  matter  of  the    posterior  commy.«ire.^  p. 

fcach  jiostirrior  column,  in  certain  regions  of  *•  44  • 

the  cord,  may  be  sutiilivided  mio  an  inner 
port  lying  next  lhe  fibAurc,  ilic  postero- 
raadian  cr  GolVt  t-tyiumn,  or  the  inner  rooi 
ii>n^  (CAtirta/,  Kig.  454,<');  and  an  outer 
larger  pait  nokt  the  posterior  root,  known  an 
lhe  pes tero- external  or  ButJa.h'i  column^ 
or  the  outer  root  torn  {Chorcoft  Fig.  454,  </)■ 

Kig.  441. 


Fic.  Mt.— TraiMvtrM  Kctloti  of  the  white  naltcr  of  the  cord  :  y  150.  m,  peripheral  Uyer.  Beside*  the  lnsnvt>«« 
»c<6ooi  of  the  nerve  ril>rt^«.  Urg«  anj  fine,  ihere  are  three-ti ranched  co»n«ctive.|»iue  corpusctc*  (r). 

f%Q.  44a.'— MuldpaUr  nerve  cetli  from  ih*  ||niy  mjller  of  Um  interior  horn  fi(  the  «oiiuU  con]  (Ol).  m,  Rcrvc  cgO  ; 
i,  axIscyUaaer;  f.  gnjr  matter ;  tf,  while  natter  of  colainn;  r,/,  branches  of  celw. 

The  white  matter  consists  chiefly  of  medullalcd  fibres  without  the  .sheath  of  Schwann  and  Ran- 
Tier's  nodes,  but  proviiled  with  the  neuro-keratin  sheaths  of  Ktlhne  and  Ewald  ()  321),  the  fibres 
Ihctnselves  being  chiefly  Bnanged  tomgi/tuimalfy.     [The  incisures  of  Schmidt  exist  in  Uiese  fibres, 

Fig.  443 


I>iafTvai  of  lhe  absolute  atKl  relative  ccteni  of  ihe  zray  matter,  ind  nf  lhe  while  columnt  in  kucce^«ive  KCtion*! 
areu  of  thn  apliMl  curd,  m  well  ai  the  lectionai  »nm%  of  Ihe  Kvcral  cDtcruig  nerve  roou.  NR,  nerve  roots; 
AC,  LC,  PC.  Ulterior,  laieral,  and  poatcrior  coliimo*  ;   Gr,  (ray  auller. 


andean  be  demon<iirated  by  the  interstitial  injection  of  osmic  acid  (KanvierV]  The  ner%-e  fibres  of 
the  oerve  roots,  a*  well  as  lliosc  that  pass  from  the  gray  matter  into  the  columns,  have  a  transverse 
or  oblique  coone.    There  are  also  decussating  hbres  in  the  anterior  or  while  commissure.     [In  a 
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ARRANGEMENT  OF  NERVE  CELLS. 


Fu;.  444. 


iransvrnie  wdion  o(  Ihe  white  mailer  oF  th«  spinal  coni,  the  nerrr  fibres  are  of  diflcfcnt  siui,  uuA 
appear  like  Mnall  circles  with  ■  rounded  dot  in  their  centre— (be  axis  cylinder — the  latter  oar  be 
stained  with  cannine  or  other  dye  (Fig.  441).  They  arc  smallest  in  the  po^tcro-median  or  (k^'s 
colomn,  nnd  largest  in  the  crossed  and  direct  pyramidal  tracts,  which  are  motor.  The  white  sub- 
stance of  Schwann,  csf^eciallY  in  frciurationit  hanlcned  in  salts  of  cfaranuuni.  often  presents  tbe 
appearance  of  concentric  lines.  Fine  >epta  of  connective  tissue  canyioE  Uood  vessdslie  Ivtwecn 
groups  of  the  nerve  fibres,  wliile  here  and  there  between  the  nerve  fibres  may  be  seen  branched 
ueurof^lin  corpuscle*.  Immediately  underneath  the  pia  mater  there  is  a  pretty  thicit  layer  of  attxro^' 
lio.  which  invest  the  prolongations  of  the  pia  into  the  cord.] 

[The  gray  matter  ditTer^  in  shape  in  the  dilfereni  regions  of  the  cord,  and  so  does  the  erar-oooi' 
Biisure  (Fig.  444).  The  latter  is  thicker  and  shorter  in  ilie  cervical  tlian  in  the  dor«1  region,  while 
11  U  very  narrow  in  the  lumbar  re^on.  The  nmouiil  of  gray  nulter  undrrgoc^i  a  groit  Incroue 
opposite  the  origins  of  the  large  nerves,  the  increase  being  most  marked  opp06itc  the  cervical  and 
lumbar  enlar|rcnients.  I.udwig  and  Wonischilotr  coni^niaed  a  series  of  cnrve&  from  nteasurement^  by 
Stilling  of  the  sectional  areas  of  Ihe  gray  and  white  matter  of  the  cord,  aa  wdl  as  of  the  teveral 
nerve  rootfr.  These  curves  have  been  arranged  in  tbe  annexed  conTcnicDi  hna  by  SctUUer  after 
Woroschiloff  (Fig.  443)]  ;— 

[^In  the  cervical  region,  the  lateral  white  columns  are  large,  the  anterior  comu  of  tbe  gray  nutter 
i«  «idc  and  large,  while  the  pobtcrior  comu  is  narrow;  Coil's  column  is  marked  off  by  a  dcfreaooD 
and  a  prolongation  of  the  pia  mater;  the  corri   itself  i^  broade&t  from  side  lo  nde.     In  tbe  dorsal 

region,  the  gray  matter  is  small  in  animals,  and  both 
comua  are  narrow  and  of  nearly  equal  breadth,  whilcthe 
cord  it&cif  is  smaller  and  cylindrical.  In  it  the  iniertDedio- 
lateral  and  posterior  vesicalar  groups  of  cells  arc  datiact. 
They  have  probably  relations  to  vixera.  Tbe  commisaare 
lies  wcU  forward  between  tbe  crescents.  In  tbe  tiunbaT 
region,  the  gray  matter  ii  relatively  and  absolutely  great- 
est, while  the  uhitc  lateral  columns  are  small,  the  central 
canal  iythc  commis^torelM-ing  nrarly  tn  tbe  middle  of  tbe 
curd.  In  the  conus  meduUaris,  tbe  gray  matter  make» 
up  the  great  ma9  of  it,  with  a  few  white  filees  cilemaUy 
(i-lg.  444)] 

The  anterior  comu  of  tbe  gray  natter  is  shorter  aoa 
broader,  and  does  not  reach  50  near  to  tbe  surface  as  tbe 
posterior:  moreover, each  anterior  nerve  root  arises  feooo 
it  by  sevrral  handle* — it  contanut  several  groapa  of  large 
multipolar  ganglionic  cells  (Fig.  442) :  tbe  poeterior 
comu  is  more  potntetl,  longer,  and  narrower,  and  rcftcbes 
nearer  to  the  sarface.  the  prHlerior  root  arising  by  a  single 
t>undlc  at  the  postcro-lateral  fissure  ;  while  the  coma  iisef  ~ 
contains  a  few  fufitorm  nerve  celb.  and  'n  coveted  by  the 
substantia  gelatinosa  ol  Kolando.  which  »«  in  part  an 
accumulation  of  neuroglix 

[The  substantia  gelatinosa  on  the  posterior  canw 
is  majkt-d  \fy  stnalion  nbere  the  posterior  root  fibres  tra- 
verse it.  It  contains  fome  coonective-liisue  cells  and 
ume  fusiform  nerve  cells,  especially  near  tbe  margtas. 
Tbe  substance  JUsIf  stains  deeply  with  carmine.] 

['Ilie  outer  margin  of  Ihe  gray  matter  near  its  middle 
is  not  10  shanily  <ieAned  from  the  wbhe  mailer  as  else- 
where :  and,  in  bet.  a  kind  of  ana^lotDoai  of  tbe  gray 
maitrr  prujrcts  into  the  lateral  column.  cspeoalK  in  the 
cer^'ical  ne^on,  contfitating  the  processus  reHnt/mris  (Fig< 

[Arrangement  of  Nerve   Cells — The   ncrre    cells 
arc  amnged  in   four  grou{«,    tunning   columns   more  or 
lesis  continuous.     There   are  lbo«e  of  the   anterior  and 
poelerior  bcnis.  tbose  of  tbe  latoal  column  |  {niermedio- 
lalcfslK  and    the  [Kvderior  vesBcnlar  colnmn  of  tlilaiiir. 
Tbe  anterior  ard  posterior  K^wePb    cust  as  cnnnoacNK 
columns  almg  the  entire    cord.     Tbe  celts  in  the  aotoior 
cetnu  are  solxlividcd  tolo  smaller  groopa,  which  vary  in  the  diHoeoi  regions  of  the  eori     Tlwe  » 
an  inmfr  #r  m/^diam  ^ntp  near  the  anirrior  angle  of  the  cornu.     It  b  the  smalksl  gro^  anl  '» 
al«ent  in  the  lumbar Vegioo.     Near  the  anterior  edge  is  the  ^mtrrim- ^twm^,  and  in  tbe  extcmalp^ 
of  the  cvrnq  is  the  amtfr^tittnU  j^rmf.    Tbe*e  two  groups  «e  oftm  aoiied,  as  in  the  ratd-eexvoi 
Tfacie  is  awally  a  third  laip  gioii|>— the  mtirrmad  or  ftattrm-Uttrad  in  the  ponnarooier 
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tailed twice :  D,  E.  F,  tkrve ;  *,  uktenw, 


ARRANGEMENT  OF  NERVE  CELLS. 


679 


angle  of  the  anterior  cornu — the  cdls  of  the  anterior  horn  being  rery  1ar|re  (67  10  135  fi),  while  the 
fuMrnrm  crIU  of  the  poaterior  litim  one  iS  u  in  diameter.  Theme  of  the  Inlcral  column  are  diBtinct. 
except  in  the  lumbar  and  cervical  cnlargemenu,  where  they  hlcml  with  the  anlcrior  horn.  The  col- 
umn i>f  Clnrkr  (cclU  40  to  90  /<)  i;*  tlJitcontinuet],  ami  i«  limitnl  to  ^1 ')  the  thoracic  rrf^nn,  (2)  cer- 
vicu'Crnninl  region,  (i)  A&cral  region,  being  most  cons|)iciiLim  in  {l  I,  wliere  it  currcsponHs  altsolulely 
to  the  outflow  of  viMreral  neTvti>  {(ittsM/).  In  the  ucral  region  it  coTTe*|iond5  to  the  "sacral 
midens  of  Stilling,"  while  in  the  cervicnl  region  it  begins  in  the  dog  at  Ihe  3d  cervical  ocrve,  form* 
Hig  the  cervical  nucleus,  Ixtng  con(inue<l  itbove  into  the  nuclei  of  the  vm^as  and  glosfio-pharyngeal 
nerves  The  celts  of  thU  column  give  Hk  to  unall  medullated  nerve  fihrea  or  the  Icucenteric  fibres 
of  Ga&kdl.1 

The  multipolar  gmnglton  cells  arc  largest,  and  arranged  in  groupg  in  the  anterior  turns  of  Ihe 
gray  nuutcr  \  Iir,  446—**  motor  Ranglmnic  cells  "j.  f  Thc>'  also  occur  in  the  lateral  process  and  in 
the  proccMUb  reticularis  It  ii>  to  be  noted  that  (he  CcIIb  become  more  branched  as  we  proceed  up- 
ward among  the  vertebrata.   The»e  cells  usually  contain  pigment  granules,  and,  according  to  Pierrrt, 
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flC.  44S. — Ntrv*  c«ll  from  Ctarke*i  column  (horaeV    The  crrnw  Ktitk^ic*  ih«  cerebral  en4. 

Fra.  mS.-— Tm>v«nc  ta-Uonvt  lh«  ftfinHl  conl  (Inwer  <InrMd).  A,  L,  V,  snicriir,  Uleral,  aad  |»o*(eHor  ciihiniiw  ,' 
A.M.F.,  P-M  F..  aiMcrliir  maii  poatmor  moliait  fttturcs ;  a.  A,  f ,  cclk  of  the  aniciior  horn ;  ti,  pautxior  caittu 
■nti  •ut»i»)lU  gcbtinotA;  t,  i.c»lr«l  uuul ;  Z',  vein* .  jr.  mttcTtar  roo4  biifMUet;  k,  poalerior  met  Uindln  ;  /, 
wUiu  conimbMirr ;  j,  gny  conaiiMurc ;  /,  reticular  ftinnaiMHi. 
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their  «i2e  ha»  a  direct  relation  lo  the  length  of  the  nerve  filve  [MDCeeiUng  from  them  ;  to  tliat  they 
arc  largest  in  the  lumli«ir  enlargement,  tmallcT  in  the  cervical  rntar^rmciit,  and  *niaUr^l  in  (he  dorval 
region.  Smuilir  kpindle-sbupcd  ("aensory")  cells  occur  in  much  iinallcr  numlrtrr^  In  the  gray 
matter  of  the  posterior  horn.  The  celU  of  Clarke's  column  (Fig.  445)  arc  nmallrr  130-60^), and 
arc  usually  arran{;ed  wtih  their  long  axt«  in  the  long  axis  of  the  cor<t.  The  processes  arc  fewer,  but 
ofie  is  generally  dirrcted  inward  Ihe  hrad,  and  vnne  toward  the  cnudol  end  of  the  body.  They 
Uiktially  contain  much  pigment,  which  is  generally  disposed  toward  the  cerebral  pole  of  Ihe  cell] 

[In  a  longitudinal  section  of  lUc  cord  i  Kig.  447  1, these  cell*  are  »ccn  (o  be  arranged  in  columns, 
the  large  muUipolnr  cells  in  the  anlcrior  horn  (iw);  in  the  same  section  are  5hown,  the  Umgitudiruil 
direction  of  the  ittv^  librc*  in  ihr  antninr  (u)  and  pcKterior  white  columns  (<-),  the  hoii/ontal  direction 
of  the  nlire*  of  thr  anterior  arnl  jH.-irri-tr  nerve  roots  {i  and/). 

The  yrsy  malter  luiiiaint  an  excrcdiogly  delicaie  fibrous  netwnrk  of  the  finest  nerve  lihrils 
( Gttiafk),  which  i^  pcnducrd  by  the  repealed  ^viuon  of  the  pratoplaamic  processea  of  tbe  multipolar 


gerlach's  network  and  multipolar  cells. 


gangUonic  celb.     MedullBted  nerve  fibres  travene  and  diTide  in  the  gray  matter  and  beoomr  . 
mcilnllated-,  some  of  ihcm  merely  pn&t  through  the  gray  toatier  of  the  nonmedullaied  Alvo 


Fig.  447. 


Fm.  448. 


A-4 


{%' 


yM: 


Fic.  '  :(linfll  Mction  of  tbe  tiumui  apinat  cord.     «,  anterior,  c,  pottcrlor,  J,  laicral  white  cakusi*a,  i 

.lerbf  iicrvc  rouu;  f,  boriionul (pyramidal)  fibre*  puking  10  M.celb  ofanieriof  ounm.  »,tkli^ 
I       ",rlor  rOM. 
Fig.  445— Muiiipolu  nerve  cctl,  froin  the  anterior  horn  of  the  >pin«t  cord,    x,  axi^-crlindcr  pmm*;  /.hmdat 
pioccua. 
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Scheme  ot  ihecoutie  of  the  fibres  m  the  ipinKl  cord. 

iDngitudifkal  fibres  are  indituitcd  by  hom]  circles  ; 
ttic  Dcrve  cells  arc  bUck. 
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terminale  in  Gcrtncb'i  network.  Mhm  jm» 
from  tbe  gray  diattcr  u(  one  ude  to  tluUoTtbt 
oilier  throogh  the  commissura  in  front  td  •»! 
behind  the  central  canal. 

[By  means  of  Weigert's  method  of  ttuua^ 
medullaled  nerve  fibres  (p.  579).  it  bi»  biM 
proved  that  numerous,  fine,  meduUatnl  tern 
fibre«  entst  in  the  griy  substance.] 

Oerlach's  Theory. — According  toG<rli:k, 
the  connect  ion  of  the  fibres  and  cefli  a  ■ 
follows :  The  fibres  of  the  anterior  root  (j»nc«^ 
directly  to  the  ganglionic  celU  of  tb<  wtawf 
ham,  with  which  they  Ibrm  direct  ooaaMBO' 
ticns  by  raeans  of  the  tinbranched  axial  cybdtr 
proceasei  (Kig.  448, 1).  The  grayodwaka 
protoplasmic  processes,  produced  by  tbr  n- 
peated  branchings  of  tbe  5bre*  of  the»c  ee!K 
gives  origin  xn^rfiod  fibret.  ApanoftbeltfU 
(the  median  bundle)  poues  through  thcuKri* 
while  commi&.sure  to  the  oihcr  lide,  and  tk» 
ascends  in  the  anierior  column  of  the  opp*"*' 
side.  Other  fibres  (the  latrral  bundle)  {■* 
Into  the  lateral  column  of  the  airoe  a4t,i*^ 
ascend  in  it  as  for  as  the  decssMikiK:' i^ 
p\-nimids,  where  they  (joos  in  ibe  noda&i  <* 
the  other  .side.  The  fibres  of  tbe  /Mh*"* 
rtH}i  enter  tbe  potrrinr  bom,  and,  alttf  dtf"' 
tog,  terminate  in  the  nervous  protoplamc  k>- 
work  of  ihe  gray  matter.  Ity  mesni  of  t*" 
network  thry  are  connected  iiKUrecxly  wilk  d" 
gangliooic  cells  of  the  pocterior  ban.  ^>^ 
are  nid  not  10  hnve  an  asial  cylmdcr  f'*'^ 
'llie  gray  network,  which  coaoectsdtt  I 


of  tbe  anierior  and  posterior  lioms  with  each  other,  also  sends  filtreik.  which  pass  to  the  olberfldt^ 
the  cord  in  front  of  and  behind  the  central  canal.  They  then  take  a  backward  ooorae.  to  w«*i 
partly  in  the  posterior  boms  and  partly  bi  tbe  lateral  columns. 
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[Tbe  anterior  root  enter<>  in  sevenU  bundles  o(  cunrsc  fAtca  which  diveq^e  before  they  reach  the 
Kmy  matter.  Mosi,  or  perhapn  ill,  the  Rbrcs  end  in  the  lar^e  motor  nerve  cells  in  ibe  anterior  comu 
or  its  lateral  process  (Fig.  449,  ti,  h,  e.  </,  /i.  Hut  ihc  Atirrs  diverge  in  all  directions,  some  of  tbe 
fibres  of  the  bundle  nearext  Uic  miUdlc  line  (3)ci>d  in  the  taierall^r  placed  cdU  (^) ;  a  part  (4)  crtMses 
tbe  anterior  commissure  to  end  in  cells  on  ilie  oppusite  side  \d).  Some  of  them  (6J  run  upwajtxl  to 
become  connected  with  motor  celU  lyinf;  further  up  the  cord.] 

[Tbe  posterior  root  ente»&  as  a  single  bundle,  composed  of  finer  fibres  with  Inmdle^  of  thicker 
ones  1he  finest  tiljr»,  wliich  arc  usually  placed  most  lalerall;  (7),  or  outer  radicular  fibres, 
curve  into  ibe  longituflinol  fibres,  io  that  they  ore  cut  acrou  iti  a  lraiiEvei»c  »ciian,  but  ihey 
again  lake  a  hori/ontal  course  and  enter  the  substantia  gelatinosa.  The  remainder  of  tbe  fibres 
split  into  an  miii-r  and  intK-r  |iart.  The  lateral  smaller  part  or  central  rdires  (H  to  lo)  |ia«ses 
into  tlie  Mibstaniia  gelntinma,  where  tl  divides  into  scvrml  sirandt.  wmc  of  which  pii»s  into  the 
cenlral  port  of  the  {^ray  matter  ( loK  while  othcn  (8)  pau  u[m-ard  and  downward  in  a  Inngttudinnl 
dIrcctioD.  Some  of  the  fibres  (9)  perhaps  end  in  tbe  ncr%e  cells  (/)  in  the  po^lcrio^  comu.  The 
median,  inner  or  internal  radicular  fasciculus  (it  lo  14),  sweeps  through  the  po»icru-cxicmal 
column,  and,  after  running  a  longitudinal  caurbc  in  the  white  mailer,  enters  the  gray  substance  of  tbe 
posterior  comu.  Some  fibres  i,[i )  pa!«  to  the  small  fusiform  celU  (^) ;  and  others  (13)  paiss  to  Iw 
connected  with  the  cells  of  Clarke's  column  (A),  wh-n  it  is  present  From  the  cells  of  Qorke's 
column,  fibres  >eem  (o  pass  to  the  direct  cerelicllar  tract  (20).     Some  of  the  tilves  ( 12]  pass  into  the 
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IwlaMd  rWiiirHtr  Umhj  oorpusci*  or  "  glia  c«ll "  fron  tbe  human  flpinal  card ; 
X  80Q. 
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LongUudltwl  MctMMi  of  the  spi  u  I 
cord.  «,  while,  h,  gray  ituit' 
ttt;  c.  cryaial*  of  mErcurk 
chloride.      Prepared  by  Ool- 

Si'k   meixuric  cliUmd«  mc- 
)chJ  :   X  Ba- 
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posterior  gray  commii>surc,  to  reach  the  opposite  side.  This  so  far  only  accnunLt  for  a  part  of  the 
fibres.  Some  of  them  (8  to  10^  are  concerned  in  the  Ibrmation  of  the  fine  nerve  plexus  in  the  griy 
matter,  whereby,  perhapt,  they  become  connected  with  the  cells  in  the  anterior  cornu.  It  is  asserted 
that  some  of  the  lilires  ^14)  ultimately  pass  into  Goll's  column.  Many  of  tbe  fibres  in  the  posterior 
root  have  been  prored  to  be  directly  connected  with  nerv-e  cells,  e.g.,  in  Pctroniyion  by  Kreund,  and 
in  the  Proteiu  by  Klaussner,  so  lliat  il  is  ver^-  doubtful  if.  in  the  higher  animals,  the  filires  of  the 
posterior  root  are  directly  connecteil  with  ihe  plexus  of  gray  fitires  as  suggested  l>y  t.:erl»ch  (p.  680).] 
Neuroglia. — llic  connective  tissue  uf  the  »piiial  oord  arises  in  |>art  from  the  pia  nuter  and 
passes  into  the  white  matter,  carrying  with  it  blood  vcwela,  and  (bnning  septa,  which  separate  tbe 
nerve  fitves  into  bundles.  [Tbe  connective  tissue  of  the  central  nervous  system  is  so  Car  peculiar, 
that  the  inter -cellular  substance  i^  reduce<t  lo  a  minimum.  It  consists  of  a  reticulated  connective 
tissue  composed  of  fine  fibres,  which  furm  a  network.  Kig.  450  sliows  one  of  the  cells,  "  glia  cells." 
isolated.  It  comasts  of  a  small,  granular,  nucleated  body,  with  numerous  excessively  fine,  stightly- 
branched,  stiff  processes.  Tl>e  processes  form  a  su^teniacular  tissue  for  the  nerve  fibres  and  blooil 
vcasels.  The  arrangement  and  distribution  of  the^e  cells  is  best  seen  in  sections  of  a  cord  liordened 
by  Golgi's  method  in  corrosive  sublimate  solution  (Fig.  4SiV  In  some  situations.  /.  p.,  the  while 
moll rr  of  the  ccrefirum  and  ccrL-lielluin,  the  celts  are  smaller  and  more  angular,  and  the  processes 
are  often  connected  with  the  outer  coat  of  the  blood  vessels.  On  the  whole,  the  connective  tissue  a 
^      much  finer  in  the  brain  than  in  the  cord.     The  central  canal  is  surrounded  with  a  denser  layer  of 
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this  tissue,  known  as  the  "  central  cpendyma,"  whicb  stuns  deeply  wHh  cannine,  and  h  nry  Um 
(he  subslanlia  getaiiiiosa  in  ils  stnicture  (p.  6jii\.  We  must  diitinguish  fmni  th)^  form  of  conaecuYc 
tissue  liul  special  form  in  (he  gray  nutter  to  which  Virchow  ^avv  the-  naiue  of  oeuroglJa.  )i  i^ 
specially  adnpted  to  till  up  the  Apaco;  left  by  the  other  elementA,  and  without  interfering  with  Uic 
exchan(;e  of  lluiiH  M:rves  lu  hold  the  eleinenis  together,  li  is  an  cxccMtvcly  hnely  Knuialar  gmvai 
sti^wnncr  in  the  gray  matter.  It  i»  al-so  an  tnter-ceUular  substance,  but  in  thr  ulult  the  ceXU  to  whiCib 
it  owe»  its  origin  «re  no  longer  to  be  found.  It  is  doubtful,  from  its  chemical  nature,  if  it  b  really  to 
Ite  reckoned  along  wtlh  the  connective  tissues.  It  seems  to  be  ratbrr  a  ti^^sue  sui  gtiurit^  belonging 
to  ihe  nervous  system,  and  it  is  present  in  very  small  lunoaot.l  The  neuroglia  is  al«o  ttbnndant  .jt 
the  Mdcs  and  apex  of  the  posterior  horns,  where  it  is  called  the  gelatinous  aubataoce  of 
Rolando. 

[Blood  Vessels. — The  spinal  cord  is  partly  supplied  with  blood  by  aricne 
from  the  vertebrats,  and  partly  by  branches  of  the  intercostal ,  lumbar,  and  sacr 
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Semi-dincrjminalk  ;irnini{Cincnt  of  the  arteriei   in  the  iig««mi  biuiKi  tvmcJkoI  Uw  ■pinai  < 

apifuil  cnril.  .S^M,  aiilerior  ipinal :  «,  <Mtcin«  artcrv; 
Xf,  ft  I  lie  r>- corn  RUSK  11  ral ;  do,  ii«  ajumoinrifini;  hnflcn  ; 
cY,  to  Qarke'*  coluiun  :  ^/,  pmtvnur  fiMurr;  ra.rf, 
brutchck  alung  anict!>>r  ami  |io<i(c(iur  rrxiU  ;  f/,  (or 
poll,  comu :  ^t  tntcr-fitni Ciller;  la,  Im,  I/,  anicrior, 
ncdUn,  sad  poatedor  lateral. 

nrterics.  which  reach  it  through  the  inter- vertebral  furamina,  and  pass  to  the 
along  the  anterior  and  posterior  roots.] 

[Blood  VcBsela.^The  anterior  median  ^or  anterior  spinal)  {Y'\g.^^2)  artery  (jives  off  U 
which  dip  into  the  ti.s<<ure  of  the  same  name,  pass  lo  \\a  ba^,  and,  after   |>crfonUiag  the  an 
commissure,  divide   into  two  tirnnchis,  one  for  each  nijis*  of  gray  matter,  and   each   branch  in  tu 
^lits  into  three,  which  supply  part  of  the  anterior,  median,  and  [lo^icrior  gray  matter.     The  i 
lying  in  the  sulci  arc  cnlleil  arteria  sulci  {s)  by  Adamkit-wicz.     In  the  gray  nuiter,  there  is  i 
a  special   branch  to  Clarke's  column  |  rl).     The  vaso-coronaiy  Brtcrie^  include  all    those 
l/ranches  which  procee<l  from  the  periphery  Into  the  while  matter ;  tlie  tmer  lirancha  paaa  onfy  iMBa ' 
the  white  mitter,  but  the  larger  mlo  the  gray  sulistance.     The  largest   branch  is  the  artsy  of  iba 
]XMlefior  fissure  (/>/), which  posses  uton^  the  posleritrr  sefitum  and  reaches  a1fv^<  •"  »^^  rmonvaor, 
giving  brancbc*  in  itj  couise.     There  is  a  large  artery  l>ctween  the  column  '  .  tlwDiMiav* 

extental  column,  viz.,  the  inter  funicular  anery  yi/).     Arteries  enter  along  W  <  and  |wji!f 

roots  (rtf,  rft).     There  are  also  a  median  bieral  artcty  (An),  and  an  anterior  and  posterior  lal^ 
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{If,  Ar),  wbich  emer  the  loternl  colnmo.  The  gcncrcl  result  is  tb«t  the  gray  mntler  is  much  more 
vjiscutar  llian  tliL-  while,  as  \tt  shown  in  Fig.  453.  Some  small  vetiiseU  cumc  from  ibc  pia  and  send 
tironchcs  lo  the  white  matter,  and  unltranched  nrtrries  to  tlie  grny  mntter.  where  Ihey  Ibrm  a  cstpillary 
[ilexus.  Tlic  blood  vessels  arc  surrounded  (>)■  pertvftscular  lymph  spaces  (  ///j  ).  ]  [With  regard 
tu  the  blood  ve-'«scls  mpptying  the  cord  as,  11  whole,  MDXon  has  pointed  otit  that,  owing  to  Ihr  cord 
niK  being  as  long  as  the  vertebrHl  cnrxal.the  lower  nerves  have  to  run  down  within  the  vertebral 
canal,  before  ihey  emerge  from  the  appropriate  inter- vcilebral  fciramina.  As  re-enforcmg  arteries 
enter  the  cord  along  the  course  of  these  ncrvtrs,  necessarily  the  branches  entering  along  the  course  of 
the  lumbar  and  lower  dorsal  nervea  are  long,  and  this,  together  with  their  small  size,  oBeri  consider- 
able resistance  to  the  blood  stream.  Hence,  perhaps,  the  reason  why  the  lower  part  of  the  cord  Is  so 
apt  to  be  affected  by  various  pathological  conditions.] 

[Functions  of  the  Spinal  Cord. — (i)  It  is  a  great  conducting  medium, 
cooducting  impulses  upward  and  downward,  and  within  itself  from  side  to  side ; 
(j)  the  great  reflex  centre,  or  rather  series  of  so-called  centres;  (3)  impulses 
originate  within  it.] 

Conducting  Systems. — The  whole  of  the  longitudinal  fibres  of  the  spinal 
cord  may  be  arranged  systematically  in  special  bundles,  according  to  their  func- 
tion. 

[Methods. — ^The  course  of  the  fibres  and  their  divuion  into  so-called  systems  has  been  aicer- 
lained  partly  by  anatomical  and  embryological,  partly  by  physiological  and  pathological 
means.  Apart  from  extx'nnn--iitiil  itielbtKU,  such  as  dividing  one  column  of  the  conl  nnd  observing 
tlie  results,  wc  have  the  following  methods  of  investigalton  :  (i)  Tilrck  found  that  injur}*  or  disease 
of  certain  ports  of  the  brain  was  fuUawed  by  a  d^eneralion  downward,  or  secondary  descending 
degeneration  of  certaiTi  of  the  ner^'e  fibres  connected  with  the  seat  of  injur>',/.  i*.,  they  were  sepa- 
rated fmm  their  tio])hic  centres  ajid  underwent  degeneration,  (s)  V,  .Schiefcnlcckcr  found  ntsoi 
sftcr  section  of  the  cord,  that  alw>vc  and  below  the  level  of  the  section,  certain  definite  tracts  of 
white  matter  underwent  degeneration  [lhii&  showing  that  certain  tracts  had  their  trophic  centre  below; 
this  constitutes  secondary  ascending  degeneration].  [(3)  Gudden's  Method. — He  showed, 
a^  regards  the  brain,  that  excision  of  n  srn^c  organ  in  a  young  growing  uuimal  was  followed  by 
atrophy  of  the  nerve  fibres  and  some  other  part5  connected  with  it.  Thus,  the  qjtic  nerve  and  anterior 
corpora  quadrigemina  atrophy  after  excision  of  the  eyeball  in  young  rabbits.]  I4)  Embryological. 
—  Hechsig  showed  that  the  (ibres  of  Uic  cord  [and  the  brain  also]  during  development  became 
eovered  with  myelin  at  diflereni  jieriods,  those  fibres  becoming  medullated  latest  which  had  the 
longest  course.     In  this  way  he  mapped  out  the  foUowii^  systemi : — 

Flechsig's  Systems  of  Fibres. — i .  In  the  anterior  column  lie  {a)  the  un- 
crossed, anterior,  or  direct  pyramidal  tract  [also  called  the  Colmnn  of  Turcfi\  ; 
and  external  to  it  is  {b)  the  anterior  ground 
bundle,  or  anterior  ratiitular  %one  (Fig.  454).  Fic.  454. 

[The  direct  pyramidal  tract  varies  in  size,  and  it  a..      *» 

generally   extends    downward    in    the    cord    to 
about  the  middle  of  the  dorsal  region,  diminish-      £ 
ing  steadily  in  its  course;  so  that  it  would  seem 
that  this  tract  contains  chiefly  fibres  for  the  arm. 
Wc  do  not  know,  exactly,  how  these  6bres  end, 

whether  they  cross  to  the  opposite  side,  or  re-  ft  i  ^  M^^F^W  /  4 

main  on  the  same  side,  btit  most  probably  most  ^^    '■         m^y^^-J^t- «_ 
of  them  pass  through  the  anterior  comraisstirc  to 
the  gray  mailer  of  the  opposite  side.] 

2.   In  the  posterior  column  he  distingtiishes  •"  ^kw 

tV)  GoU's  column,  or  X\\t  postero- median  (pos-  ^ 

lero-intcrnal)   column  ;    and    (r/)    the    funicu-  di 

lus  cuneatus.  BurdaciCs  column,  ox   the /^j- ^''^^  <>;.;»- -^'''l*^  .^."J^/ 
terior   raJtcuiar   zone,    or     the     tostero-externai       part  ih  the  cnty  mmici.   v,  amcrior.  *w. 

.  pMicHor.  rooi :    .1,  direct,  and  g,  L-Tow(mi, 

iOlUfttH.  pvrwmid;)!     trecu;     (•.    amerinr     cnlumn 

■i.  In  [he  lateral  column  are  (e-)  the  antero-       k">""''  t"""i'« ;  ;■  ^'»'''*  ">i"«"';  -'.p^ 

,*',  .,-i«/»  ■•  i«ro-ejcteni»l    cnlitma;     t   ami/,   mixed 

lateral    tract,   and  ij)    the    lateral  mixed       uumipAthi^;  i&,dinctccrcbcUaiumct>. 
paths,  or  iaierai  limitiftf:  traei,  (g)  the  lateral 
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[All  the  impulses  from  the  central  convolutions  or  motor  ar«ia  of  the  ccrebfum, 
hy  means  of  which  voluntary  movements  are  executed,  are  conducted  by  the  pyra 
midal  tracts  a  and^'  (^  365).  The  fibres  in  these  tracts  descend  from  the  ceuir 
convolutions,  /.  e.,  the  motor  areas  [>ass  through  the  white  matter  of  the  ucrcbnim, 
converging  like  the  rays  uf  a  fan  to  the  internal  capsule,  where  they  lie  in  the 
knee  and  anterior  two-thirds  of  its  posterior  segment  (the  fibres  for  the  face  at  the 
knee,  and  Ifehind  this  in  order  lhi>se  for  the  arm  and  leg),  they  then  enter  the  middle 
third  of  the  crusta  (Fig.  502,  Py),  pass  through  the  pons  into  the  anterior  pyramids 
of  the  medulla  oblongata,  where  the  great  mass  crosses  over  to  the  lateral  column 
of  tiie  opposite  side  of  the  cord  (crossed  pyramidal  tract;,  a  small  part  de->cen 
ing  in  the  cord  on  the  same  side  as  the  antero-median  tract  (direct  pyramid 
tract,  a).  The  crossed  pyramidal  tract  lies  external  to  the  posterior  half  of  the 
gray  matter  in  the  lateral  column  (Fig.  454, /;,  and  it  extends  throughout  the 
length  of  the  cord-  In  the  greater  part  of  its  course,  it  issc])aratcd  from  the  surface 
by  the  direct  cerebellar  tract,  but  where  the  latter  lies  fiirther  forward,  as  at  the 
third  r.ervical  segment  and  lower  dorsal  region,  its  posterior  surface  reaches  the 
surface,  while  from  the  last  dorsal  segment,  throughout  the  lumbar  region,  it  coma 
quite  to  the  surface,  as  the  direct  cereit>ellar  tract  ceases  at  the  first  lumbar  vertebm 
The  jiyramidal  tract  diminishes  from  above  downward,  and  its  fibres  jjass  into  the 
gray  matter  of  the  anterior  cornu,  and  in  all  ]>robabiitty  they  subdivide  to  form  fine 
fibrils,  which  become  connected  with  the  dense  plexus  of  fine  fibrils  produced  hir 
the  subdivision  of  the  processes  of  the  multipolar  nerve  cells.  From  each  roulti*^ 
polar  nerve  rcll.  a  ner\'c  fibre  proceeds  and  passes  into  the  anterior  root.  Tht- 
direct  cerebellar  tract  {h)  l>egins  about  the  first  lumbar  ner\e,  and  inc: 
somewhat  in  thickness  from  below  upward,  but  most  of  its  fibres  enter  it  at  thefi 
lumbar  and  lowest  don>aI  nerves.  It  forms  a  thin  layer  on  the  surface  of  the  cord.] 
Its  fibres  very  probably  arise  in  the  cells  of  Clarke's  column.  As  Clarke's  colum 
is  connected  with  some  of  the  fibres  of  the  posterior  root  (for  the  trunk  of  the' 
body),  it  follows  that  this  tract  connects  certain  parts  of  the  posterior  roots  with 
the  cerebellum.  The  fibres  pass  up  through  the  cord  and  rcstiforra  body  to  Ih 
cerebellum.  When  it  is  divided,  it  degenerates  upward,  so  that  it  conducts  im 
pulses  in  a  centripetal  direction.]  The  anterior  {e)  and  lateral  paths  (/)  and  t 
anterior  ground  bundle  {b')  represent  the  channels  which  connect  the  gray  matt 
of  the  spinal  cord  and  that  of  the  medulla  oblongata  ;  they  represent  the  channeb 
for  retlex  effects,  and  they  also  contain  those  fibres  which  are  the  direct  coniinuap 
tion  of  the  anterior  spinal  nerve  roots,  which  enier  the  cord  at  different  levels  and, 
penetrate  into  the  gray  matter.  In  e  and /there  are  some  sensory  f)aths.  lastly, 
<■  unites  the  iwsterior  roots  with  the  gray  nuclei  of  the  funiculi  graciles  of  the  medulla 
oblongata ;  d  connects  some  of  the  posterior  nerve  roots  through  the  restiform 
body  with  the  vermiform  process  of  the  cerebellum  K^Fiecksig).  The  direction  of 
conduction  in  the  posterior  columns,  which  are  continuations  of  some  of  the  fibres 
of  the  iK>sterior  roots,  is  upward,  as  part  of  them  degenerates  upward  after  section 
of  the  posterior  root.  Of  the  fibres  of  each  posterior  root,  some  pass  directly  into 
the  posterior  horn,  another  part  ascends  in  the  posterior  column  of  the  same  side, 
and  gradually  as  it  ascends,  it  comes  nearer  the  jiosterior  median  fissure.  Some  of 
these  fibres  enter  the  gray  matter  of  the  jxKterior  horn  at  a  higher  level.  T'he  fibres 
of  the  posterior  columns  run  upward  as  far  as  the  inter-olivar>'  layer  and  the  decus- 
sation of  the  pyramids,  where  they  seem  to  end,  or  at  least  form  connections  with 
the  nerve  cells  of  the  funiculi  graciles  [clava]  and  cuneati  [triangular  nucleus].  A 
small  part  as  arcuate  fibres  join  the  restiform  body,  and  thus  the  ceretiellum  is 
connected  with  the  posterior  columns. 

Further,  the  transverse  sectional  area  of  the  direct  and  crossed  pyramtdal  tracts  \a  uid/J.tlie 
lateral  cerebellar  tract  \h),  and  Goll's  column  (<)  gradually  diminish  from  above  doamward:  iImt 
&ervc  to  conned  intia-cnuiial  central  pans  with  the  ganglionic  centro  diittribtilcd  along  the  aptsal  eord. 
The  anterior  root  bundle  (^),  the  fumailus  cuneatus  (</),  and  the  anteriormixed  Uteral  tracts  {#)  my 
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in  dinmelcr  at  diflerrnt  puts  of  the  cord,  correspondinf  to  the  number  of  nerve  rods.  It  has  t>een 
concluded  from  this  that  these  tracts  serve  to  coonect  the  gray  matter  at  diHcrent  levels  in  (he  cord 
with  each  other,  and  ultimaicly  with  the  medulla  oblongata,  so  ibai  ihcy  do  not  pass  direclty  to  the 
higher  ports  of  the  liniin  [Mg,  +43). 

Nutritive  Centres  of  the  Conducting  Paths. — Tiirck  obscrvefl  lliat  the 
destruction  of  certain  parts  of  the  brain  caused  a  secondary  degeneration  of 
certain  parts  of  the  cord,  corresponding  to  the  parts  called  pyramidai  ira<ts  by 
Klechsig  (Fig.  455)-  ^'  Schieferdecker  found  the  sarae  effects  beiotv  where  he 
divided  the  spinal  cord  in  a  dog.  Hence,  it  is  concluded  that  the  nutritive  or  tro- 
phic centre  of  the  pyramidal  tracts  lies  in  the  cerebrum.  [Section  of  the  cord,  or 
an  injury  compressing  the  cord,  besides  giving  rise  to  loss  of  certain  functions 
(p.  69S),  ret^ults  in  stnictural  changes  in  certain  limited  areas  of  the  rord  itself. 
Below  the  section  after  a  time,  the  direct  and  crossed  pyramidal  tracts  {Fig.  455, 
I.  i',  a,  2')  degenerate  d<rwmvard^  i.  e.,  they  undergo  descending  secondary 
degeneration,  because  ihey  are  cut  off  from  their  nutritive  or  lro]>hic  centres, 
which  are  situated  above  in  the  pyramidal  cells  of  the  motor  areas  of  the  brain 
(§  37S).  The  trophic  centre  for  the  fibres  of  the  anterior  root  lies  in  the  raulli- 
jwlarnerve  cells  of  the  anterior  cornu  of  the  gray  matter  of  the  cord.  Afiersection 
of  the  spinal  cord,  Goll's  column  and  the  direct  cerebellar  tracts  degenerate 
upward,  i.  e.y  they  undergo  ascending  secondary  degeneration.  If  the  pos- 
terior columns  even  be  divided,  GoU's  column  degenerates  upward  toward  the 
medulla  oblongata,   and    the 

degeneration  ends  in  the  pos-  ^*°'  455* 

lerior  pyramidal  nucleus  or 
clava.  The  same  result  occurs 
if  the  posterior  nerve  roots  of 
the  Cauda  equina  be  injured. 
Hence,  fibres  seem  to  pass  from 
the  posterior  root  into  these 
columns,  and  the  nerve  cells 
in  the  rlava  must  also  have  an 
important  relation  to  these 
nerve  fibres  and  the  parts 
whence  they  are  derived.  The 
postero-exlernal  column  re- 
mains undegenerated,  so  that 
there  is  a  very  sharp  distinc- 
tion between  the  two  parts  of 
the  posterior  column.  As 
GoU's  column  degenerates  up- 
ward, it  points  to  its  fibres 
conducting  impulses  in  a  cen- 
tripetal direction,  and  to  the 
nutritive  centre  for  its  nerve 
fibres  being  l>elow.  The  trophic  centre  is  probably  in  the  spinal  ganglion  of  the 
posterior  root.] 

[If  the  cord  he  divided  above  the  junction  of  the  dorsal  and  lumbar  regions,  the 
direct  cerebellar  tract  undergoes  ascending  degeneration,  which  t-xtends 
through  the  restiform  body  to  the  cerebellum.  Its  trophic  centre  is  probably  in 
the  cells  of  Clarke's  column.]  Those  Bbres  of  the  spinal  cord  which  do  not 
degenerate  after  section  of  the  cord,  especially  numerous  in  the  lateral  and 
anterior  columns  [anterior  ground  bundle,  the  anterior  and  lateral  mixed  zones  of 
the  lateral  column,  and  the  post cro -externa I  part  of  the  posterior  column],  are 
commissural  in  function,  connecting  ganglionic  cells  with  each  other,  and  are, 
therefore,  provided  with  a  trophic  centre  at  both  ends. 
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Ttafuvcrse  »«ilon  of  ihe  *pin»l  cord,  »liQwiDg  ihe  i-ccoadxry  degi 

tinn  tnci«.  AR,  anieriar.  TH.^cmeriiar  root ;  i,  1' (CPT),  re^jron 
nf  thecToucd  pyratniiUl  imct ;  >,  3' (  UFT),  dirtxt  pynuniilal  met; 
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Time  of  Development. — WHh  regard  in  the  lime  of  dcvfflopairnt  of  ihe  liullTidMMl  mfH 
Flechsig  fiiiU^  that  the  dm  funned  paths  nrc  ihoM:  Wtwcen  the  peripbenr  antl  the  central  fray 
mutter,  especially  the  nirrre  reds,  i.  f.,  they  arc  the  fit-.t  lo  he  covered  with  the  myelin.  Tbeu  hotm 
which  connect  the  gray  mailer  at  different  levels  are  formed — Ihc  fibres  -which  conrtcct  the  nny 
moller  of  the  cord  with  the  cerebellum,  and  aUo  the  former  with  the  tc^H.-ti(ttni  of  the  ccraail 
fxxluiiclc.  At  la-.t  the  ribres  which  connect  the  gangUa  of  the  perfiincTilu^  cereliri,  ami  pcrbafak  alw 
the  gray  matter  of  the  cortex  cerebri  with  the  ^ray  matter  of  llie  cord  arc  fonned.  In  cases  ol  ooen- 
ccpholous  ftetuses,  i.  c,  where  the  cerehrum  is  absent,  neither  the  p)Tamiilal  tracts  nor  the  p\-fainuU 
are  developed.  In  the  train  befwe  birth,  medullated  nave  fibre*  are  formed  in  the  laarsccntral, 
centrali  aon  occipilnl  convolutions,  and  in  the  island  of  Reil,  and  laiit  of  all  in  the  frontal  convolo< 
lions  (  7"H<Bf*). 

360.  SPINAL  REFLEXES,— By  the  term  reflex  movement  is  mcinc  a 
movement  caused  by  the  stimulation  of  an  afferent  (sensory)  nerve.  'I*he  stimnhis 
on  being  applied  to  an  afferent  nerve,  sets  up  a  state  of  excircment  fncnooj 
impulse)  in  that  nerve,  which  state  of  excitement  is  transmitted  or  conducted  in  4 
*-^/r/r/jd<r/d/ direction  alonf;  the  nerve  to  the  centre  (spinal  cord  in  this  case)  ;  where 
the  nerve  cells  represent  the  nerve  centre  in  the  cord,  Ihe  impulse  i«  transferred 
to  the  motor,  efferent  or  centrifugal  channel.  Three  factors,  therefore,  are 
essential  for  a  reflex  motor  act — a  centripetal  or  afferettt fibre,  a  tmns/errittg  cemire, 
a  centrifugal  or  efferent  fibre ;  these  together  constitute  a  reflex  arc  (Fig.  456). 
In  a  purely  reflex  act,  all  voluntary  activity  is  excluded. 
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Scbsmeofa  reflentirc.  S,4kin;  M, 
nutcle.  N.  nerve  celt,  with  ftf, 
alTcrent,  and  t/,  effcreni  libret. 


SeciJon  of  a»plml  «cpncnl,  ihoy  injt  3  unil«iCT»l  ami  ciu— a 
reflex  «ct.  A,  anteridr,  aiuI  P,  pMtorior  viHbec:  M, 
autde.  S.ikiit:  O,  gAiiKlton. 


Reflex  movements  may  be  divided  into  the  three  following  groups : — 

I.  The  simple  or  partial  reflexes,  which  are  characterized  by  the  fact  that 
stimulation  of  a  sensory  area  discharges  movement  in  one  muscle  only,  or  at  IctlC 
in  one  limited  group  of  muscles.  Examples:  A  blow  upon  the  knee  caoKia 
contraction  in  the  quadriceps  extensor  cruris  ;  contact  with  the  conjunctiva  caxiBB 
closure  of  the  eyelids.  In  the  fonner  case,  the  afferent  channels  arise  in  the  tendon 
of  the  quadriceps,  and  the  efferent  channels  lie  m  the  nerve  which  supplies  tbc 
quadriceps ;  in  the  latter  case,  the  afferent  ner\e  is  the  5th  and  the  efferent  the  71I1 
cranial  nerve.  In  the  former  case  the  centre  is  in  the  lumbar  region  of  the  cofd  ; 
in  the  latter,  in  the  gray  matter  uf  the  medulla  oblongata. 

II.  The  extensive  inco-ordinate  reflexes,  or  reflex  spasms. — ^TbeK 
movements  occur  in  the  form  of  clonic  or  tetanic  contractions;  individual  groupi 
of  miLScles,  or  all  the  muscles  of  the  body  may  be  implicated.  Causes  :  A  reflex 
spasm  depends  upon  a  double  cause — (<i)  Either  the  gray  matter  or  the  spinal  cord 
is  in  a  condition  of  exalted  excHal>ilit)\  so  that  the  nervous  impulse,  after  having 
reached  the  centre,  is  easily  transferred  to  the  neighboring  centres.  ThisexceaEive 
excitability  is  produced  by  certain  poisons,  more  especially  by  stry^hniti,  brucU, 
caftein,  atropin,  nicotin,  carbolic  acid,  etc.  The  slightest  touch  applied  lo  an 
animal  ix)isoned  with  strychnin  is  sufficient  to  throw  the  animal  ac  once  iiitti 
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spasms.  Pathological  conditions  may  cause  a  similar  result;  thus,  there  is  exces- 
sive excitability  in  hydrophobia  and  tetanus.  On  the  other  l^nd.  the  central 
organ  may  be  in  such  a  condition  that  extensive  reflexes  cannot  take  place;  thus, 
in  the  condition  of  apncea,  the  spasms  that  occur  in  poisoning  with  strychnin  do 
not  take  place  {/.  Rosenthal  and  Leube),  and  the  same  result  is  brought  about  by 
l^assive  artificial  respiratory  movements  (§  361,  3).  The  performance  of  other 
passive  ]>eriodic  movements  in  various  pans  uf  the  body  also  produces  a  similar 
condition  i^Buchhehn).  If  the  spinal  cord  be  cooled  very  considerably,  reflex 
spasms  may  not  occur  {Kitnde).  (d)  Extensive  reflex  movements  may  also  take 
place  when  the  discharging  sfimuius  is  very  strong.  Examples  of  ihis  condition 
occur  in  man.  thus— intense  neuralgia  may  be  accomjianied  by  extensive  spasmodic 
movements. 

[Fig.  45S  ;^ow8  the  raccliani.sm  of  simple  and  complex  reflex  movements.  Supjiosc  the  -skin  XoW 
stimulated  at  i',  an  impulse  is  sent  to  A  nnd  from  it  to  a  muscle  l  on  the  some  side,  resiiltinjj  in  a 
anilatcral  •iimple  retlex  movement — the  re<n?<lancc  being  less  in  ih'vK  dirci^lion  Lh.in  in  llie  tAhvx 
channels.  If  ttic  impulse  be  stronger,  or  the  traiisverbe  resL-itance  in  the  cord  diniinishwl,  the 
impuUc  may  pass  to  B,  ihencc  to  2,  rcauliing  in  a  aymmetrical  reflex  movement  on  l»oth  si(lc». 
But  if  a  very  strong  imputst-  reach  the  cord,  or  if  the  cxcitabiUiyof  the  pay  matter  be  increased,  ^.^., 
by  strychnin,  the  resistance  to  the  dillmiou  of  llie  iinnuUc  is  dimini-.hcil,  and  it  [wsse*  upward  to  C 
and  D,  resuhing  in  more  complex  movements — thus  tliere  is  irradiation — or  it  may  even  affect  the 
centres  m  the  medulla  oblongata,  E,  giving  rise  to  general  convulsive  inoveincnts.] 

General  spasms  usually  msuifcsi  lhemHclve<i  oh  "  extensor  tetanus,"  because  the  exteusorit 
overcome  the  flexor  muscles.  Nerves  which  arise  from  the  mcxluUa  oblongata  may  he  excited 
through  the  .vtimulation  of  distant  ofrerenl  nerves,  without  general  spasms  being  produced. 

Strychnin  is  ihc  mo».t  powerful  reflex -producing  jxiison  we  [ossess,  and  it  acts  upon  the  gray 
nuUtcr  of  the  spinal  cord.     [An  annual  poisoned  with 

itrychnin  exhibits  tetanic  s|)a<>mson  the  application  of  Fli.;.  458. 

ttie  slightest!  stimulus.  All  the  muscles  Ijccomc  rigid, 
bnl  the  extensors  overcome  the  flexors,]  If  the  heart 
of  a  frog  be  ligatured,  and  the  ]3oi&on  afterward  :ip 
plied  directly  to  the  spinal  curd,  retlex  spabiub  ar.- 
produced,  proving  that  slrychnin  acts  upon  llie  spinal 
cord.  I>uriog  the  spasm  the  heart  is  arrested  in  dij>, 
lole,  owing  lo  the  .<>tmiutaiion  of  the  vagus,  white  (hf 
arterial  blood  pressure  is  greatly  increase:!,  owing  d- 
Hunulaiion  of  the  ceniraT  vasomotor  centres  of  tht: 
medulla  obkmgala  and  <>pinal  cord.  Mammnts  mny 
die  from  asphyxia  during  the  attack  ;  and,  after  Wt^'- 
doces,  death  may  occur,  owin^j  to  paralysis  of  ihf 
spinal  cord,  due  to  the  fre<iueinly  recurring  spa.sni- 
Fowls  are  unaffected  by  comparatively  large  dcwrs. 
f  We  can  prove  that  slrychnin  doss  not  produce  spasms 
by  acung  on  the  brain,  muscle,  or  nprve.  DeNtroy  the 
brain  of  a  frog,  divide  one  wiatic  nerve  high  up,  and 
inject  a  small  dose  of  strychnin  into  the  dorsal  lymph 
sac;  in  a  few  minutes  all  the  muscles  of  the  bodv, 
except  those  sup|>lied  by  the  divided  nerve,  will  be  in 
spasm,  showing  that,  although  the  poii<oned  blood  has 
circulated  in  the  nerves  and  muscles  of  the  leg,  it 
doci  not  act  on  ihcm.  Destroy  the  spinal  conl,  and 
the  ipasioK  cease  at  once.] 

Summation  of  Stimuli. — By  this  term 
is  meant,  tliat  a  single  weak  stimulus,  vvhicli 
in  itself  is  incapable  of  discharging  a  reflex 
act,  may,  if  repeated  suflicienily  often,  pro-  Stneme  01  mucn;  <j 
duce  this  act.  'I*he  single  inijmlscs  are  con- 
ducted to  the  s]>inal  cord,  in  which  the  pro- 
cess of '*  summation  "  takes  place.  According  to  J.  Rosenthal,  3  feeble  stimuli 
per  second  are  capable  of  producing  this  effect,  although  lO  stimuli  per  second  are 
most  effective.  On  increasing  the  number  of  stimuli  per  second,  no  further 
increase  of  the  reflex  act  is  i)ossible.     Other  observers  (S/ir/in^,  IVart/)  have  found 


|iro]ui^Uuii  lit  ictlcx  morc- 
mcnl*.  P,  «kiQ :  A,  U,  L',  D,  notor  cells  i" 
lt|}inxl  cord  ;  1,-4,  i.  4,  ;,  inU!^l««. 
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that  stimuli,  such  as  induction  shock<;,  are  active  within  much  wider  limits,  r.  g,^ 

from  0,05  to  0.4  second  interval,     W.  Stirling  has  shown   it  to  he  extremely  prob" 
able  that  all  reflex  acts  are  due  to  the  rei*ctition  of  impulses  in  the  nerve  centres. 

[Strychnin  interftfres  with  the  summatioa  of  stimuli,  but  the  rtflex  exciulnllty  U  so  ereatly  c»Uod 
that  a  minimal  uiniulus  i;*  al  the  btime  timi.-  a  tnftximal  one.] 

PflUger's  Law  of  Reflex  Actions. — u)  Tlie  rctlcx  muvemrnl  o:cunt  on  fhr  tarn* tiit  on  wUct 
the  wrtison-  nerve  is  stimulated;  while  only  tliose  muscles  conlrict  whiisc  nrrve*  Brijc  from  tl 
s^ment  of  the  spinal  cord.     \z)  If  the  reflex  occur  on  the  othtr  wJe.  only  the  cnm 

muscle;.  coau*act.     (3)  If  the  contractions  be  unequnl  upon  the  two  sides,  then  ihc  nyjri 

contractions  alwuv^  occur  on  tlie  si:le  whi;:h  is  Emulated.  (4)  If  the  retlex  exciiemoDt  vxteni)  t<7 
other  motor  ner\'e4,  those  nervtf>  are  nlwayn  affected  which  lie  in  the  direction  of  the  medulU  obk»- 
gala.      I.iwlly,  till  (he  muscles  of  the  body  may  be  thrown  Into  cootiactioiL 

Crossed  Reflexes. —  I'hrrc  arc  cxception>  Xn  the*e  rule*.     If  the  rejjion  of  (he  ejrc  be  IniMcd 
in  a  frog  who»c  cerebrum  ib  removed,  there  t»  frequently  a  reflex  contraction  in  the  hin-1  '  '^i'-  ••'  *Vr- 
opposite  side  {^Luehsm^rr^  Lani^endorffY     In  beheaded  Iriton*  on  I  lurloiM-s,  and  vn  <1 
i<ed  dogs  and  cols.  ticllUng  one  fore  limb  is  frequently  foUovred  by  a  m»vo<neni  of  (he  ii 
the  opposite  side  \^Luchsmi;er).     Tht.s  phenomenon  is  called  a  "  crossed  reflex  "  ^l*ie.  45;i- 
the  spinal  cord  be  divided  along  the  middle  line  throughout  iti  entire  e\(eni,  then,  of  ccutbc, 
ie(1cxe:>  ore  contined  to  one  sitit  only  {Sckiff"). 

III.  Extensive  co-ordinated  reflexes  are  due  to  stimulation  of  a  sen 
nerve,  causing  the  discharge  of  complicated  reflex  tnovements  in  whole  groups 
different  mascles,   the  movements  being  "purposive  "   in  character,  i.  ^.»  as 
they  were  intended  for  a  jxirtictjlar  purpose. 

Methods. — The  experiments  arc  made  u|X)n  nfiJ-ihodfii  animah  (dccoptt&ied  or  pithed  fr«fit 
tortuiMTii,  or  eels)  or  u]k>ii  m<tmm>sls.  In  the  latter,  artificial  rcspiralion  Vk  kepi  up,  aod  tbt  few 
ancries  going  to  the  head  an.*  ligainred,  in  order  to  eliminate  the  action  of  the  brain  (5*^  MMyft, 
Luchsittger).  Tlie  reflexes  of  ihv  lower  jwrt  of  the  spinal  con!  may  l>e  htudied  on  animxl»  tor  rom  , 
in  cases  where  the  !spinnl  ccrd  is  divided  transversely  in  the  upper  donal  region.  In  such  caicii,  1 
some  tiro;  muu  elapse  in  ordfr  that  the  primiry  effect  of  th?  le«ion  Uhe  so-called  «hock>,  whkfc  | 
usually  c3U<ies  o  diminution  of  the  reflexes,  miy  pass  off.  Very  young  mammaU  exhibit  reAexo  ior 
0  considerable  time  after  they  are  beheaded. 

Examples  :  1.  The  protective  movements  of  pithed  or  decapiiaictl  frogs.  [If 
a  drop  of  a  dilute  acid  be  applied  to  the  skin  of  such  a  frog,  immediately  it  siriirc% 
to  get  rid  of  the  offending  body,  and  it  generally  succeeds  m  doing  so.]  Similarly, 
it  kicks  against  any  fixed  body  pushed  against  it.  These  tnovements  are  sa  fwr- 
posive  in  their  character,  and  the  actions  of  groups  of  muscles  arc  so  adjusted  to 
perform  a  particular  act,  that  Pfliiger  regarded  them  as  directed  by,  and  due  to 
*'  consciousness  of  the  spinal  cord.  If  a  flame  be  applied  to  the  side  or  port  01'  I 
the  body  of  an  eel,  the  body  is  moved  away  from  the  (lame.  The  tail  of  a  decapi- 
tated tnton,  tortoise,  newt,  eel,  or  snake  is  directed  toward  a  gentle  stimulus,  but 
if  a  violent  stimiiliLS  is  used,  it  is  directed  away  from  it  {Luchsiftger), 

2.  Goltz's  Croaking  Experiment. — A  pithed  (male)  frog,  /.  ^-,  one  with  its 
cerebral  lobes  alone  removed  (or  one  with  its  eyes  or  ears  destroyed — Lamgrnd^f), 
croaks  every  time  the  skin  of  its  back  or  flanks   is  gently  stroked.     [Sotiwrnalc 
frogs,  when  held  up  by  the  finger  and  thumb  immediately  behind  the  fore  legW^H 
croak  every  time  gentle  pressure  is  made  on  their  flank.]  ^| 

3.  Goltz's  "  Embrace  Experiment," — During  the  breeding  season  in 
spring,  the  part  of  the  body  of  the  male  frog  between  the  skull  and  the  fotirth 
vertebra,  embraces  every  rigid  object,  which  is  brought  into  contact  with,  and 
gently  stimulates,  the  skin  over  the  sternum. 

In  the  in/act  animal,  the  exciung  stimulus  lies  in  the  degree  of  fiUing  of  the  mole  leauial  cr^ 
(  Tankanoff).     The  rcllex  ceases  at  once  on  gently  stimulating  the  optic  lobes  {^At&ttttni), 

4.  In  mammals  (dogs),  the  following  reflex  acts  are  performed  by  the  jxjslcrio 
part  of  the  spinalcrjrd,  even  after  it  is  separated  from  the  rest  of  the  cord  :  ScntcM 
in^  with  the  hind  feet  a  jart  of  the  skin  which  has  been    tickled  (just  as  io  LatacU 
animals)  ;  the  movements  necessary  for  emptying  the  bladder  and  for  defscatioOiT 
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well  as  those  necessary  for  erection ;  the  movements  necessary  for  parturition 
\Goitt,  Freusberg  and  Gerg^ns).  Coordinated  movements  do  not,  as  a  rule,  occur 
simultaneously  in  portions  of  the  spinal  cord  lying  widely  apart  after  removal  of 
the  medulla  oblongata.  According  to  Ludwtg  and  Owsjannikow,  the  medulla 
oblongata  jierhaps  contains  a  reflex  organ  of  a  higher  order,  which  fonns,  as  it 
iRrere,  a  centre  for  combining,  through  the  medium  of  the  nerve  fibres,  the  various 
Teflex  provinces  in  the  spinal  cord. 

5.  Coordinated  reflexes  may  occur  in  man  during  sleep,  and  during  patho- 
logical comatose  conditions. 

Mo«  of  th«  movemerits  whicb  we  perfonn  while  we  tre  awAke,  and  which  we  execute  uneon> 
•ciously — or  even  when  our  ]»ych[cal  octivitieit  are  concentrated  upon  Bomc  other  object — really 
belong  to  the  catt^jjory  of  coflrdinaied  reflexes.  Many  complicated  roolor  acts  must  first  be  learned 
—^.^.,  dancing,  sUatrog,  riding,  walking — before  unconscious  harmonious  coordinated  reflexes  can 
^ain  be  duchnrged.  The  coordinated  rcfiex  movements  of  coughing,  &Deeziiig,  nod  vomiting 
depend  upon  the  spinal  cord,  Ic^ether  with  the  medulla  oblongata. 

The  following  facts  are  also  important : — 

1.  Reflexes  are  more  easily  and  more  completely  discharged,  when  the  specific 
end  organ  of  the  afferent  nerve  is  stimulated,  than  when  the  trunk  of  the  ner\'e 
is  stimulated  in  its  course  {Afarshal/  Ha/I,  1837).  [Thus,  by  gently  tickling  the 
«kin,  it  is  easy  to  discharge  a  reflex  act,  while  it  requires  a  strong  stimulus  to  be 

[applied  to  an  exposed  sensory  nerve  in  order  to  do  so.1 

2.  A  stronger  stimuius  is  required  to  discharge  a  reflex  movement  than  for  the 
<lirect  stimulation  of  motor  nerves, 

3.  A  movement  produced  reflcxly  is  of  shorter  duration  than  the  corresponding 
movement  executed  voluntarily.  Further,  the  occurrence  of  the  movement  after 
the  moment  of  stimulation  is  distinct/y  delayed.  In  the  frog,  a  period  nearly  twelve 
times  as  long  elapses  before  the  occurrence  of  the  contraction,  than  is  occupied  in 
the  transmission  of  the  impulse  in  the  sci^sory  and  motor  nerves  (//>ArtA^//:,  1854.) 
Thus,  the  spinal  cord  offers  resistance  to  the  transmission  of  impulses  through  it. 

The  term  "reflex  lime"  is  applied  to  the  time  necessary  for  transferring  the  impulse  from  (he 
WTerent  tibre  to  the  nerve  cells  of  the  cord,  and  from  them  to  the  efferent  (ilirc.  In  the  frog  it  ia 
«qaal  to  o.ooK  to  0,015  second.  The  lime,  however,  is  tncrca:ied  by  almost  one-third,  if  the  impulse 
pass  to  the  olkfr  side  of  the  cord,  or  if  it  piss  nlong  the  cord,  e.  ^.,  from  the  sensory  nerves  of  the 
tnicrior  extremity  to  the  motor  roots  of  the  posterior  limb.  Heat  diminishes  the  reflex  lime  and 
Jncrea»cs  the  reflex  cxcitaUili;y.  I/iwering  the  temperature  (winter  frogs),  as  well  as  the  reflex- 
cxciling  poisons  already  mentioned,  Unj^theta  the  reftt.x  ttmt,  while  the  reflex  excitability  ts  simulta- 
neously increased.  (Conversely,  tlic  reflex  time  diminishim  as  the  strength  of  the  stimulus  increases, 
md  it  may  even  liecome  of  minimal  duration  (/.  A'ojen/hal).  The  reflex  lime  is  determined  hy  ascer- 
(iining  the  moment  at  which  tht  sensory  nerve  is  iliinulated,  and  the  subsequent  contraction  occurs, 
Dedact  from  this  the  time  of  latent  stimulation  {{  298,  I},  and  the  lime  necessnry  for  the  conduction 
of  the  impulse  (J  29S1  in  the  afferent  and  efferent  nerves  [i:  HelmholltyJ.  Rosmthal,  Exnfr^lVtindt\. 
I  [Influence  of  Poisons. — Tltc  latent  period  and  reflex  time  are  Influenced  by  a  lar^e  Duml>er  of 
konditions.  In  a  research  as  yet  unpubHsheJ,  \V.  Stirling  linds  that  the  latent  period  may  remain 
nearly  constant  in  a  pithed  frog  for  nearly  two  days,  when  tested  by  TUrcV's  method.  Sofiic  chloride 
does  no*  influence  the  time,  nor  does  Jodic  bromide  or  iodide.  Potassic  chloride,  however,  laigihcns 
it  enormoojily,  or  even  otxiUshes  reflex  action  after  a  very  short  lime,  and  so  do  polasHic  bromide, 
ammonium  chloride  and  bromide,  chloral  and  croton-chloral.  The  Uthla  salts  also  lengthen  the 
Rflex  time,  or  abolish  the  reflex  act  after  a  lime.] 

'  361.  INHIBITION  OF  THE  REFLEXES.— Within  the  body  there 
ire  mechanisms  which  can  suppress  or  inhil>it  the  discharge  of  reflexes,  and  they 
may  therefore  be  lerttied  mechanisms  inhibiting  tlie  reflexes.  These  are; — 
I,  Voluntary  Inhibition. — Rcfiexcs  may  be  inhibited  voluntarily,  both  in  the 
region  of  the  spinal  cord  and  brain.  Examples  :  Keeping  the  eyelids  oix-n 
when  the  eyeball  is  touched  ;  arrest  of  movement  when  the  skin  is  tickled.  We 
most  observe,  however,  that  the  suppression  of  reflexes  is  possible  only  up  to  a 
certain  point.  If  the  stimulus  be  strong,  and  repeated  with  suflicient  frequency, 
Uic  reflex  impulse  ultimately  overcomes  the  voluntary  cflTort.  It  is  impossible  to 
44 
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suppress  those  reflex  movements  which  cannot  at  any  time  be  ])erformed  volunUmly. 
Tims,  erection,  ejaculation,  parturition,  and  the  movements  of  the  iris,  arc  neither 
direct  voluntary  acts,  nor  can  they,  when  they  arc  excited  reflcxly,  be  suppressed, 
by  the  will. 

3.  Setschenow's  inhibitory  centre  is  another  cerebral  apparatus,  whic 
in  the  frog  is  placed  in  the  optic  lobes.     If  the  optic  lobes  be  separated  from 
rest  of  the  brain  and  spinal  cord,  by  a  .section  made  below  it,  the  reflex  excitabill 
is  increased.     If  the  lower  divided  surface  of  the  optic  lobes  be  stimulated  withl 
crystal  of  common  salt  or  blood,  the  reflex  movements  are  suppressed.     The 
results  obtain  when  only  one  side  is  o[)erated  on.     Similar  organs  arc  supposed 
be  present  in  the  corpora  quadrigemina  and  medulla  oblongata  of  the  higher  ve 
brates.     From  i  and  2  we  may  explain  why  reflex  movements  occur  more  rcguUrljr 
and  more  readily  after  separation  of  the  brain  from  the  spinal  cord. 

[Quinine  greatly  diminblic?  the  rcHex  exciinbitity  in  the  froe,  but  if  the  medoIU  oblon|;iti  \>e 
divided,  the  rctlcx  excitabiliiy  of  the  cord  t.s  re»torcd.  The  dqwcokm  u  ucribod  by  Cha}icrofl  to 
the  action  of  the(]uiniite  un  ScischcnowV  centres.] 

3.  Strong  stimulation  of  a  sensory  nerve  inhibits  reflex  movements.    TV 
reflex  does  not  take  place  if  an  afferent  nerve  be  stimulated  very  powerfully  [G^ 
Lcwisson).    Examples :  Suppressing  a  sneeze  by  friction  of  the  nose  [compre&iQ|l 
the  skin  of  the  nusc  over  the  exit  of  the  nasal  nerve];  suppression  of  the  move.] 
ments  produced  by  tickling,  by  biting  the  tongue.     Very  violent  stimulation  mf 
even  suppress  the  coordinated  reflex  movements  usually  controlled  byvolunlarrj 
impulses.     Violent  pain  of  the  abdominal  organs  (intestine,  uterus,  kidnevs,  bUdticr, 
or  liver)  may  prevent  a  person  from  walking  or  even  from  standing.     To  the  sane 
category  belongs  the  fact  that  persons  fall  down  when  internal  organs  richljTKip* 
plied  with  nerves  are  injured,  there  being  neither  injury  of  the  motor  ner\es  nor  lo* 
of  blood  to  account  for  the  phenomenon.     Excitement  of  the  central  organs  ihn>ugh 
other  centripetal  channels  (nerves  of  s])ecial  sense,  and  those  of  the  geoerative 
organs)  diminishes  the  reflexes  in  other  channels. 

4.  It  is  importznt  to  noic  that  in  the  suppression  of  reHcxes,  antagonistic  muactes  are  ofUs 
thrown  into  action^  whether  voluntarily  or  by  the  stimulation  of  iicnsory  nerves,  i.  e.,  icflcktjp.  Ib 
some  cases,  in  order  to  cause  suppression  of  the  reflex,  it  Bppciu-.<i  to  be  sufficieot  to  direct  ovAOaCtai 
to  the  execution  of  such  a  complicated  xcficx  act.  Thus,  some  persunx cannot  sneeze  when  thr^  tfaiai 
intentJy  upon  this  act  itiietf  {Vanttin).  The  voluntary  impulse  rapidly  reaches  the  rellex  ccDtre,od 
bfginb  to  influence  it  so  that  the  nonno]  course  of  the  reHex  stimulation,  due  to  on  impulic  fruv  ^ 
periphery,  is  interfered  with  {Sck/osser). 

5.  Poisons. — Chloroform  diminishes  the  reflex  excitability  by  acting  upon  tbe 
centre,  and  a  similar  effect  is  produced  by  picrotoxin,  morphia,  narcotin.  thcbiir., 
aconitin,  quinine,  hydrocyanic  acid.  [W.  Stirling  finds  that  chloral,  potaaic 
bromide  and  chloride,  ammonium  chloride,  but  not  sodium  chloride,  greatly  dinuo-  j 
ish  the  reflex  excitability.     Nicotin  increases  it  in  frogs  {J^reusl>erg).'\ 

A  constant   current  of  electricity  passed  longitudinally  through  the  corf 
diminislies  the  reflexes  {/iankf],  especially  if  the  direction  of  the  current  is  fto^j 
above  downward  {Legros  and  Onifnus,  Uspensky). 

[Some  drugs  affect  ihc  reflex  excitability  directly  hy  acting  on  the  spinal  cord,/.^..  methylM^ 
but  other  drugs  mny  produce  the  same  result  indirectly  hy  ftffcciini;  the  heart  kk\  the  blooaimfr 
10  the  cord.      If  the  abdoimnal  aorta  of  a  rabbit  be  conipreswd  fur  a  few  minutes  to  cut  off  tb<  l^fV  J 
of  blood  to  the  cord  and  lower  limbs,  temporary  paraplegia  is  produced.J  | 

If  fro^  be  asphyxiated  in  air  deprived  of  all  its  O,  the  brain  and  sj>ina1  cord  become  cdmfMdIf  I 
unexcitable,  antl  can  no  lonjrer  dischar^  rellex  acts.  The  motor  nerves  and  the  miucles,  boi«t**4| 
suffer  very  linie,  and  may  retain  their  cxcitat>ility  for  many  days  {AM^ert).  1 

[Nature  of  Inhibition. — Tlic  furct^oing  view  assumes  the  existence  of  inhibitory  centrta,  bO  Kill 
im)>ortnnt  lo  point  out  that  it  kis  been  attempted  to  explain  ihi^  phenomenon  without  potliiladnf  Ac 
existence  of  inUibiutry  centres.  I)iiTing  inhibition  the  function  of  an  organ  i«  re^niiaed— ^Vi^ 
naralpia  it  \%  aboliKheH,  *o  that  there  is  a  sharp  distinction  between  the  two  conditions  llic  mkO 
between  inhibitory  pherK>mena  and  the  ctTccis  of  iutcrfcrcncc  of  waves  of  light  or  sound  b**  ha 
pointed  out  by  Bnnard  and  Romanes,  while  Lauder  UnuMon  hu  tried  to  explun  ibe  {jDOliia  m  ' 
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pbystcol  basis,  indicsting  that  inhihittnn  k  nm  drp«ndent  oa  ihe  etUteoce  of  special  inhiliHory  Cf  ntns, 
Dtt  thai  stimulation  aikd  inbJI/illuii  sre  dilferetit  phases  of  excitement,  tlie  two  ternu  bein^  relitive 
coodtlions  ilcprndinj;  on  the  lcn)^h  of  the  {laih  along  whidi  the  impale  ha»  to  intvel  and  the  rale  of 
its  transmission.  Flninlnn  pcMnLt  out  that  the  Icnown  facts  are  more  cnnsi^ent  with  an  hypothesis  of 
the  inlcrfervncr  of  waves  t'ne  w  llh  another,  ihoii  with  the  suppinsttion  ihal  they  arc  inhibitor)'  centres 
lor  every  so-called  Inhibiioiy  act  in  the  body.  In  discusaing  this  (lueition  great  regard  mna  be  had 
to  the  action  of  the  vagus  on  the  heart  (S  369).] 

Tiirclc's  method  of  testing  the  reflex  cxcitahilit)'  of  a  frog  is  the  following:  A 
frog  is  piiheil,  and  after  ii  has  recovered  from  the  shork,  its  Tool  Is  dipj>ed  into 
diiutf  sulphuric  acid\i  \^x  1000].  The  time  which  ela]ifies  between  the  leg  being 
dipped  in  and  the  moment  it  is  withdrawn  is  noted.  [The  time  may  be  estimated 
by  means  of  a  metronome,  or  the  movements  may  be  inscribed  upon  a  recording 
surface.     The  time  which  elapses  is  known  as  the  "  |3criod  of  latent  stimulation.'*] 

This  time  is  greatly  prolonged  after  the  ojKic  lol>e9  have  been  stimulated  wHh  ■  crystal  of  common 
•alt  or  blood,  or  after  the  stimulation  of  a  sensory  nerve. 

Setschenow  distinguished  tactile  reflexes,  which  are  discharged  by  sttmulalion  of  the  ntrvtt »/ 
loMck;  and  pathic,  which  arc  due  to  &iimuta(ion  of  sensory  (paio-conducting)  fibres,  lie  and 
Pascbuiin  suppose  that  the  tactile  reflexes  arc  suppressed  by  voluntary  impulses,  and  the  palliic  by 
the  centre  in  the  optic  lobes. 

Theory  of  Reflex  Movementa. — The  following  theory  has  been  propounded  to  account  ior  the 
phenomena  already  described :  It  is  xuumcd  that  the  tx^trtnl  fibre  wiihin  the  gray  matter  of  the 
Hiinal  cord  joins  one  or  more  nerve  celU,  and  thua  ^s  placeil  in  communication  in  all  dirrctioas  with 
tM  network  fif  fibrea  in  the  gray  suL&uncc  Any  impulx  reaching  the  gr.iy  matlcr  of  the  cord  luu 
to  overcome  considerable  resistance.  The  least  resi&taiure  liu  in  the  direction  of  those  tffertni 
fibies  which  emerge  in  the  same  plane  and  upon  the  j^me  side  on  the  entering  fil>re.  Thus,  the 
feeblest  stimulus  gi»fes  rise  to  a  simpU  reffex,  which  generally  is  merely  a  ample  protective  movement 
for  the  port  of  the  skin  which  is  nimulaicd.  Still  greater  resistance  is  op|X)-*ed  in  the  direction  of 
other  motor  ganglia.  If  the  reflex  impulse  is  to  pass  to  these  ganglia,  other  the  dischArging  stimutHS 
mast  be  con»iderably  inereatfif,  or  the  resistanie  wiihin  the  connections  of  the  ganglia  of  the  gray 
matter  roast  be  JimimisAed.  1  he  laucr  comlilion  i^  ptothiccd  bv  ihc  nclion  of  the  al)Ovc-named 
poisons,  as  well  as  during  general  incrca-scd  nervous  cxcitAbihty  (hysteria,  nervousness),  lliu*, 
extensive  reflex  i^uums  may  be  jHoiluccd  either  by  increa.iing  the  stimulus,  or  by  diminishing  the 
resistance  to  conduction  in  the  spinal  cord,  llime  conditions  which  render  the  occurrence  of  rctlexea 
more  difficult,  or  abolish  them  ahogelher,  must  be  regardn]  as  increasing  Ihr  resistance  in  the  reHex 
arc  in  the  cord.     The  aaioti  of  the  reflex  inhibitory  mechanism  may  be  viewed  in  a  similar  manner. 

Tlic  flbres  of  tlie  reflex  luc  must  have  a  connection  willi  the  reflex  inbibitury  paths;  we  must 
assume  that  equally  by  the  rellcx  inhibitory  slimulatiun  resistance  is  introduced  into  the  reflex  arc. 
The  explanation  of  fxftnsh'f  covrtHnaUi/  mifx^frntnts  a  accompanied  with  ditfaculties.  It  is  asniroed, 
that  by  use  and  also  by  heredity,  lho«>e  ganglionic  celU  which  are  the  first  to  receive  the  impulse  ore 
placed  in  the  path  of  least  resistance  in  connection  with  iliose  cells  which  transfer  the  impulse  to  the 
groupa  of  muscles,  whose  contraction,  resulting  in  a  coiWinated  purposive  movement,  prcTcnts  the 
body  or  the  limb  from  being  affected  by  any  injurious  influences. 

Pathologicml. — Anomalies  of  rrflcx  activity  afksrd  an  important  field  to  the  physician  in  the 
invcMigation  of  nervcnis  diseases.  Bnfeeblement,  or  even  compete  abolition  of  the  reflexes  may 
occur:  (I)  Owing  10  diminished  seiuibiliiy  or  complete  insensibihiy  of  the  nfferent  fibres;  (2)  (n 
analogous  affections  of  the  central  ocgmn ;  ( j)  or,  lastly,  of  the  eflferent  filnrs.  Where  there  it  general 
dcpresaioa  of  the  nervous  activity  (as  after  shocks,  coropresiion  or  Intlaiamaiion  of  the  centred  nervous 
organa;  in  asphyxia,  in  deep  coma,  and  in  cunsequeiKic  of  the  action  of  many  poisons),  the  reflexes 
may  be  greatly  diminished  or  even  abolished. 

[Reflexes. — The  physician,  by  sttidying  the  condition  of  the  reflexes,  can  form 
an  idea  as  to  the  condition  of  practically  every  inch  of  the  spinal  cord.  There  are 
three  grouf^s  of  reflexes,  (0)  the  superficial,  (A)  the  deep  or  tendon,  (r)  the 
organic  reflexes.] 

[The  superficial  or  skin  reflexes  are  excited  by  stimulating  the  skin,  e.  g.^ 
by  tickling,  pricking,  scratching,  etc.  We  csin  obtain  a  series  of  reflexes  from  below 
as  far  up  as  the  lower  pan  of  the  cervical  region.  'I*hc  plantar  reflex  is  i>biained 
by  tickling  the  soles  of  the  feet,  when  the  leg  on  that  side,  or,  it  may  be,  both  legs 
are  drawn  up.  It  is  always  present  in  health,  and  its  centre  is  in  the  lumt^ 
enlargement  of  the  cord.  The  cremasteric  reflex  is  well  iitarked  in  boys,  and  ia 
easily  produced  by  exciting  the  skin  on  the  inner  side  of  the  thigh,  when  ihe  testicle 
on  thai  side  is  retracted.     The  gluteal  reflex  consists  in  a  contraction  of  the  gluteal 
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muscles,  when  the  skin  over  the  buttock  is  stimulated.  The  abdominal  rcAct 
consists  in  a  similar  contraction  of  the  abdominal  muscles,  when  the  skm  over  the 
alxdoraen  in  the  mammary  line  is  stimulated.  The  epigastric  rcfieit  is  ot>un>pi 
by  stimulating  the  skin  in  front  Iwtwccn  the  fmirth  and  sixth  ribs.  The  isttcr- 
acapular  reflex  results  in  a  contraction  of  the  muscles  attached  to  the  scspi^ 
when  the  skin  between  the  scapula  is  stimulated.  Its  centre  corresponds  to  thr 
lower  cervical  and  u])i)er  dorsal  region.] 

[The  following  table,  afier  (jowers,  shows  tlie  relation  of  each  reflex  to  the  spiaal  tt^^tm  m 
segments  on  which  it  depends: — 
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Another  important  diagnostic  reflex  is  the  *'  abdominal  reflex,*'  which  i 
in  this,  that  when  the  skin  of  the  abdomen  is  stroked,  ^.^.,  with  the  handki 
percussion  hammer,  the  abdominal  muscles  contract.  When  this  reflex  is  itacal 
on  both  sides  in  a  cerebral  aflection,  it  indicates  a  diffuse  disease  of  the  bra"*  ■•■ 
absence  on  one  side  indicates  a  local  affection  of  the  opposite  half  of  ihv 
The  cremasteric,  conjunctival,  mammillary,  pupillary,  and  nasal  r  > 
may  also  be  specially  investigated.  In  hemiplegia  complicated  with  cerebral  h>,  ■-.-, 
the  reflexes  on  the  paralysed  side  are  diminished,  while  not  unfrcqucntly  the  ;j^  *- 
reflex  may  lie  increased.  In  exfrnsive  cerebral  affections  accompanied  by  cvn-i  r^ 
reflexes  are  absent  on  both  sides,  including,  of  course,  those  of  the  anus  and  hliiid0 
(O.  Rosfnbach). 

[Ilor^lcy  finds  thai  in  the  deepest  narcosis  produced  l>y  niirotis  oxide  ^u  the  supenicul  r^Usa 
(r.f .,  plantar,  conjunctival)  arc  nlx^tijilicd.  while  the  ilccp  (knee  jcrk^  nnnatn.  Anxmta  of  tike  la^ 
enlargement  (compression  of  the  abdominal  aorta)  causes  di<appcaranca  of  both  reBexcs  j/VfM#f 
Chloroform  and  os-phyxia  abnlish  llic  deep  as  well  as  the  }<u[K:>rf]cinl  tdlexes.  I^orsley  it^irdiAt 
to-caUed  deep  reBcx  or  knee  jerlc  not  as  depending  on  a  centre  in  the  cord,  but  th«  cooOiCDx' 
the  rectus  femoiis  is  due  to  local  irrtiatiun  of  the  miucte  from  sudden  elont^ion.] 

Deep  or  Tendon  Reflexes. — Under  pathological  conditions,  special  attesticn 
is  directed  to  the  so-calle<l  tendon  reflexes,  which  depend  upon  the  fact  that  a  biw 
upon  a  tendon  j/.^.,  the  quadricejis  femoris,  tendo-Achilles,  etc.)  discharges  a 
contraction  of  the  corresponding  muscle  {IVfs/pha/,  £r6,  1875).  Tbe  ptteltat 
tendon  reflex  (also  oiUed  "  knee phtnomfttofi*')  or  simply  *'  knee  reflex,"  or  "knee 
jerk,"  is  invariably  absent  in  cases  of  ataxic  tabes  dorsalis,  while  in  sjastic  spnal 
paralysis  it  is  abnormally  strong  and  extensive  {Erb").  [The  "  knee  jcrk"rf 
elicited  by  percussing  the  ligamentum  patellae,  and  is  due  to  a  imgU  s|u*iro  of  \\^ 
rectus.  The  latent  period  is  0.03  to  0.04  second,  and  it  is  argued  by  Waller  ifld 
others  that  it  is  doiibifiit  if  this  tendon  reflex  is  subserved  by  a  sjnnal  ncnousin. 
while  admitting  the  effect  of  the  spinal  cord  in  modifying  the  res|Kmsc  of  ^ 
muscle.]  Section  of  the  motor  nerves  abolishes  the  patellar  phenomenon  in  r»W)ib 
iSchuitt),  and  so  does  section  of  the  cord  op]>ositc  the  5lh  and  6U1  lumbar  vcnrbrx 
{Tsc/iir/ew).  Landois  finds  that  in  his  own  person  the  contraction  occurs  0.04^ 
second  after  the  blow  upon  the  ligamentmn  i>atell».  .'\ccortiing  to  Waller.  'J* 
patellar  reflex  and  the  tendo-Achilles  reflex  occur  0.03  to  0.04  second,  and  accofdic^ 
to  Kulenburg,  0.032  second  after  the  blow.  .-Vccording  to  Wcstplial.  lhc<  p^ 
nomena  are  not  simple  reflex  processes,  but  complex  conditions  intimately  depcndca: 
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the  muscle  tonus^  so  that  when  the  tonos  of  the  quadriceps  femoris  is  dimin- 

d,  the  phenomenon  is  abolished.     In  order  that  the  phenomenon  may  take 

e,  it  is  necessary  that  the  outer  part  of  the  posterior  column  of  the  spinal  cord 
main  intact  {IVfsffha/).  [The  knee  jerk  can  be  increased  or  reinforced  by 
ililional  acts  directed  lo  other  [jar Is  of  the  body,  e.g.,  by  exercising  vohmlary 
essure  with  tlie  hand  {/emirdssik).'\     [A  "jaw  jerk"  is  obtained  by  suddenly 

lepressing  the  lower  '}avr(Gawfrjf  Sgrvor^  and  De  iVattri'iiif)^  and  the  last  observer 
irds  that  the  latent  period  is  0.02  second,  and  if  this  l>e  the  case,  it  is  an  argument 
ainst  these  so-called  "tendon  reflexes"  being  true  reflexes,  and  that  they  are 
irect  contractions  of  the  muscles  due  to  sudden  stimulation  by  extension.] 
\  [Method. — -The  knee  jerk  is  easily  elicited  by  striking  the  patellar  tendon 
irith  the  edge  of  the  hand  or  a  percussion  hammer  when  the  leg  is  semi-flexed,  as 
when  the  legs  are  hanging  over  the  edge  of  a  table  or  when  one  leg  is  crossed 
Over  the  other.  It  is  almost  invariably  present  in  health,  but  it  becomes  greatly 
Laggerated  in  descending  degeneration  of  the  lateral  columns  and  lateral 
lerosis.  ] 

[Ankle  clonus  is  another  tendon  reflex,  and  it  is  never  present  in  health.     If 

e    leg  be  nearly  extended,  and  pressure  made  upon  the  sole  of  the  foot  so  as 

iddenly  to  flex  the  foot  at  the  ankle,  a  series  of  (5  to  7  per  second)  rhythmical 

:ontractions  of  the  muscles  of  the  calf  lakes  place.     Gowers  describes  a  modi- 

ication  elicited  by  tapping  the  muscles  of  the  front  of  the  leg,  the  ** front-tap 

>n/racthn.**     Ankle  clonu^i  is  excessive  in  sclerosis  of  the  lateral  columns  and 

>tic  paralysis.] 

t  [In  "ankle  clonus"  excited  by  Kudden  passive  flexioa  of  the  fcxJt,  there  is  a  multiple  spasm  of  the 
IfKstrncocmiiu.  Itcre  also  the  latciil  penod  is  about  o.Oj  to  0.04  second,  and  the  rhythm  8  to  lo  jicr 
Epcond.  This  slion  latent  period  has  led  some  observers  to  doubt  the  esKnilally  retlex  natnre  of 
Biu  acL} 

It  When  we  are  alwut  to  sleep  (§  JI74),  ihere  is  fir^t  of  all  a  temporary  increase  of  the  reflexes ;  in 
&e  hni  klerfj  the  rcflexei  nrr  dimini^hti).  and  (he  puptU  are  contracted,  [n  dt-cp  »lecp  the  abdoini> 
Bal,  crema-vieric,  and  patellar  reOcxes  ate  aliment;  while  tickling  the  soles  of  the  feel  and  the  no»e 
BDly  acts  when  the  stimulus  i>t  of  a  certain  inicn&ily.  In  narcosis,  e.  ^''..  chloroform  nr  morphia,  the 
ptdotniDal,  then  the  conjunctiva]  and  patellar  rellexea  disappear;   lastly,  the  pupils  contract  {O. 

Abnormal  increase  of  the  reflex  activity  tnually  indicates  an  increase  of  the  excitability  of  the 
reflex  centre,  although  an  abnormal  sensibility  of  ihc  aftercnt  nerve  may  be  the  cause.  As  the  har- 
nmninu.'t  (^[uililiriiiin  of  the  volutilan-  movements  is  Inrgi'iy  iicpen<Jcnl  u|mi  and  re^tilaled  by  the 
rertcKCA,  it  is  evident  ih.it  in  aflTeciions  of  the  spinal  cord  there  are  fre'iiieni  disturlwnccs  of  the  vol- 
mitiiry  movements,  e.  .f.,  the  characteristtc  disturbance  of  motion  in  ottempling  lo  wnlk,  and  in  grasp- 
ing; nwtvemr-nls  exhibited  by  persons  sulTering  from  ataxic  tatics  dor^talis  [or,  as  it  is  more  generally 
called,  locotHotar  a/axia'\. 

[The  organic  reflexes  include  a  consideration  of  the  acts  of  micturition,  erec- 
tion, ejaculation,  def:ecation,  and  those  connected  with  the  motor  and  secretory 
digestive  processes,  respiration,  and  rirculation.j 

362.  CENTRES  IN  THE  SPINAL  CORD.— Centres  capable  of  being 

excited  rcflexly,  and  which  can  bring  about  the  discharge  of  certain  complicated, 
yet  well  roordinatcd,  motor  acts  exist  in  various  |iarts  of  the  spinal  cord.  They 
still  retain  their  activity  after  the  spinal  cord  is  separated  from  the  medulla 
oblongata ;  further,  those  centres  lying  in  the  lower  part  of  the  spinal  cord  still 
retain  their  activity  after  being  separated  from  the  higher  centres,  but  in  the  normal 
intact  body,  they  are  subjected  10  the  control  of  higher  reflex  centres  in  the  medulla 
tibion^ata.  Hence,  we  may  si>eak  of  them  as  subordinate  spinal  centres.  The 
^erehrum  also,  partly  by  the  production  of  perceptions,  and  partly  as  the  organ  ol 
krolition,  can  excite  or  suppress  the  action  of  certain  of  these  subordinate  spinal 
centres.     [For  the  significance  of  the  term  "  Centre,"  see  p.  675.] 

I.  The  cilio-spinat  centre  connected  with  the  dilatation  of  the  pupil  lies 
in  the  lower  cervical  part  of  the  cord,  and  extends  downward  lo  the  region  of  the 
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ist  to  the  3d  dorsal  vertebra.     It  is  excited  by  diminution  of  light ;  hotA  pojp 
alwa>'s  react  simultaneously,  when  one  retina  is  shaded.     Unilateral  cxtirpationj 
this  part  of  the  spinal  cord  catises  contraction  of  the  pupil  on  the  same  side, 
motor  fibres  pass  out  by  the  anterior  roots  of  the  two  lower  cer\'ical  and  two  tipp«^ 
dorsal  nerves,  into  the  cervical  sympathetic  C§  392).     Even  the  idea  of  darkr 
may  sometimes,  though  rarely,  cause  dilatation  of  the  pupil  i^Buifge). 

Id  goats  md  cats,  this  centre,  even  after  being  separated  from  the  meduIU  oblongiU,  caa 
excited  directly  by  dyspiKric  blood,  and  also  reilcxly  \jy  the  stimulation  of  Mtuory  nervt*,  ^.g^ 
median,  e^pecinUy  wtien  the  reflex  cKcitabdity  of  the  cord  is  increased  by  ihe  uiioo  of  1 
alropin  [LtuAjiNj^'tr).     l-'oi  the  dilator  centre  in  the  medulU  obloDgaU,  sec  ^  367.  8, 

2.  The  ano-spinal  centre,  ur  centre  controlling  the  act  of  defxcation.    "7^^ 
afferent  nerves  lie  in  the  hemorrhoidal  and  inferior  mesenteric  plexuses,  the  cctxt^ 
at  the  5th  (dog)  or  6th  to  7th  (rabbit)  lumbar  vertebra  i  the  efferent  libres  anV 
from  the  pudendal  plexus  and  pass  to  the  sphincter  muscles.     For  the  relation  of 
this  centre  to  the  cerebrum,  see  §  160.     After  section  of  the  spina)  cord  [in  dogj], 
Goltz  observed  that  the  sphincter  contracted  rhythmically  upon   the  finger  intr^. 
duced  into  the  anus  ;  the  coordinated  activity  of  the  centre,  therefore,  would  xcvfl 
to  be  possible  only  when  the  centre  remains  in  connection  with  the  brain.  ^H 

3.  The  vesicospinal  centre  for  regulating  micturition,  or  Budge's  vesico- 
spinal centre.  The  centre  for  the  sphincter  muscle  lies  at  the  5th  (dog)  orthe  jth 
(rabbit)  lumbar  vertebra,  and  that  for  the  muscles  of  the  /J/aa'^/fr  somewhat  higher. 
The  centre  acts  only  in  a  properly  coordinated  way  in  connection  with  thebnin 
(§  280). 

4.  The  erection  centre  also  lies  in  the  lumbar  region  (§  436).  The  afferent 
nerves  are  the  seuMJry  nerves  of  the  penis ;  the  efferent  nerves  for  the  deep  artery 
of  the  penis  are  the  vaso-dilatoi  nerves,  arising  from  the  ist  to  3d  sacral  n«Tr>, 
or  Eckhard's  ncrvi  erigentes — while  the  motor  nerves  for  the  ischio-cavcnwmi 
and  deep  transverse  perineal  muscles  arise  from  the  3d  to  4th  sacral  nerves  ($3561. 
The  latter  may  also  be  excited  voluntarily,  the  former  also  partly  by  the  bnio,  b» 
directing  the  attention  to  the  sexual  activity.  Eckhard  observed  erection  lotilic 
place  after  stimulation  of  the  higher  regions  of  the  spinal  cord,  as  well  asof  the 
pons  and  crura  cerebri. 

5.  The  ejaculation  centre.  The  afferent  nerve  is  the  dorsal  of  the  penis,  Uif 
centre  (Rudge'scerebro-spinal  centre)  lies  at  the  4th  lumbar  vertebra  (rabbit); ibr 
motor  fibres  of  the  vas  deferens  arise  from  the  4th  and  5th  lumbar  nerves,  which 
pass  into  the  sympathetic,  and  from  thence  to  the  vas  deferens.  The  motor  filtfct 
for  the  bulbo-cavernosus  muscle,  which  ejects  the  semen  from  the  bulbofllic 
urethra,  lie  in  the  3d  and  4th  sacral  nerves  (perineal). 

6.  The  parturition  centre  lies  at  the  tst  and  ad  lumbar  vertebrae  (|  453)t 
the  afferent  fibres  come  from  the  uterine  plexus,  to  which  also  the  motor  fil»ro 
procet*d  (Kdrner).  Goltz  and  Freusberg  observed  that  a  bitch  became  pregwii 
after  its  spinal  cord  was  divided  at  the  ist  lumbar  vertebra. 

7.  Vasomotor  Centres. — Both  vasomotor  and  vaso-dilator  centres  arc  dis- 
tributed iliroughout  the  whole  spinal  axis.  To  them  belongs  the  centre  for  the 
sp/fett,  which  in  the  dog  is  opposite  the  ist  to  4th  cervical  vertebra:  {Bulioi)- 
They  can  be  excited  rcflexly,  but  they  are  also  controlled  by  the  dominili'i 
centre  in  the  medulla  oblongata  (§  371).  IVychical  disturbance  (cerebrum)  iflfc- 
cnces  them  (§  377). 

[8.  Perhaps  there  are  vasodilator  centres  (§  372).] 

9.  The  sweat  centre  is  perhaps  distributed  similarly  to  the  vasomotor  ceol^ 
(§  288). 

The  reflex  movement  diicbargcd  from  these  centres  are  orderly  coanliooted  reilcacs.  aaJ  ^ 
llius  l»c  compared  lo  the  orderly  reflexes  of  the  trunk  and  cKlremities. 

Muscle  Tonus. — Formerly  automatie  functions  were  ascrit>ctl  to  the  spinal  cord,  one  of  lk<* 
being  that  it  caused  a  moderate  active  tension  of  tlie  muscles— a  condition  thai  was  tenncd  aW 
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\t,  or  tonus.  The  existence  of  tonus  in  a  striped  muscle  was  thought  to  be  proved  by  the  F^ct  that, 
■hen  such  >  muscle  was  divided,  its  ends  retracted.  Thts  is  due  merely  to  the  fact  thnt  alt  the 
.scles  are  stretched  slightly  beyoi)d  their  noiinal  length  (ij  301).  Even  ijorily^ed  muscles,  which 
,vc  loit  their  muscular  lone,  show  the  same  phenomenon.  I-'ormexly,  the  stronger  contraction  of 
in  muscles,  after  paralysis  of  their  antagonists,  and  the  retraction  of  the  facial  mitscle^s  to  the 
iound  side,  after  poralysii  of  the  facial  nerve,  were  also  rcEarrled  as  due  to  tonus.  Tliis  result  is  due 
to  the  fact  tliat,  during  the  activtiy  of  (he  intact  muscles,  the  other  ones  have  not  suHhcient  power  to 
p^ore  the  part^  to  llieir  noniial  median  position.  The  following  experiment  of  Aucrboch  and  Hei. 
^nhnin  U  ngain<(t  the  assumiition  of  a  chronic  contraction  :  If  the  muscles  of  the  leg  of  a  dccapi* 
twed  frog  be  stretched,  it  b  found  that  ihe>'  do  not  elongate  after  section  of  the  sciatic  nerve,  or  after 
it  is  paralysed  by  touching  it  with  ammonia  or  carlxilic  acid. 

Reflex  Tonus.— If.  however,  a  decapitated  frt^  be  suspended  in  an  abnennal  potution,  we 
hbscrve,  after  section  of  tlie  sciatic  nerve,  or  the  posterior  nerve  roots  on  one  aide,  that  the  leg  on 
hang^  limp,  while  the  leg  of  ih-  sound  side  is  slightly  retracted.     The  sensory  nerves  of  the 
slightly  and  continually  .stimulated  by  the  weight  of  the  limb,  so  that  n  slighl  reflex  relrac- 
Icg  takes  place,  which  di*iap[>car.s  ns  soon  as  the  sensory  nerves  of  the  leg  are  divided.     Il 
to  call  this  slight  retraction  tonus,  then  it  is  a  reOex  touus  {BronUg/eil).     (See  the  experi- 
fJarUxi,  C.  Ludwig,  and  Cyon — \  355-1 

363.  EXCITABILITY  OF  THE  SPINAL  CORD.— Even  at  the 
present  time  observers  are  by  no  means  agreed  whether  the  spinal  cord,  like 
peripheral  nerves,  is  excitable,  or  whether  it  is  distinguished  by  the  remarkable 
peculiarity  that  most  of  its  conducting  paths  and  ganglia  do  not  react  to  direct 
tiectricai  and  mechanical  st  iniuli. 

It  is  contended  by  some  obser>'er5  that  if  stimuli  l>c  cautiously  applied  either  to  white  or  gray 
natter,  there  i<  neither  movement  nor  sensation  (  Van  Dten  (1S4I)  Brawn-S^ifuara).  Care  must  be 
hkcn  not  to  stimulate  the  roots  of  the  sjMnal  nerves,  as  tlieK  respond  at  once  to  stimuli,  ami  thus 
nay  give  rise  to  movements  or  sensations.  As  the  spinal  cord  conducts  to  the  brain  impuUes  com- 
Uuuicaled  to  it  from  the  Hlimulattxl  posterior  roota,  but  docs  not  it.>tclf  rcs[X)nd  lo  stimuli  which  pro- 
lace  sensaltotia,  SchifT  has  ap^ilied  to  it  the  term  "  Eestheaodic."  Furiher,  as  the  cord  can  conauct 
iMh  voluntary  and  reflex  motor  impiihes,  without,  however,  it.sclf  beitig  affected  by  iDOtor  impulses 
pplied  to  it  directly,  he  calls  il  "  kinesodic." 

SchifTs  views  are  as  follows  :  — 

X.  In  the  posterior  columns  the  sensory  root  fibres  of  the  posterior  root 
rhich  traverse  these  columns  give  rise  to  painful  impressions,  but  the  proper  paths 
)f  the  posterior  columns  themselves  do  not  do  so.  The  proof  that  stimulation  of 
lie  posterior  column  produces  sensory  impressions,  he  finds  in  the  fact  that 
dilatation  of  the  pupil  occurred  with  every  stimulation  (§  292).  Removal  of 
he  posterior  column  produces  anxschesia  (loss  of  tactile  sensation).  Algesia 
or  the  sensation  of  pain]  remains  intact,  although  at  first  there  may  even  be 
iyperalgesia. 

2.  The  anterior  columns  are  non-excitable,  both  for  striped  and  non-striped 
Utiscle,  as  long  as  the  stimuli  are  applied  only  to  the  proper  paths  of  this  column. 
But  movements  may  follow,  either  when  the  anterior  nerve  roots  are  stimulated, 
or  when,  by  the  escape  of  the  current,  the  jjusterior  columns  are  affected,  whereby 
reflex  movements  are  produced. 

According  to  Scbiff,  therefore,  all  the  phenomena  of  irritation,  which  occur  when  an  uninjured 
eonl  is  stimulated  (spasms,  contracture),  are  caused  either  by  simultaneous  stimulation  of  the  anterior 
roots,  or  ore  reflexes  from  the  posterior  columns  atone,  or  simultaneously  from  the  posterior  columns 
and  the  posterior  roots.  Dis<?ases  affecting  only  the  anterior  nnd  lateral  columns  atone  never  produce 
symptoms  of  irritation,  but  always  of  paralysis.  In  complete  an-Tstbesia  and  apncea,  every  form  of 
stimulas  i^  quite  inactive.  According  to  Schifl's  view,  all  centres,  both  spina!  and  cerebral,  are 
incxcitablc  by  nrtificini  means 

Direct  Excitability. — Many  observers,  however,  oppotiC  these  views,  and  contend  that  the  spinal 
cord  is  excitable  to  direct  stimulation.  Fick  observed  movements  to  lake  place  when  he  stimu- 
lated tlie  white  columns  of  the  cord  nf  a  frog,  isolated  for  a  long  distance  so  as  to  avoid  the  escape 
<Of  the  stimulating  currents.  Sirolinin,  also,  who  stimuL-iied  the  tmn.sversc  section  of  the  frog's  cord 
from  point  to  point,  oUaincd  contraction  of  the  mu<icl&>  l)oih  tnr  mechanical  and  electrical  stimuli. 
Biedermann  comes  to  the  following  conclusions;  Tlie  transverse  section  of  a  motor  nerve  is  most 
'excitable.  Weak  stimuh  (descending  opening  shocks)  excite  the  cut  surface  of  the  tr.\nwer»ely 
divided  spinal  cord,  but  do  ntx  act  when  applied  fuKher  down.     Luchsinger  asserts  that,  after  dipping 


696 


HYPER-CSTHESIA. 


the  anterior  port  or  a  beheaded  snake  into  warm  w«ter,  the  reflex  morctnenla  of  the  Uffier  put  of 

the  cord  an*  aUiHshcd,  while  the  direct  cxciiabiUty  remains. 

3.  Excitability  of   the   Vasomotors.— The  vaso-constrictor    nerve*. 

which  proceed  frotn  the  vasomotor  centre  and  run  downward  in  the  lalenJ 
columns  of  the  cord,  are  excitable  by  all  stimuli  along  their  whole  course  ;  direct 
stimulation  of  any  transverse  section  of  the  cord  constricts  all  the  blood  vesKls 
bflow  the  point  of  section  {C.  Ludwi^  and  Thiry).  In  the  same  way,  the  fibre* 
which  ascend  in  the  cord>  and  increase  the  action  of  the  vasomotor  centre — 
ptessor  fibres,  are  also  excitable  {C  Ludwi^  and  Dittmar — §  364,  10).  StimuU- 
tion  of  these  fibres,  although  it  affects  the  vasomotor  centre  reflexly,  does  not 
cause  sensation. 

4.  Chemical  stimuli  such  as  the  application  of  common  salt,  or  wetting  the 
cut  surface  with  blood,  appear  to  excite  the  spinal  cord. 

5.  The  motor  centres  are  directly  excited  by  blood  heated  above  40'  C, 
or  by  asphyxiated  blood,  or  by  sudden  and  complete  anemia  of  the  cord  prodtKod^ 
by  ligature  of  the  aorta  (Sipn.  Mayer)  \  and  also  by  certain  poisons — picrotoxio, 
nicotin,  and  compounds  uf  barium  {Luchsinger), 

Action  of  Blood  and  Poisons. — In  experiments  of  this  kind,  the  spina)  rotd  ought  to  be  dMdal 
at   ihe  1st    ltitn)>[ir  vertulira,  at  least  twenty  hours  Ifefbrc  the  cx|)crimenl    is  b^;;un.      It    is  well  to 
divide  the  pcMtcrior  roots  beforehand  to  avoid   reflex  movemenLt.     If,  in  a  cat  ihas  oprraled 
dyspnaa  be  produced,  or  its  blQ64  ovtrheatfti^  then  spasms,  tentrattion  0/  the  vtssefs,  and 
0/  sweat  fxc^v  in  the  hind  limbs,  together  with  evacuation  of  the  contents  of  the  bladdew  aod 
while  there  are  movenient!*  of  the  uterus  and  vas  deferent.     Some  poisons  act  in  a  similar 
In  animals  with  the  medulla  obloogatn  divided,  rhythmical  respiratory  inove-mmt*  inay  t*e  | 
if  the  spinal  cord  has  been  previoiuly  rendered  very  sensitive  by  strychnin  or  overheated  tdocd 
Rokiiansky,  xk  Sehroff—\  36*). 

Tlie   ganglion   cells   of  the  anterior   cornu   can   be   excited   mechanicaU 
{Birge'),  and  according  to  Biedermann  the  gray  matter  also  responds  to  elect 
stiinnh'. 

Hypersesthesia. — After  unilateral  section  of  the  cord,  or  even  only  of  the 
posterior  or  lateral  columns,  there  is  hypertesthesia  on  the  same  side  below  ibc 
point  of  section  {Fod^ra,  1823,  and  others),  so  that  rabbits  shriek  on  the  slightest 
touch.  The  phenomenon  may  last  for  three  week.s,  and  then  give  place  to  normal 
or  sub-normal  excitability.  On  the  sound  side  the  sensibility  remains  iierruancDtly 
diminished.  A  similar  result  has  been  observed  in  cases  of  injury  in  man.  An 
analogous  phenomenon,  or  a  tendency  to  contraction  in  the  mitscles  below  the 
section  (hyperkinesia),  lias  been  observed  by  Brown-S^iuard  after  section  of  tl 
anterior  columns. 

The  excitability  of  the  cord  is  intimately  dependent  on  the  continttance  of  the 
circulation,  for  ligature  of  the  abdominal  aorta  rapidly  paralyses  the  lower  extremi- 
ties {S/enson,  1667),  due  to  anxmia  of  the  cord  {Schiffer).     Later,  the  anteri< 
roots  of  the  spinal   nerves,  and  the  anemic  part  of  the  gray  matter  of  the  cord, 
undergo  degeneration. 

364.  THE  CONDUCTING    PATHS    IN    THE    SPINAL  CORD.      , 

— ^[Posterior  Root. — (>)  The  inner  part,  or  internal  radicular  fasciculus  -^ 
is  supposed  to  convey  the  impressions  from  tendons  and  those  for  totich  2nd  ^ 
locality.  When  the  postero'external  column  is  diseased,  3a  in  locomotor  a.uxu,  ^ 
the  deep  refle.\es,  especially  the  patellar  tendon  reflex,  are  enfeebled,  or  it  may*^ 
be  abolished,  while  the  implication  of  the  fibres  of  the  internal  fascicultis  givesa^ 
rise  to  severe  pain,  {h)  The  outer  radicular  fibres  enter  the  gray  roalcei  —  1, 
of  the  ix)5terior  horn,  and  are  supposed  to  convey  the  impressions  for  cutaneov^vm 
reflexes  and  temperature.  (/)  The  central  fibres  pass  directly  into  the  gi»j^'  ^ 
matter,  and  are  supposed  to  conduct  painful  impressions  into  the  gisy  mattes^ 
(Fig.  449)] 

I.  Localized  tactile  sensations  (temperature,  pressure,  and  the 
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sense  impressions)  are  conducted  upward  through  the  posterior  roots  to  the 
ganglia  of  the  posterior  cornu.  and  lastly  into  the  posterior  column  of  the  same 
side. 

In  man,  ihe  conduciing  path  from  the  legs  nios  in  Coil's  column,  while  those  Ibr  the  armi  run 
in  the  ^rannd  bundle  (Ft^.  454)  {Fierhtig).  In  rabbits,  the  pnth  of  localized  tociitc  impresnons 
li»  in  the  lower  dorsiU  region  in  the  Inlcrnl  columns  {f.t*tfu'ig  anJ  Worouhiloff,  0{t  amii  Mendt' 
Smilh\. 

Anjesthesia. — ^Section  of  individual  pans  of  (he  lateral  columns  n)>oli<ihr4  the  srnsihiltty  for 
the  parts  of  the  skiu  connccte«l  with  the  part  dcslroyed,  wliile  lulsl  section  [nxluces  the  same 
rcsuU  for  the  whole  of  tlie  upjiosite  Mdc  of  the  body  hclow  the  section.  The  condttton  where  tactile 
atKl  muscular  senstbiU'y  is  lost  i:-  known  a<t  an^stkesia. 

Localized  voluntary  movements  in  man  are  conducted  on  the  same  side 
through  (he  anterior  and  lateral  columns  (§§  35S  and  365).  in  the  parts  known  as 
the  pyramidal  tracts.  The  impulses  then  [>ass  into  the  cells  of  the  anterior 
cornu,  and  thence  to  the  corresponding  anterior  nerve  roots  to  the  muscles.  'ITie 
exact  section  experiments  of  Ludwig  and  Woroschilofi"  showed  that,  in  the  lower 
dorsal  region  of  the  rabbit,  these  paths  were  confined  to  the  lateral  columns. 
Kvery  motor  nerve  fibre  is  connected  with  a  nerve  cell  in  the  anterior  horn  of  the 
frog's  spinal  cord  (i^tftt/f  <iW^;/;fc).  Section  of  one  lateral  column  aholif^hes 
voluntary  movement  in  the  corresiionding  individual  itiuscles  Iwlow  the  fwinl  of 
section.  It  is  obvious,  from  the  conduction  in  1  and  3,  that  the  lateral  columns 
must  increase  in  thickness  and  number  of  fibre*  from  below  upward  {StiUing^ 
Woroschihff)  [see  Fig,  443]. 

3.  Tactile  reflexes  (extensive  and  coordinated). — The  fibres  enter  by  the 
posterior  rtxtt,  and  proceed  to  the  posterior  cornu.  The  groups  of  ganglionic 
cells,  which  control  the  coordinated  reflexes,  are  connected  together  by  fibres 
which  run  in  the  anterior  tracts,  the  anterior  ground  bimdle  and  (?)  the  direct 
cerebellar  tracts  (p.  684).  The  fibres  for  the  muscles  which  arc  contracted  pass 
from  the  motor  ganglia  outward  through  the  anterior  roots. 

In  atuuc  tabes  dorsalia,  or  locomotor  ataxia,  there  is  a  dt^cncralion  of  the  posterior  columns, 
chuacleriied  by  a  |K?ciiliar  motor  diMurtmnce.  The  voluntary  niovemenu  can  be  executed  with  full 
and  oormal  vt^or,  but  the  fmer  harmoniiius  adjiutments  vc  wonting  or  impaired,  both  in  intensity 
■t)d  r^trnt  I  iicsc  dqicnd  in  part  upon  the  noniul  exi.'^ience  of  tactile  and  moscutar  impre<aion.s, 
whose  channels  lie  in  tne  iKMterior  columns.  After  descneraiion  of  thr  latter,  there  it  not  only 
ana:>tliesia,  Irut  al>u  a  ilislurbance  in  the  discharge  of  tacttle  reflcxca,  for  which  tlie  centripetal  arc  t» 
inteiru[)ted.  But  a  simultaneottii  lesion  of  the  acnsocy  nerves  alone  may  in  a  similar  manner 
materially  influence  the  harmony  of  the  niovcmcots,  owutg  to  the  analgesia  and  the  disappearance 
of  the  I  ailiic  lefleXM  {\  355).  As  the  tihres  of  the  posterior  root  traverse  the  while  posterior 
columns,  we  can  account  for  the  disturbances  of  seniiation  which  charocterize  the  degcneraiioiu  of 
tbeM  parts  {Charcot  and  Piernt).  But  even  the  pMsierior  rootA  themselves  tnay  andc^o  dejfrncra- 
tion,  and  this  may  also  give  rise  to  disturbances  of  scruation  (p.  667).  The  Malory  diaurbance^ 
usually  consist  in  an  abnormal  increase  of  the  tactile  or  pamml  ^tualloiii,  with  lightning  [uuns 
shooting  down  the  timh^,  and  this  condiuon  may  lend  to  one  where  the  tactile  and  painful  wnsotions 
are  alKilished.  At  the  same  time,  owin^'  to  stiniulatinn  uf  Llic  postcrinr  columns,  the  tactile  sensi- 
btltty  is  attcml,  giving  rise  to  the  sensation  of  fnrmicotion,  or  a  feeling'  of  constriction  [**  girdle 
Mnaation  "J.  The  conduction  of  wntory  imprcssioni  is  often  tlowfd  {\  337 }.  The  sensibility  of 
the  muscles,  jnints,  and  internal  partis  is  altered. 

The  maintenance  of  the  equilibrium  is  largely  guided  by  the  inipul.<<5  which  travel  inward  to 
the  coordinating  ceiilrrs  through  ihe  staiMxy  nervc't,  s]*rria1  and  general,  deep  and  supcrlicial.  In 
many  cases  of  locomotor  ataxia,  if  the  patient  place  his  feet  clo»e  tcgether  and  close  his  eyrs,  he 
sways  frxim  t<ide  to  side  aiul  may  fiill  over,  becauM  by  cutting  olT  the  gu)<ling  sensations  oMainrd 
through  the  optic  nerve,  the  other  enfeebled  impulses  obiainM  t'rom  the  shin  and  the  deeper  strac- 
turcs  ate  too  feeble  lo  excite  propor  cuOrdinaUott. 

4.  The  inhibition  of  tactile  reflexes  occun  through  the  anterior  columns; 
the  impulses  pass  trom  the  anterior  column  at  the  corresponding  level  into  the  gray 
matter,  where  they  form  connections  with  the  reflex  conducting  apparatus. 

5.  'llie  conduction  of  painful  itnpressions  occunt  through  the  |K)sterior  roots, 
and  thence  through  the  whole  of  the  gray  matter.     There  is  a  partial  decussation 
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of  these  impulses  in  the  cord,  the  conducting  fibres  passing  from  one  side  to  th 
other.     The  fiiriher  course  of  these  fibres  to  the  brain  is  given  in  ^  365. 

ir  nil  tlie  gray  itmiter  be  flivtded,  except  a  small  connecting  portion,  ihi^  is  sufficicm  lo 
painfjl  imprcssinni..  In  Ibiji  case,  however,  ihc  canducUuu  a  j/mfrr  {SeAtJf),  (-Jnly  wlicw  llic  l 
matter  is  completely  divided,  i^  tUe  conduction  of  painful  imprcMions  from  below  ojniplrtclr  itit4 
runted.  ThU  ^Ives  lUe  lo  the  condition  of  analgesia,  in  which,  when  ihe  posterior  columiu  nre 
Slill  intact,  Uciite  imprejisions  are  siill  conducted.  This  condition  is  sonietiinei  observed  m  si«n 
during  incomplete  narcosis  from  chloroform  nnd  morphia  {'/tirrsfA).  Those  wiMflu  act  »t>mtr 
on  the  ncrvca  vkhich  administer  to  painful  scnsaiionii  than  on  ihoK  for  Uciilc  laiprcAHons,  io  thu 
the  person  operAted  on  is  conscious  of  the  contact  nf  a  knife,  but  not  of  the  painful  irnsations  cauu^l 
by  tlie  knife  dividing  the  pads.  As.  painful  impressions  arc  coiiductfd  by  the  whole  of  the  gny 
roolter,  and  as  the  impressions  are  more  (xiwcrful  the  stronjjcr  the  painful  miprruion.  we  miy  tho 
explain  Ihc  !>u  called  irradiation  of  painful  impresaions.  During  violent  paia,  the  pftin  iiecsm  le 
extend  to  wide  area.s;  thus,  in  vU>Icnt  luothachc,  jjrocccding  from  a  paniculor  tooth,  the  iwin  may  Iv 
felt  in  the  whole  jaw,  or  U  may  be  over  one  side  of  the  head. 

According  to  Itechterew,  the  paths  for  the  conduction  of  painful  impressions  Ue  in  the  ■nicfiai 
part  of  the  laieral  column  (dog,  rabliit). 

The  e.\pcrimciit<i  of  Weiss  on  do^s,  by  dividing  the  lateral  column  at  the  linul  of  the  (lot^al  aad 
lumbar  rc^jions,  showed  that  each  lateral  column  contains  sensory  filireii  for  ^i>/A  5ide».  The  duel 
mass  of  the  motor  tibres  remains  on  the  same  side.  Section  of  6p/A  UtcntI  columns  abolbtxa  con 
pletely  scnsibilitj-  and  motility  on  lx>ih  sides.  The  anterior  columns  and  the  gray  matter  are  ooi 
sulTicient  to  maintain  these. 

The  conduction  of  spasmodic,  involuntary,  in  co-ordinated  raovcmci 
takes  place  through  the  gray  matter,  and  from  the  latter  through  the  anierii 
roots. 

It  occurs  in  epilep^,  poisoning  with  strychnin,  uncmic  poisoning,  and  tetanus  ({  jte,  11).  Tk 
anxmic  and  d)-spncfic  spasms  arc  excited  in  and  ctmductcd  from  the  nuslulla  obkugata,  um)  cooaa 
nicated  ihrouyh  the  whole  of  the  groy  maucr. 

7.  The  conduction  of  extensive  reflex  spasms  takes  place  from  the  posterior 
roots,  perhaps  to  the  cells  of  the  posterior  cornu  and  then  to  the  cells  of  tfw 
anterior  cornu,  above  and  below  the  plane  of  the  entering  )mpul>«  (Fig.  4581, 
and.  lastly,  into  the  anterior  roots,  under  the  conditions  already  referred  to  in 
§  360,  II. 

S.  The  inhibition  of  pathic  reflexes  occurs  through  the  anterior  coluaai 
downward,  and  then  into  the  gray  matter  to  the  connecting  channels  of  the  rcfci 
organ,  into  which  it  introduces  resistance. 

9.  The  vasomotor  fibres  run  in  the  lateral  columns  (£)t//mar).  and,  after  thcf 
have  passed  into  the  ganglia  of  the  gray  matter  at  the  corresponding  level,  tlwy 
leave  the  spinal  cord  by  the  anterior  roots.  They  reach  the  muscles  of  the  blocd 
vessels  either  through  the  paths  of  the  spinal  nerves,  or  they  pass  through  tbt 
rami  coinmunicantcs  into  the  sympathetic,  and  thence  into  the  visceral  plcxuics 
(S  356). 

S<ctioM  of  the  ^nal  cord  paralvzcs  all  the  vasomotor  nerves  below  the  poinl  of  fcctioa;  *Mi 
stimuiatioH  of  thr  pcriphcml  rnd  of  the  iipiiial  cord  causes  contraction  of  all  titete  veswb^  [Olfi 
eiiperimenis  on  cats  show  thai  ihe  vasomotor  fibres  run  in  the  lateral  columns,  and  that  ihcyMtB 
a-i  the  sudorific  nervo  decuswtc  in  the  cord.] 

10.  Pressor  fibres  enter  in  the  posterior  roots,  run  upward  in  the  bterJ 
columns,  and  undergo  an  incomplete  derussjition  {^Ludwig  ami  Mieuker), 

'Iliey  ultimately  terminate  in  tlic  dommating  voiomotor  ctntrt  in  the  medulla  obloiigali<  vtiA 
they  excite  rcllexly,  Similarly,  deprestor  filmrs  mnsl  pass  upward  in  the  spinal  cord,  bat  «c  l9'>* 
nothing  as  to  their  course. 

XI.  From  the  respiratory  centre  in  the  medulla  oblongata,  respiratory 
nerves  run  downward  in  the  lateral  columns  on  the  same  side»  and  aflcr  funiiicj 
connections  with  the  ganglia  of  the  gray  matter  pass  through  the  anterior  roots 
into  the  motor  nerves  of  the  respiratory  muscles  {Schiff). 

Unilateral,  or  total  destruction  of  the  spinal  cord,  the  higher  up  it  is  done,  accordingljr  pmljF^ 
more  and  more  of  the  resfnratory  nerves,  on  the  same  or  on  both  sides.     Section  of  the  am  iM< 
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ibe  orifpn  of  the  phrenic  nerves  caoaea  death,  owing  to  the  paralysis  of  these  nerresol  the  diaphragm 

In  pathological  cases,  in  degeneraiion  of,  or  direct  injury  to,  the  spinal  cord  or  iu  individual 
puts,  we  niu»t  l>e  careful  to  obser^'e  whether  there  may  not  be  present  simultnncoualy  jjoralytic  and 
irritative  phenuintma,  whereby  the  symptoms  are  obscured. 

[Complete  transverse  section  of  the  cord  resiilts  immediately  in  com- 
plete paralysis  of  motion  and  sensation  in  all  the  parts  supplied  by  nen*es  below 
the  seat  of  the  injury,  although  the  muscles  below  the  injury  retain  their  normal 
trophic  and  electrical  conditions.  There  is  a  narrow  hypercesthetic  area  at  the 
upper  limit  of  the  paralyzed  area,  and  when  this  occurs  in  the  dorsal  region,  it 
gives  rise  to  the  feeling  of  a  belt  tightly  drawn  round  the  waist,  or  the  "  girdle 
sensation."  There  is  also  vasomotor  paralysis  below  the  lesion,  but  the  blood 
vessels  soon  regain  their  tone,  owing  to  the  subsidiary  vasomotor  centres  in  the 
cord-  The  remote  eETects  come  on  much  later,  and  are  secondary  descending 
degeneration  in  the  crossed  and  direct  pyramidal  tracts  and  ascending  degenera- 
'  tion  in  the  poslero-internal  columns  (Fig.  455).  According  to  the  seat  of  the 
lesion,  the  functions  of  the  bladder  and  rectum  may  be  interfered  with.  Injury 
to  the  upper  cervical  region  sometimes  causes  hypcr|)yrcxia.] 

[Unilateral  section  results  in  paralysis  of  voluntary  motion  in  the  muscles 
supplied  by  nerves  given  off  below  the  seat  of  the  'injury,  although  the  mtisclcs  do 
not  atrophy,  but  when  secondary  descending  degeneration 
occurs  they  become  rigid,  and  exhibit  the  ordinary  signs  of 
contracture.  There  is  vasomotor  paralysis  on  the  same  side, 
although  this  passes  off  below  the  injury,  while  the  ordinary  and 
muscular  sensibility  are  diminished  on  both  sides  (Fig.  459). 
There  is  bilateral  anicslhesia.  On  the  opposidc  side  there  is 
total  ana^thesia  and  analgesia  below  the  lesion,  but  on  the  same 
side  in  the  dorsal  region  there  is  a  narrow  circular  anjcsthetic 
zone  CFig-  459.  ^)t  corresponding  to  the  sensory  ner\'e  fibres 
destroyed  at  the  level  of  the  section.  The  sensory  ner\'es 
decussate  shortly  after  they  enter  the  cord,  hence  the  anes- 
thesia on  the  opposite  side,  but  they  do  not  cross  at  once,  but 
run  obliquely  upward  before  they  enter  the  gray  matter  of  the 
opixKite  side,  so  that  a  unilateral  section  will  involve  some 
fibres  coming  from  the  same  side,  and  hence  the  slightly  dimin- 
ished sensibility  in  a  circular  area  on  the  same  side.  There  is 
a  narrow  hypercesthetic  area  on  the  same  side  as  the  lesion,  at 
the  upper  limit  of  the  ]>aralyzed  cutaneous  area  (Fig.  459,  r), 
due  |)crhaps  to  stimulation  of  the  cut  ends  of  the  sensory  fibres 
on  that  side.  In  man  there  is  hyperaesthesia  (to  touch,  tickling, 
pain,  heat,  and  cold)  on  the  ]jarts  below  the  lesion  on  the  same 
side,  but  the  cause  of  this  is  no:  known.  The  remote  effects 
are  due  to  the  usual  descending  and  ascending  degeneration 
which  .set  in.] 

[Inmonkeya,  after  hemi-section  of  the  cord  in  the  dorsal  region,  ihcre  is 
paralysis  of  vnljnlary  motion  and  retention  of  scmihihty  with  vasomotor 
pBralyui  of  the  same  side,  and  rcteniion  of  voltnitary  motion  with  anara- 
ihesia  and  analgesia  nn  the  op)»sitc  side.  The  existence  of  hy))cr.esthesia 
on  the  side  of  the  lesion  is  not  certain  in  th»e  animals,  but  there  is  no  doubt 
of  k  in  man.  Fcrner  also  Amis  (in  opposiiion  to  Brown-Sa^iiuard)  that  the  muscuLtr  sense  is  pata- 
lyicd  as  well  as  all  other  forms  of  sctiMbility,  on  the  side  opposite  tn  the  lesion,  tmt  unimpaired  on 
the  side  of  the  lesion.  The  muscular  sense,  in  fact,  is  entirely  separable  from  the  motor  innervation 
of  muscle  {/■Irrrier).     Tltc  [wwcr  of  emptying  the  bladder  and  rectum  wa«  not  affected.] 
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THE  BRAIN. 


365.  GENERAL  SCHEMA  OF  THE  BRAIN.— In  ui org«o  so complicaied  in tt» stiDain 
ait  tlie  bniin,  11  is  necessary  to  have  a  general  view  of  the  chief  arrangements  of  its  iaJividosi  \arx 
Mejiicrtgave  n  plan  of  the  general  arrangement  of  this  organ,  and  although  this  plan  mayiKA  bt 

quite  cnirecl,  Mill   it    U   tue6il  loUic 
Fifl.  46a  study  of  lirain  function.     The  wt*|bl 

of   the    bruin    b    in    man  ahtM  l]J{ 
{grammes, and  in  woman  lUOgnnaa 

[A  special  layer  of  Cray  matteroT 
the  cerebrum  ii  placed  estemillT  UA 
j^jrcad  ma  a  thin  coaling  over  ibe  abilt 
matter  or  centrum  ovale— wfaidife 
iiitcnially,  and  consists  of  nerve  tim 
or  the  white  matter.  That  pMl  I^Hf 
in  each  hcmbphercis  theccncrniMB 
ovale.  Tlicgmy  mailer  is  kUtA'ttt 
gyri  or  convolutions  scpantftttfcw 
each  other  by  fissures  or  sulci.  Saw 
of  the  lalier  are  very  mukcd,  tnd 
*crvc  to  wrnarate  adjacent  lobes,  wWc 
the  \o\ks  themMlve^  are  fiirthct  ri- 
divided  l>y  sulci  into  contotitfaM 
Tor  a  description  (  f  the  Iota  m 
k  37!t-  ^ine  masMs  of  gray  ul* 
»fe  dUposcil  at  the  base  of  the  ln<B< 
fnnniiig  the  corpus  stristum  |t<^ 
Reeling  into  the  lateral  irfiUnelBJt 
which  in  reality  is  corapMed  of  t«a 
part>,  ibc  nucleus  caudaiits  and  knUo^ 
Inr  nucleus  ( I'ic.  460,  i),  (Ik  (f*^ 
thalamus  which  lies  bdiipd  1^ 
formtT,  and    }K>iinds    the    'jd  vfrtrwV 

(hig.  4'o.  rf"*.  the  corpora  qiialfr 
geraina  lying  on  the  upper  wrfcct" 
thr  crura  ccrrliri  (Fig.  4S0,  fc'- 
within  the  it^niciuum  of  the  CP" 
cerehri  are  the  red  nucleus  and  locus 
niger  ( Kig.  502).  (juoly,  there  b  t^ 
coniinuation  of  (he  gray  matter  of  1^ 
cord  up  ihr«5Ugh  Ibe  mcJulbu  p«*» 
and  ntou[i<l  ihc  itci,  funning  thr  CCB' 
tral  gray  tube  and  termirtstini>  ■# 
tcriorly  at  (he  lulwr  cineream.  TV 
variouR  parts  arc  connected  in  a  ra 
of  ways  with  each  other,  some  by  trantverse  fibres  siretchint;  between  the  two  sides  of  ifae  \ 
while  riiher  longitudinal  fibres  bring  the  hinder  and  loivcr  parts  into  rrlotion  with  the  lore  parts.1 

[Under  cover  of  the  occipital  lobe*,  hut  connected  Mitb  the  cerebrum  in  front,  and  (he  spiiuU  ' 
l>clow,tsthe  cerebeltuni,  which  hi*'  iis  grny  matter  externally  and  its  white  core  internally.  1 
we  have  to  consider  ccrcbro- spinal  and  cerclicllo-«pinal  connections.') 

Meynert's  Projection  Systems. — The  cortex  of  the  ccrebnim  consists  of  coorolKiow 
sulci,  the  "  peripheral  gray  matter"  (Kig.  461,  C).  which  a  recognized  as  a  nervoos  _ 

from  the  presence  in  it  of  numerous  ganglionic  cells  (J  35S,  I ).  From  it  proceeil  all  the  molorlRM 
which  arc  excited  by  the  will,  and  to  it  proceed  all  the  tifires  coming  from  the  orputs  of  ^KOll 
sense  and  sensory  organs,  which  give  rise  to  the  ps\'chical  [perception  of  external  impfcakasi    [1> 
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T)Lu«cricin  of  the  bnin  fram  abov*,  ihow-lng  the  Utenal,  3d,  and  4th 
ventricle*,  wtlli  the  baMil  |pu>^lw,  madaurroundiiiK  pari*,  a,  knee  of 
the  cor  put  callasum  :  J,  anterior  part  of  the  riaht  corpu*  Urtatum ; 
f.gray  matter  di«M;clcc]  off  to  »how  white  fibrc»  ;  c.  poinU  to 
tania  KiiMcirciilaii*  :  </,  optic  tlislamiu;  r,  anterlgr  pilUra  at 
fornix,  with  jth  ventricle  In  front  of  them,  between  the  two 
Ifltuinie  of  the  »epliim  liiciduin  :  /,  middle  or  toft  conimif'Kure  :  g, 
3&  vcotriclc:  A,  r,  ccrponv  qu.i(lrtgcmlaa,  A,  superior  cercl>cL)ikr 
peduncle:  /,  hippocampus  tnnjor:  m.  poiterior  corau  of  Uteml 
vtrmricle  ;  «,  emirwniU  coIUteralU  ;  ■>,  4th  vvntriclc ;  /,  nadulta 
obtoncata  ;  t,  ccrcbelhim,  with  r,  arbor  vits. 


ne  of  tlic  tvniin — C,  C,  rorles  cerebri ;  C^,  corpiu  itriatum  :  N  /,  nudeiii  lenticutorii  ;  T.o.  optic  ihaUmiic 
rorjwr.!  quiidrigrniina :  P.  pcduttculm  cerebri;  H,  tcitmctitum  :  Bntl/,cruit>  ;  ),  t,  cotwut  radi.iu  of  the 
MM  itruium  ;  3,  a,  af  the  IcititciiUr  iiurlru^  :  1,  j,  of  tli«  uitlic  ihaljtmils  ;  4,  4,  ul  lli«  cnrpom  ((iiad  Hue  mini ; 
ynmidAl  Abretfrom  ihc  onex  cerebri  {/•Uihtig);  6,  6,  nbre*  from  the  corpont  quadrfKcinina  ro  the  laf 
itUA:  «w,  further  cmine  of  Oieite  fil»c»  ;  8,  &,  fibic*  Trum  the  corptu  stilatum  and  lentlcuUr  nuclciw  10  the 
Mor  the  pcduticuluji  ccrelin  ;  M,  riirihcr  counc  of  these :  S,  >,  countc  <A  the  icnioiy  Jihrc* ;  R,  inuu- 
c  kcclkQii  of  the  kpiful  cord  :  :-.W,  unlcrtor.  Rnd  A.  W,  poftlerior  roots  ,  d.o,  assocmiion  kvttem  of  flbrck, 
conimisiiiral  tibrc»,  II,  IVantverK  section  ibrdii^h  the  poMcriar  pair  of  th«corporA  quatlrigetiiiria  ami  the 
unculi  ccrrbfi  of  man.— /.  cnuia.  of  ihc  peduncle:  j,  lubslanlla  niRra.  r,  corpor*  quadnBcmim,  with  a 
ioci  o(  the  sqiwduci.     Ill,  lite  umdc of  the  dog;  IV,  of  arniic;  V, of  the  guinea  pig.    [Sec  p.  703.) 

audate  nucleusand  lenliculAr  nucleus  (N./),)  optic  tlia1aiiius(T.(>),  andcorpani<)uadrigeiniitn 
!  fibres  form  connections  with  cells  within  this  ctntral  gray  nuiter  The  tibres  which  proceed 
lecortex  through  Ihe  corona  rii'liata,  in  a  rudiulc  direclioi)Coiii.Iilule  Meynert's first prpjecti^t 
Itcsides  the«e,  the  white  suhsi-tnce  aI«o  contains  two  other  Kyftenu  of  fibres:  (»t)  Com- 
ral  fibres^  such  as  ibe  coqnis  callosum  and  the  anterior  cooimissure  (f,  r),  which  are  supposed 
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lo  connect  ihe  two  hemUpfaeres  with  each  other ;  and  ^^)  a  eontarctinj;  or  association  syBtem. 
whereby  two  different  areas  of  the  same  side  uc  connected  together  {a,  a).  Tbc  gaiielioDic  gray 
nmlter  of  the  b»jul  gixngUa  forms  the  fir»t  btagc  in  the  course  of  a  large  number  of  the  filTts.  Wha 
the)'  enter  iSe  central  gray  matter,  they  are  inUrrt4f<teii  in  their  coor^c.  AccorJint;  to  Meynert.  tlrt 
corona  rndiatn  conlaiiis  bundles  of  fibrcii  from  the  coqiiu  slriuum  (I.  i),  lenticular  nucleus  (3,  3)  I 
0{>iic  thalamus  (3.  3),  and  corjiorn  quadrigemina  (4,  4). 

The  second  projection  system  consists  of  ton^^itudinal  bandies  of  fibres,  which  proceed  down- 
ward and  reach  the  so-callc;d  *'  central  gray  tube,"  uhich   is  the  ganglionic  yray  nutter  reaching 
from  the  3d  ventricle  through  the  aqueduct  of  Sylvius,  and  the  medulla  oMongnta,  to  the  townt  | 
part  of  the  gray  matter  of  the  itpinal  cord.     It  lines  the  inner  smface  of  the  medullary  tube.     It  is  | 
the  second  stage  in  the  course  of  the  fibres  extending  from  the  baul  ganglia  10  the  cenlral  tubnbr  ' 
gray  matter.     The  fibres  of  this  system  must  obviously  vary  greatly  m  length  ;  some  fibres  end  in  the 
central  gray  mailer  above  the  medulla  oblongala,  /.  g.,  in  the  oculomotor  nucleus,  while  other*  reach 
to  the  level  of  the  Issi  spinal  nervef.     In  the  central  gray  matter,  not  only  is  the  counc  of  the  tibrcs 
interrujjted,  but  there  is  in  it  an  increase  in  the  number  of  tibrcs,  for  far  more  fibres  proceed  penph- 
ernlly  from  the  {rray  matter  of  the  mcdulU  and  spinal  cord,  than  are  sent  to  jt  from  the  central  gray 
matter  of  the  brain. 

As  to  the  arrangement  of  the  fibres  in  this  second  system,  the  fibres  deKcending  from  the  candate 

and   lenticular   nucleus   (8,  S)  are  grottped 
Fin.  462.  into    a    special    channel,     which    descends 

through  the  crusts  of  the  cerdiral  peduncle, 
and  enters  the  medulla  oblongata,  or  (accord- 
tng  to  Flechsig)  the  pons.  In  the  same  way 
there  proceeds  from  the  thalamus  (S)  and 
corpora  quadrigemina  (6,  6')  a  bundle  which 
descends  through  the  t^mcntum  ^11)  of  tbc 
cerebral  peduncle.  Both  seLs  of  filKes — 
those  in  the  criista  and  in  the  tegmentum-- 
come  together  in  the  conl. 

According  to  Wemiclce,  the  lenticular 
nucleus  and  caudate  nucleus  arc  not  the 
parts  of  the  brain  into  which,  from  the  cere- 
bral cortex  and  through  the  corona,  ladUie 
fibres  enter ;  but  they  are  independent  parts, 
analogous  10  the  cortex,  and  from  them 
fibres  proceed.  These  fihrea  i>ass  iiUo  the 
crn»ita  aiKl  run  along  with  those  fibres  pro- 
ceeding  from  the  thalamus  and  corpora 
qiiadrijjcmina. 

According  to  Meynert,  the  fibres  which 
^^^^^  pass  from  the  thalamus  and  corpora  qoadri- 

riooror  the**  «nuicfc.ndtl«con««iiou»nrthcce«l«UuB,.  geniina  through  the  legmeDRim  of  ihe  cere- 
On  the  left  tide  L)icihrc«  cerebellar  pcduKlo  are  cut  ihort:  bnil  peduncle,  are  rcHex  chanoeU;  so  that 
on  ifae  righr  the  conneciion*  i>f  ihc  kuperior  and  infetior  these  portions  of  the  brain  are  centres  for 
ESr^LV^r.^t:'":?  ':^^%Z^^hr1t:^.tr,,  «r°  "«™/«  "^^inated  reacxes.  This 
with  the  faicicull  tentei-  »,  ihe  *ui«  of  ih«  auditory  nerve  I*  shown  by  the  fact  that,  after  destruction  of 
on  Mch  \\At  ementlng  from  it:  j,  infcnor  peditncle ;  <,  the  voluntary  motor  pdtKs  in  animals,  the 
K'^^^T-JJr^rVirc.r't  te'tlTh^MdJ^f^S  ^«»i»ical  completeness  of  movement^  so  &r 
cnim  cerebri ;  8,  corpora  quadntcmina.  OS  these  are  discharged  reflcxly.  is  still  inlaa. 

These  channels  run  in  the  spinal  cord,  « 
first  on  the  side  (m),  and  probably  ultimately  cross  in  the  spinal  cord  itself. 

The  Third  Projection  System. — La.<it1y,  from  the  central  tubular  gray  matter  there  proOMdi 
the  third  system,  or  the  peripheral  nerves,  motor  aiul  sensory.  These  are  more  numerous  tbaa 
the  filwes  of  the  second  s>'slem. 

[While  there  are  three  concentric  tubes  in  the  spinal  cord  \\  359K  in  the  part  which  forms  the 
brain  an  extra  layer  of  gray  matter  is  added — the  peripheral  gray  tube — constituting  the  cones  of 
the  cerebral  hemispheres  and  cerebellum,  and  the  corpora  quadrigemina.  Thus,  the  white  natter 
lies  between  two  concentric  masses  of  gray  matter  {//;//].] 

Connections  of  the  Cerebellum. — The  cereWtlum  consists  of  two  somewhat  flattroed  hemi- 
spheres connccteii  ocro&s  the  middle  line  by  the  middle  lobe  or  vermifunn  process  which  is  the 
fundamental  portinn  of  the  organ,  as  it  is  best  developed  in  lower  animals,  whde  as  yet  the  lateral 
lobes  are  but  small  or  alisent,  e.  g.,  in  birds.  The  suriace  is  furrowed  by  sulci  so  as  to  cause  it  to 
resemble  a  series  of  folia,  Irntleis  or  laminK ;  larger  fissures  divide  it  iiiio  lobes.  Peduncles. — 
The  two  superior  peduncles  connect  it  with  the  corpora  quadrigemina  and  the  crura  ccreliti.  The 
fibres  come  from  the  lower  patt  of  the  cerelwlltun  and  from  its  dentate  nucleus,  and  a  number  of 
these  fibres  decussate  id  the  upper  part  of  the  poos  and  the  tegmentum,  some  of  them  beoaaung 
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connected  wiih  the  red  nucleus  in  the  tegmentum  of  the  opposite  side.  Some  of  the  fibres  seem  to 
[  cooncct  the  cereliellum  wiih  the  froninl  lobes,  constituting  a  froDio  cerebellar  tracts  and  they  are  also 
[■Croasicd  (fJo.v'^rj).  When  the  cercbclliim  h  tongenitally  ah&ent,  tlic*c  fibres  arc  absent  (/7«^«]f). 
By  the  two  inferior  peduncica  or  rcsiiform  lodies,  it  is  connected  with  all  the  columns  of  the  spinal 
cord,  and  it  is  to  !«.■  noted  that  same  of  the  tibres  forming  these  peduncles  arc  connected  with  the 
oUvarr  body  of  the  opposite  side,  so  that  they  decussate.  The  middle  peduncle  is  formed  by  the 
transverse  Hbrcs  of  the  pons  (Mgs.  463,  503}.  2c  Is  evident  that  there  is  a  cerebello  spinal,  as  well 
as  a  cerebro- spinal  connection  la  be  considered. 

[The  gray  matter  is  eiternal  and  the  white  internal,  and  on  section  the  foliated  branched 
appearance  of  the  cerebellum  consiitutcs  the  arbor  viltf.  Within  each  lalcml  loLe  is  a  folded  mass 
of  gray  matter  like  that  in  the  olivary  body,  called  the  corpus  dentatum,  and  fiom  its  interior  white 
fibres  proceed.  Stilling  describes  in  the  front  ]>art  of  the  rnirldlc  Icibe  roof  nuclei — so  called  because 
they  lie  in  the  roof  ofthc  4ih  ventricle.  As  is  shown  in  I'ig.  462,  tbi.-  white  fibres  of  the  superior 
peduncle  pn&s  to  the  gray  matter  on  the  inferior  surface  of  the  cerebellum,  while  tlie  inferior  pedun- 
cular fibres  p:u!>  to  the  superior  surface,  chiefly  of  the  median  part;  but  Iwth  are  «aid  to  form  con- 
nections witb  the  corpus  denlatum ;  the  middle  peduncle  is  connected  with  the  gray  matter  of  Che 
lateral  lolw*.     The  minute  structure  is  described  in  \  380.] 

The  distribution  of  the  blood  vessels  of  the  brain  is  of  much  practical  importance.  The  middle 
cerebral  artery  of  the  Sylvian  fissure  supplies  the  motor  areas  of  the  brain  in  animals;  in  man,  the 
paracentral  lobule  i.s  supplied  by  the  anterior  cerebral  artery  {Durfi).  The  region  of  the  third  left 
ftxxital  convolution,  which  i<>  the  speech  centre,  is  supplied  by  a  special  branch  of  the  middle  cerebral. 
According  to  Fcrricr,  that  part  nf  the  brain,  any  injury  to  which  coupes  disturbance  of  intelligence, 
is  supplied  by  the  anterior  cerebml ;  while  those  regioas  where  injury  is  followed  by  hemi- anaesthesia, 
are  supplied  by  the  posterior  cerebral.  It  is  stated  that  ani-emia  of  isolated  ports  of  litis  area  of  the 
brain  Is  nstocioted  with  mrlancbnlia  in  num. 

Conduction  to  and  from  cerebrum — Voluntary  motor  fibres. — The 
course  of  (he  fibres  which  convey  impulses  for  voIunLiry  motion — the  pyramidal 
tracts — proceeds  from  ihe  motor  regions  of  the  rercbrum  (§§  375,  37S,  I),  [Kissinjr 
into  and  through  the  white  matter  of  the  cerebrum  through  the  corona  radiata,  and 
converges  to  the  internal  capsule,  which  lies  between  Ihe  nucleus  caudalus  and 
opticus  thalamus  Internally  and  the  lenticular  nucleus  externally  (Fig.  500).  [The 
motor  fibres  for  the  face  and  tongue  occupy  the  knee  of  the  capsule  (V),  those  for 
the  arm  the  anterior  third  of  ihe  posterior  segment  or  limb  (A),  and  those  for  the 
leg  the  middle  third  (I.).  They  pass  beneath  the  optic  thalamus,  enter  the  crusta 
of  the  cerebral  peduncle,  and  occupy  its  middle  third,  or  two-fifths,  extending 
almost  to  the  substantia  nigra,  the  fibres  for  the  face  being  next  the  middle  line, 
and  those  for  the  leg  most  external,  the  fibres  for  the  arm  lying  between  the  two. 
They  pass  into  the  pons  on  Ihe  same  side,  where  the  fibres  for  the  face  (and  tongue) 
cross  to  the  opposite  side,  to  become  connected  with  the  nuclei  from  which  the 
facial  and  hy|>oglossal  nerves  arise.  The  fibres  for  the  arm,  and  leg  (and  trunk) 
continue  their  course  to  the  medulla  oblongata,  where  they  form  the  anterior  pyra- 
mids. In  the  pons,  the  pyramidal  tracts  arc  broken  up  into  bundles  lying  between 
its  superficial  and  deep  transverse  fibres,  and  surrounded  by  gray  matter  (Fig.  503) ; 
but  they  have  no  connection  with  the  gray  matter  of  the  pons.  By  far  the  greater 
proportion  of  the  fibrescross  at  the  decussation  of  the  pyramids  to  form  the  crossed 
pyramidal  tracts,  or  lateral  pyramidal  tracts,  of  the  lateral  column  of  the  oppo- 
site side.  The  small  uncrossed  portion  is  continued  as  the  direct  pyramidal 
tract  on  the  same  side.  The  latter  fibres,  perhaps,  supply  those  muscles  of  the  trunk 
{e.  g-t  respiratory,  abdominal,  and  perineal),  which  always  act  together  on  both 
sides.  According  to  other  observers,  however,  they  cross  to  the  other  side  of  the 
cord  through  the  anterior  white  commissure,  and  descend  in  the  crossed  pyramidal 
tract  or  pyramidal  tract  of  the  lateral  column.  The  fibres  of  the  pyramidal  tracts 
split  up  into  fine  fibrils,  which  form  connections  with  the  fibrils  produced  by  the 
subdivision  of  the  processes  of  the  multipolar  nerve  cells.  Thus,  fibres  form  con- 
nections with  the  multi|x)lar  ganglionic  cells  of  the  anterior  cornu  of  the  gray 
matter  of  the  spinal  cord  at  successively  lower  levels,  and  from  each  multipolar 
cell  is  directed  peripherally  a  single  unbranched  process,  which  ultimately  becomes 
a  nerve  fibre.  The  pyramidal  tracts  thus  end  in  the  multipolar  nerve  cells  of  the 
gray  matter  of  the  spinal  cord,  from  which  the  anterior  roots  of  the  spinal  nerves  arise. 
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[The  course  of  the  pyramidal  tracts  and  the  decussation  of  these  fibres  in  the 
medulla  oblongata,  explain  why  a  hemorrhage  involving  the  cerebral  motor  ccntrts. 
or  affecting  these  fibres  in  any  part  of  their  course  above  the  decussation,  results 
in  paralysis  of  the  muscles  supplied  by  the  fibres  so  involved  on  the  opposite  side  oX 
the  body.  In  their  passage  through  the  brain,  the  paths  for  direct  motor  impalses 
are  not  intermpted  anywhere  in  their  course  by  ganglion  cells,  not  even  tn  the 
corpus  striatum  or  pons.  They  pass  in  a  direct  uninterrupted  line,  until  each  fibre 
becomes  connected  with  a  multipolar  nerve  cell  in  the  anterior  horn  of  the  gray 
matter  of  the  spinal  cord,  so  that  they  have  the  longest  course  of  any  fibres  in  tt 
i  entral  nen'ous  system.] 

Variation  in  Decussation. — There  are  variations  as  to  the  number  of  5bre«  which  cniK  at ) 
p^Taiiiids  yl'lerhtiq').     In  !<oine  coma  ihr  uxuat  arrangement  i.%  revcriied,  and  in  some  rare  in 
therein  no  decussation,  so  ihat  the  |)\Tanii(ial  tracts  from  the  l)rain  remain  on  the  same  &ide.     lo  tbu  ' 
way  we  may  explain   the  very  rare  cases  wlierc  p3Lral>-sis  of  the  voluntofy  movement  takes  |rfacr 
on  the  Jd/n/ siile  as  the  lesinn  of  the  ccretn-um  {Aforgagni,  Pierrei).     Thu  is  direct  paraljrtis. 
[Usually  about  90  per  cent,  of  the  fibres  decussate.] 

The  motor  cranial  nerves  have  the  centres  through  which  they  arc  excited 
voluntarily  in  the  cortex  cerebri  (§  378).  The  paths  for  such  voluntary  im|mlscf 
also  pass  through  the  internal  capsule  and  the  crusiaof  the  cerebral  peduncle,  fin 
the  internal  capsule,  the  fibres  for  the  face  (and  tongue)  lie  in  the  knee,  while  thfjr 
occupy  the  part  of  the  middle  of  the  crusta  next  the  middle  Une.  Their  course  ti 
then  directed  across  the  middle  line  to  their  respective  nuclei,  from  which  fibm 
proceed  to  the  mtisdes  supplied  by  these  nuclei.]  I'lie  exact  course  of  many  of 
the  fibres  is  still  unknown.  The  hypoglossal  nerve  runs  with  the  pyramidal  tncS, 
and  behaves  like  the  anterior  root  of  a  spinal  nerve  (§§  354,  357)- 

[Sensory  Paths. — Our  knowledge  is  by  no  means  precise.  Sensor)*  itnpulsa, 
passing  into  the  cord,  enter  it  by  the  |x)5terior  ncn'c  roots,  and  may  pass  to  Hw 
cerebrum  or  cerebellum.  If  to  the  cerebellum,  the  course,  probably,  is  parti)  w 
the  direct  cerebellar  tract  and  posterior  column  to  the  rcsliforra  body,  thence  to  the 
cerebellum.  If  to  the  cerebrum,  they  ^ross  the  middle  line  in  the  cord  not  tir 
above  where  they  enter  and  pass  to  the  lateral  column,  in  front  of  the  pyrami<iil 
tract.  Some  enter  the  ix)sterior  column,  and  others  ascend  in  the  gray  matter  10 
pass  upward.  As  the  two  subdivisions  of  the  posterior  column  terminate  above  ia 
the  nuclei  of  the  funiculus  gracilis  and  funiculus  cuneattis,  and  this  column  conisiM 
fibres  from  the  posterior  root,  it  is  suggested  that  above  the  clava  and  cuRciif 
nucleus  the  fibres  cross  in  the  superior  pyramidal  decus-ation  to  reach  the  poittiiut 
tegmenlura.  In  the  medulla,  il  is  probable  that  those  fibres  which  do  not  decuMle 
there  do  so  in  the  pons,  the  impulses  perhaps  traveling  upward  in  the  foruiatio  reti- 
cularis, thence  into  the  posterior  half  of  the  pons,  into  the  tegmentum  of  ihecnft 
under  the  corpora  quadrigemina,  lo  enter  the  posterior  third  of  the  posterior  limb 
of  the  internal  capsule  (Fig.  500,  S).  But,  of  course,  the  sensory  fibres  from  lh« 
face  have  to  be  connected  with  the  sensory  centres  in  the  cerebrum,  so  thjt  the 
sensory  paths  from  the  cord,  /.  e.,  from  the  trunk  and  limbs,  are  joined  by  ii»»e 
from  the  face  in  the  pons,  and  they  also  occupy  part  of  the  posterior  third  of  the 
posterior  segment  of  the  interna!  capsule,  so  that  (his  important  part  of  the  intcnul 
capsule  conducts  sensory  impulses  from  the  opposite  half  of  the  body,  Sotneo^ 
the  fibres  pass  into  the  optic  thalamus,  and  others  enter  the  white  matter  of  lh< 
cerebrum,  but  their  exact  course  is  very  uncertain.  The  sensory  fibres  dcri*«l 
from  the  organs  of  special  setose,  ^.  ^.,  the  car,  go  to  the  sui^erior  temporo-spbcnoKW 
convolution,  but  whether  directly  or  indirectly  we  do  not  know  ;  perhaps  scene  o( 
those  for  vision  traverse  the  optic  thalamus.  Some  of  the  afferent  fibres  jierhip* 
go  to  the  occipital  region,  and  Gowers  asserts  that  some  of  them  go  to  the  pancul 
and  central  regions,  i.  e.,  to  the  "  motor"  regions,  for  he  holds  **  that  disease  of 
the  motor  cortex  often  causes  imiiairment  of  the  tactile  sensibility.*'] 

[Charcot  has  called  the  posterior  third  of  the  posterior  segment  of  the  iotesnil 
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psule,  lying  between  the  posterior  part  of  the  lenticular  nucleus  and  the  optic 

alamus,  the  "  carefour  scnsiliv  "  or  **  sensory  crossway  "  (Fig.  500,  S).  If 
it  be  divided  there  is  herai-aoiesthesia  of  ihe  opposite  side.] 

Sensory  Decussation  in  Cord.— As  the  greater  part  of  the  sensory  fibres 
firom  the  skin  tUcusiate  in  the  spinal  cofU,  and  thus  pass  to  the  opposite  side  of  the 
cord  (Hg.  463),  unilateral  section  of  the  spinal  cord  in  man  (and  monkey) 
J^irrier)  abolishes  sensibility  on  the  opposite  side  below  the  lesion.  There  is 
liypercesthesia  of  the  parts  below  the  seat  of  the  section  on  the  side  of  the  injury 
(3  363)*  From  experiments  on  mammals,  Brown-S^quard  concludes  that  the 
decussating  sensory  nerve  fibres  pass  to  the  opposite  side  within  the  cord  at  different 
levels,  the  lowest  being  the  fibres  for  touch,  then  those  for  tickling  and  pain,  and, 
highest  of  all,  those  which  administer  to  sensations  of  temperature. 

All  the  fibres,  therefore,  which  connect  the  spinal  cord  with  the  gray  matter 
of  the  brain,  undergo  a  complete  decussation  in  their  course.  Hence,  in  man  a 
destructive  affection  of  one  hemisphere  usually  causes  complete  motor  jiaralysis 
and  loss  of  sensibility  on  the  opposite  side  of  the  body.  The  fibres  proceeding 
from  the  nuclei  of  orign  of  the  cranial  nerves  also  cross  within  the  cranium. 

Not  unfrequently  the  motor  paralysis  and  uuc:>thcsia  occur  on  the  mme  side  of  the  hciul,  in  which 
|Uue  the  lesion  (due  to  pressure  or  inilAmmntton)  involves  the  cranial  ncrvea  lying  at  the  base  of  the 
brain. 

The  positions  of  decussstion  are  (0  in  the  spinil  cord,  (2)  in  ihe  metlulla  oblongata,  and 
Iftstly  (3)  in  the  pons,     The  decussation  is  complete  in  the  peduncle. 

Alternate  Paralysis. — Cuhlrr  ohiurrved  Ihat  unitnlcral  irtjury  lo  (he  pons  caused  pnralvMS  of  the 
bciaj  nerve  on  the  mme  side,  hut  paralywa  of  the  oppositf  hair  of  th«  Ixxly.  He  concluded  that  the 
berves  of  the  trunk  decussate  be/ore  they  reach  the  poii*.  while  the  fncial  fibres  dccu&sntc  within  ibc 
pon5.  To  lhe«  rare  casKs  the  name  '*  alternaU  htmiplej^ia^*  is  ijivcti.  [When  hemorrhage  takc:s 
alace  into  the  linotr  part  of  the  lateral  half  of  the  pons,  there  may  be  ahernatc  paralysis,  but  when 
9ie  mp^r  part  of  the  lateral  half  is  injured,  the  facial  13  paralyzed  on  ihc  same  side  a&  the  body, 

I  379] 

The  o)£ictory  nerve  '\%  »aid  irot  to  decussate  (?),  while  the  oiitic  nerve  undergoes  a  partial  decussa- 
tion at  the  chiasms  {%  344).  Some  oliserver^  assert  that  the  fibres  of  the  trochlearis  decDMste  at 
Klieir  urii^in. 

366.  THE  MEDULLA  OBLONGATA.— [Structure.— In  the  medulla  oblongata,  the 
fibres  from  iheconi  are  rearranged,  the  gray  matter  is  alw  much  changed,  while  new  gray  mottcr  is 
^ded.  Each  half  of  the  m<xlullii  ublongata  consists  of  tlie  tbilowiiig  part^,  from  before  backward  :— 
The  anterior  pyramid,  olivary  body,  resUform  body,  and  posterior  pyramid,  or  funiculus 
pvdlis  ^I'~ig^.  464,  465,  466).  Uy  the  divergence  of  the  poftterior  pyra.mids  and  the  rcsiiform  bodies, 
Ihe  floor  of  the  4lh  ventricle  in  exposed.  As  the  central  canal  of  the  cord  grndii-iUy  comes  nearer  to 
tlie  {tostenor  surface  of  ihe  medulla,  it  opens  into  the  4th  ventricle.  At  the  lower  end  of  the 
medulla  oblongata,  un  -separating  the  anterior  pyramids,  wc  may  see  the  decussation  of  the  pyra> 
midSt  where  the  tibres  cross  over  to  the  lattml  columns  of  the  cord.  The  anterior  pyramid 
icceives  the  direct  pyramidal  tract  of  the  anterior  column  of  the  cord  from  its  own  side,  and  the 
crossed  pyramidal  tract  from  Ihc  lateral  column  of  the  cord  of  the  opposite  ^idc  (Kig.  464).  The 
decussating  fibres  (crossed  pyramidal  tract)  of  the  lateral  column  pass  across  in  bundles  to  form  the 
decussalkni  of  the  pyramids.  Most  of  the  pyramidal  5brL-s  paiss  through  the  pjus  directly  to  the  cere- 
brum, a  few  fibres  pass  to  the  cerebellum,  while  some  )oin  Bbres  proceeding  from  the  olivary  body  to 
fbnn  the  olivary  fasciculus  or  fdlet.] 

[Thus,  only  a  part  of  the  anterior  column  of  the  cord — direct  p>Tamidal  tract — i*  continued  into 
ithc  anterior  pyramid,  where  it  lies  external  to  the  tihreii  which  |klss  to  the  lateral  column  of  Ihc 
Wppoulc  side.  The  remainder  of  the  anterior  column — the  aniero-cxtcnul  fibres — are  Continued 
Vpwsrd.  bat  he  deeper  under  cover  of  the  anterior  pyramid,  where  they  scni-e  to  form  part  of  the 
Ibrmaiio  reiiculari)*  |p.  709).] 

[Of  Ihc  fibres  of  the  lutenil  €olu»iH  of  the  cord,  some,  the  Himt  cerebtttar  tract,  pass  backward 
U>  join  the  rcstiform  l)ody  and  go  lo  the  cerebellum.  'I'hcsc  fibres  lie  as  a  iliin  layer  on  the  surfaceof 
Ihe  restiform  body.  The  croaed  pyramidal  filjres  cross  obliquely,  at  the  lower  end  of  the  medulla, 
to  the  ontcrior  pyramid  of  the  opposite  side,  and  in  their  course  thoy  traverse  Ihe  gray  matter  of  the 
anterior  comu  I  Tig  464, /r).  These  fibres  ftirm  the  larger  and  mesial  portion  of  the  anterior 
pyramid.  The  remaining  fibres  of  the  laierul  columns  ore  conthiucd  upward,  and  pass  beneath 
Ihe  olivary  body,  where  ihcy  are  conccalnl  by  \\\vi  structure  and  also  oy  the  arcuate  fibres,  b\it 
ihey  appear  in  the  6cor  of  the  medulla  oblongata  and  are  here  known  a.s  ^^  fasciculus  tfns,  which 
goes  lo  the  cerebrum.  As  they  pass  upward,  they  help  lo  form  the  lateral  port  of  the  formaiio 
rtticulari*.] 

45 


Diasram  of  a  Hptnal  tcgraeiit  ii*  a  npinal  cenlrv  acd  conditciing  medium.    B,  ri^tit,  B',  left  cerebral  h^nitphei*.  1 
Kiwer  end  iif  mcilulln  nhkiogaia;   i,  Dtotut  irar.t  Irom  the  t'lghl  heailtphcrc,  tbe  Urxer  p*rt  dccuMjill*(  •!  I 


AAd  pttktintf  down  ihc  Utcral  column  of  tb*  cord  - 
from  tbc  left  hcmitpherc;  5,  S',  MmitlT«  area* 
the  left  tide  of  the  Inidy''  It  dccuBMU*  ilwrtly  -i 
fram  ihe  rigtu  tide  of  the  body.    The  arrows  Indiv. 
i<— ory  ftoTM  mn  shown  as  crowinc  (t*  ^*  cord.] 


'ite  lide  10  Ihc  musdo  M  uid  M':  a. 


■■>(  lite  body  it',  J.  <h«  nuln  ttmtorj  RHtt 
ilic<.ord,  S*,  S*,  tdullivc  *r«»>,  mad  4*.  |(l~ 
c^iion  of  the  impu\3r%  (Brmmmnf//).    [Iwm' 
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[The  poiterior  pyramid  of  the  oblongata  is  merely  the  upward  continuation  of  the  postero- 
laiediwi  column,  or  funtcutub  gracilis  of  the  conj.  As  it  passes  upward  at  the  medulla  it  liroadens 
tcwt,  forming  the  clava,  wliich  tapers  away  above.  The  clava  contains  a  mass  of  gray  matter — the 
Fdavatc  nucleus.] 

'  [llic  restiform  body  consists  chiefly  of  the  upward  continuation  of  the  po«tero- external  column 
.or  funiculus  cuncatus  of  the  cord.  It  contains  a  moss  of  gray  matter, called  the  cuneate  ur  trian- 
gular nucleus.  Above  ilie  level  of  the  clava,  the  funiculus  cunentus  fomv^  part  of  the  lateral 
I  boundary  of  the  4tb  ventricle.  Immediatcty  Ddl!>ide  this,  /./.,  between  it  and  the  continuation  of  the 
'posterior  nerve  root<y,  is  a  longitudinal  prominence,  which  Scbwalbe  has  called  the  funiculus  of 
(Rolando.  It  is  formed  by  the  head  of  the  posterior  comu  of  gray  matter  coming  nearer  the 
jtarface.  It  also  forms  part  of  the  restiform  body.  Some  arcuate  filwcs  is-nic  from  the  anterior 
diao  fissure,  turn  traiiavcr^ly  outward  over  the  anterior  pyramids  and  olivary  body,  and  pass 

[  with  the  funiculus  cuneatus,  the  funiculus  of  Rolando,  ami  the  direct  cerebellar  fibres,  to  enter 
nding  lateral  lobe  of  the  cerebellum,  all  these  structures  forming  its  inferior  peduncle. 

fohservcn  suggest  that  the  funiculus  cuneatus  and  funiculus  of  Rolando  do  not  po&s  into  the 
fcer^llum.] 
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Section  of  the  decuuation  of  the  pynmids,  Jia,  Knlerior  median  fiuur«,  dEsplscnd  laterally  bjrthe  fibres  decusintinc 
St  td :  i',  interior  calnmn :  Ot,  aatenor  corau,  u-iih  its  nerve  cells,  a,  6;  ce,  ceotnl  caual :  S,  Utcnil 
column  ;  yV,  formatio  rciiculuri^  ;  ct.  neck, ,  iind  /',  head  of  the  posterior  comu  ;  rfCi,  pottcrior  root  of  the  ist 
cenrlial  nerve :  m,  lint  indication  of  the  nucleus  of  the  fuoiculu*  cuneatus :  ng,  nucleus  (ctava)  of  the  ^nlculus 
grmcilis:  //>, funiculus  (mcilii :  //*,  funiculus  cuncatus;  <^, posterior  median  fixture;  ^,  groups  ofgangUonlc 
cells  hi  the  bue  of  the  poiterior  comu.  X  6. 

[The  olivary  body  forms  a  well  marked  oval  or  olive-shaped  body,  which  does  not  extend  the 
vrbolc  length  of  the  medulla  (Fig.  466,  0).  Above  it  is  separated  from  the  |x}ns  by  a  groove  from 
'hich  the  6ih  nerve  emerge;.  In  the  groove  between  it  and  the  anterior  pyramid  arise  the  strands 
BC  ll>e  hypoglossal  nerve,  wbtle  in  a  corresponding  groove  along  its  outer  surface  is  the  line  of  exit  of 
the  vagtiSf  gtoasc-pharyngcal,  and  spinal  accessory  ner\-es.  It  is  covered  on  its  stu^ace  by  longitudinal 
Mid  arcuate  6bres,  while  in  its  interior  it  contains  the  dentate  nucleus.] 

[The  functions  of  the  olivary  bodies  are  4|uilc  unknown,  hut  it  is  important  to  remember  that 
|hey  are  connected  by  fibres  with  the  dentate  nuclei  of  the  cerebellum.  Fibres  pass  into  the  olivary 
body  from  the  iM>steriar  column  of  the  cord  of  the  opposite  side,  and  it  is  also  connected  wiib  the 
dentate  body  of  the  opposite  .side,  while,  as  we  know,  the  dentate  body  is  connected  with  the  leg- 
anentum,  so  that  through  the  left  dentate  body  of  the  opposite  side,  the  i^menium  of,  say,  the  right 
I'cnis,  is  c'lniirctcd  with  the  right  olivary  bo<ly  (Cnnvrj).] 

[Decuaaation  of  the  pyramids  is  the  term  given  10  those  lihres  which  cross  obliquely  in  several 

indies,  at  the  lower  ]>ait  of  the  medulla,  from  the  anterior  pyramid  of  the  medulla  into  the  lateral 
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column  of  the  cord  of  the  opposite  side  (Fig.  464, 1/)  to  form  its  lateral  pyramid  tracts,  or  cnmul 
pyramttlal  tracts.  Ttie  number  of  fibres  which  decussate  vanes,  and  in  tome  caso  ail  the  librea  nay 
croas.] 

[The  gray  matter  or  Ihe  ine<lulln  is  largely  a  continuation  of  that  of  the  Cord,  allbongh  it  li 
armngeil  ditferently.  As  the  tihros  from  the  bternl  column  of  the  cord  pass  orer  to  fonn  part  of  Ihf 
anterior  pyramid  of  thu  medulla  on  the  oppobiic  side,  llicy  travcne  the  gray  matier,  and  urns  ck  of 
the  tip  of  the  anterior  comii,  which  is  also  pushed  backward  hy  the  olivary  body,  and  exists  M  a  dls- 
tinct  mass,  the  nucleus  lateralis  ( hlg.  465,  »/).  Part  of  the  anterior  t^ay  matter  aUo  appean  to 
the  floor  of  ihr  4th  ventricle  as  the  eminence  of  th^  fasciculus  teres,  and  from  part  of  il  sprugx  the 
hypoglossal  nerve  (I'ig.  466.  A'//).  The  neck  joining  the  modified  anterior  and  posterior  connMii 
much  broken  up  Ny  the  passage  of  lungiludinal  and  transverse  fibres  through  it,  so  that  it  kna  * 
fonnotio  reticularis,  separating  the  two   comua  (Fig.  465, /r).     The  caput  comu  pcMtcrioris  comca 


Sfp 


n' 


Fig.  465. 


a.F 


1^.- 


dnr\ 


n.nr 


ftM. 


A 


'py 


ScciioB  of  the  medulla  obtonsalx  at  the  ao^caUcd 
upper  dccuuation  of  (Itc  pyniiiiidB.  Jl«.  an(c< 
nor,  4i^,  poilerior  meduan  fitKiire  :  hX/,  nii- 
cleut  dT  the  McccAXoHm  vagi;  mXl/,  nuclcin 
of  the  hyiraglauial .  lia,  the  to^uUed  superior 
or  ■nlerior  dccinnatioii  o(  the  pyrimttl*;  /r. 
anterior  pyramid:  n.ar,  tiiiclcm  arciromti*; 
(7>,  medbti  parolivary  body:  O,  Ixninnltii  of 
the  nucleiu  of  the  olivaiy  hudy  :  w/.  nucleus  of 
the  lateni)  coluinn,  fr,  fotniatio  reticularis; 
^,  fubftuniin  geblinosx,  with  (aK)  ibe  ascend- 
ing root  of  the  rH|[eininia:  laf.  nucleiu  of  the 
funiculus  cuDcatui;  nc* ,  cxi<mnl  nuckut  of 
the  funiciiUn  oinealm;  ttg,  niiclpiia  of  (he  fu- 
niciiliu  gradlii  (or  clava) ;  //>,  funictilut  gni- 
cilia;  //*,funiciilui  cuiicMtiu;  ^c,  central  canal; 
J*tJi**,Jii*t  external  arctform  fibres,  x!  4- 


Fig.  466. 

71.^  //'    /> 


flection  nf  the  medulla  oblan^ata  thivMcli  the  olbratf 
nXlf,  nudcit*  of  the  hypcwtoMal:  nX.  mX'^J"**  * 
lc»  reltidar  part*  nf  the  nuclrut  of  the  vagia ;  Xtl,^^ 
glo*>jl  nerve;  X,  vapu ;  m,mm,  cntclem  xmh%mm.  ■■ 


nucleus  laleralli^;  «.  olivjtry  nuclCMa;  ^mi.tKUnti, 
«>■<«*.  Internal  par^ivar^  body :  /»,  ibe  rtHiWl  biaA 
funiculus  aalitanin:  Cr,  rvstiJuna  body;  /,  tt» 
pyramid,  surrounded  by  arciform  fibres ;  /mM,ptt%^ 
proceeding  from  the  olive  to  the  r«ph«  t|i«M* 
oli»»c);   r,  rat*hc.  >;  4. 


to  be  covered  higher  up  by  the  ascending  root  of  the  5ih  nerve  ( Fig.  465,  ir  P^ ),  and  1 
passing  to  llie  rcsiiform  body.  The  {posterior  comu  is  abo  broltca  up  and  is  thrown  out* 
caput  giving  rise  to  part  of  the  elevation  seen  on  the  surface  aiu)  described  oa  the  funia 
Rolando,  while  part  of  the  base  now  greatly  enlarged  forms  the  gray  maltir  in  tht!  funiailosl 
[clavatc  nucleus]  (Kig.  464,  «f)  and  funiculus  cunen'us  [cuneate  or  triangular  nucleus]  (F%-< 
tu).  Nearer  the  midille  line,  the  gray  matier  of  the  posterior  grey  comu  appears  in  the  floor  <rf*E 
4th  ventricle,  aliovc  the  [mint  where  the  central  canal  opens  inio  it,  as  the  nuclei  fif  the  qxnalaco* 
•ory,  vagus,  and  glosso-pharj-ngcol  nerves.] 

[In  the  floor  of  the  4th  VL-ntricle  near  the  raphe,  and  quite  8U]>erficiaI,  is  a  longitudinal  ••  * 
large  multipolar  ner\-e  cells,  derived  from  the  base  of  the  anterior  cuniu  from  which  spnng  the  mmJ 
bundles  forming  the  hypuglmsn.1  nerve;  it  is  the  hypoglossal  nodeus  |Mg.  4fiti,nXJi\^ 
nerve  fibres  |>as&ing  utitiquely  outward  to  appear  between  the  anterior  pyramid  and  the  olhraiy  badT. 
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ilanal  to  it,  and  next  the  median  groore,  is  ■  imall  miss  of  cells  continuous  with  those  in  the 

pbe,  and  called  the  nucleusof  ihe  funiculus  teres  (Fig.  466,  «/).  Around  the  cciiinil  canal  at  the 
lower  part  of  the  medulla  b  a  group  of  ccIU  ( Fig.  466,  /lAV ),  which  becomes  displaced  Intcnili}-  u 
it  comes  nearer  the  surface  in  the  door  of  the  medulla  oMongata,  wScre  it  lies  outside  the  hypo- 
gloiiai  nucleus,  and  corr&jHinds  to  the  pmminence  of  the  ala  cineren  (Hu-  466,  ii.V);  and  from  it 
^and  its  coniinunlion  upward  arise  from  helow  upward  part  of  the  spinal  acce«nry  ( iith),  and  the 
^fagas  (lothi,  corresponding  to  ihe  {>o«iiuon  of  the  emincniin  cincrca  (Hg.  466,  ^),  so  thai  ibis 
.tolmnn  of  cells  forms  the  vago-accesftoriua  nucleus.  External  to  and  in  front  of  ihis  is  the 
HDcleus  for  the  f;tusso-pharyngeal  nerv'c.  Further  up  in  the  medulla,  on  a  level  with  the  auditory 
ftrise  ami  outside  the  previous  column,  is  a  tract  af  Cells  from  which  the  auditory  nerve  (Kth)  in 
{real  part  arises;  it  is  the  principal  auditory  nucleus,  and  lies  juU  under  the  commencement  of 
Ibe  inferior  cerebellar  peduncle  (I'ig.  427,  S',  S'^,  S'"').  It  cunsi&t^  of  an  uulcr  and  inner  nuclcUA, 
extend  to  the  middle  line.  It  forms  connections  wilh  the  cere1>ellum.  and  some  Bbres  arc 
enter  the  inferior  cereliellar  peduncle.  This  is  an  important  relatiousiiip,  as  we  know  that 
:ihular  branch  of  the  aiidilor)'  nerve  comes*  [mrtly  from  the  semicircular  canals,  so  that  in  this 
'■y  these  orj^nns  may  he  connected  with  the  ccrelicllum.] 

[Superadded  Gray  Matter. — There  is  a  superadded  mass  of  gray  matter  not  represented  in  the 
ird,  that  of  the  olivary  body,  ciiclosiDg  a  nucleus,  the  corpus  dentaium,  wuh  it:i  wavy  strip  of 

ly  matter  containing  mnny  small  multipolar  nerve  cells  embedded  in  neuroglia.     The  gray  matter 

covered  on   the  surface  by  longitudinal  and  trutisverse  fibres.      It  is  (^n  toward  the  middle  line 
lilum),  and  into  it  run  white  filwes  forming  ito  f'tdunde  (,Hg.  J^iid^p,  o,  /).     These  librr^  diverge 

e  a  Ian,  «ome  of  them  ending  in  connection  with  the  small  multipolar  cells  of  the  dentate  body, 
while  others  traverse  the  laminn  of  grxy  matter  and  pass  backward  to  ap|>ear  aft  arcuate  librva  which 
join  the  resiiform  body ;  others,  ogam,  pass  directly  through  to  the  surface  of  the  olivary-  body,  which 
tbey  help  to  cover  as  the  superficial  arcuate  (ibres.  The  accessory  olivary  nuclei  { Fig.  465.  0'', 
i>")  arc  two  small  masses  of  gray  matter  similar  to  the  last,  ond  looking  as  if  they  were  detached 
Irom  it,  one  lying  above  and  exieruni,  sometimes  called  the  paroUvary  body,  and  the  other  slightly 
below  and  intcinal  to  the  olivary  nucleus,  tlic  latter  l}eing  srp.'iriiled  from  the  dentate  l>ody  by  the' 
loots  of  the  hypoglossal  nerve.  The  latter  is  sometimes  called  the  internal  paroHvory  body,  or 
'nucleus  of  the  pyramid.] 

{The  formatio  reticularis  occupies  the  greater  part  of  the  central  and  lateral  parts  of  the  medulla, 
and  is  produced  t>y  the  inter-cro&sing  of  bundles  of  tihres  running  longitudinally  and  more  or  less 
Inuuverwly  in  the  medulla  (Fig.  465, yV).  In  the  mt>re  lateral  portions  are  large  multipolar  nerve 
ieclU.  perhaps  continued  upward  from  part  of  the  anterior  cornu,  white  the  part  next  the  raphe  has 
Do  such  cells.  The  longitudinal  fibres  consist  of  the  upward  prolongation  of  the  ontero-extcmal 
JEOlumns  of  the  cord,  while  some  seem  to  arise  from  the  cLavale  nuclei  and  olives  as  arcuate  ^brcs 
|nising  upward.  In  the  lateral  portions,  the  longitudinal  fibres  are  the  direct  cunliuuation  upward 
of  Flechsig's  antero- lateral  mixed  tracts  of  the  lateral  columiw  (p.  6S3).  The  hori/omal  fibres 
are  formed  by  arcuate  fibres,  snme  of  which  run  more  or  less  transvenidy  outward  from  the 
raphe.  The  superficial arcuaU  Jiifres  (Fig.  a,^ti,f,  a,  e)  appear  in  the  anterior  median  fissure,  and 
perhaps  come  through  the  raphe  from  the  opposite  side  of  the  medulla,  curve  round  the  anterior 
pyramids,  form  a  kind  of  capsule  for  the  olives,  and  join  the  resiiform  body  (p.  707),  but  they  are 
reinforced  by  some  of  the  deep  arcuate  fibres  which  traverse  the  olivary  lx>dy  (p.  707J.  The  Jr*p 
Arcuate fibrti  run  from  the  clavnte  and  triangular  nuclei  botizontally  inward  to  the  raphe,  and  cross 
to  the  other  side;  others  pass  from  the  raphe  to  Ibe  olivary  body,  and  through  it  to  the  reitiform 
liody.  In  the  raphe,  which  contains  nerve  cells,  some  fibres  run  transversely,  others  longitudinally, 
and  others  from  l>cforc  hackwiu-d.] 

(Other  Nerve  Nuclei — Sixth  Nerve. — Under  the  elevation  called  eminenlia  teres  {Hg.  427I 
3d  front  of  the  auditory  stria*,  clo-^e  to  the  middle  line,  i^  a  tract  of  large  mutti[>olar  nerve  cells.  It 
Kras  once  thought  to  be  the  common  nucleus  of  the  6lh  and  7th  facial  nerves,  but  Gowers  has  sliown 
that  "the  facial  ascends  to  this,  nucleus,  furms  a  loop  round  it  (some  llbres  indeed  go  ihruu^h  it),  and 
then  passes  downward  forward  and  outward,  to  a  colunm  of  cells  more  deeply  placed  in  the  medulla 
lliaik  any  other  nucleus  in  the  lower  part."  Hut  the  seventh  has  no  real  origin  from  this  nucleuK. 
'facial  Nerve. — The  nuclrus  lies  deep  in  the  fnrmatio  rcticulans  of  the  pons  under  the  floor  of  the 
41b  ventricle,  but  outside  tiie  position  uf  the  nucleus  of  the  6lh  (I'lg.  427,  7).  It  extends  downward 
about  as  far  as  the  auditor>'  stri.-e,  or  a  little  lower.  The  fifth  nerve  arises  from  its  motor  nucleus 
|[w>th  large  multipclar  cctU),  which  lies  more  supcrticiatly  above  and  external  to  Ihe  6th  (I'lg.  427, 


5).  The  (ibrt-ji  run  liackwatd,  where  they  are  joined  by  fibres  from  the  uppi-r  sensory  nucleus, 
but  another  sensory  nucleus  extends  down  nearly  to  the  lower  end  of  the  medulla  (5").  Doubtless 
this  extensive  origin  brings  this  nerve  into  intimate  relation  with  the  other  cranial   nerves,  and 


unts  for  the  numerous  reflex  acts  which  can  be  discluirgcd  through  the  flfth  nerve.     Some  sen 
*  fibres  are  said  to  pass  up  beneath  the  corpora  quadrigemtna  [OVit'crjj.     The  fourth  nerve 
"  ^from  the  valve  of  Vieussens,  1.  ^..the  lamina  of  white  and  gray  matter  which  stretches  Iwtween 
niur  cercbcllur  peduncles.     It  arises,  therefore,  behiuti  the  fourili  veolricle,  but  some  of  the 

Fipring  from  nerve  cells  at  the  lower  part  of  the  nucleus  of  the  3d  nerve.     Some  6brcs  also 
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clKCcnd  io  ihe  poos  to  form  a  connection  with  the  nucleus  of  the  6th  nerve.    The  fihrct  ik 
behind  the  aqueduct,  »o  thut  tii  it  alone,  of  all  the  cranial  neives  dccu4»alion  occurt  Iwtwccn  i 
nucleus  ami  its  superticial  ori^n  {(7t>7fiTs).     llic  third  nerve  aris-^5  from  a  tract  of  cdls  bett^j^ 
the  it[)ueduct  and  near  the  middle  line,  and  the  tibrc»  de^cvtid  Ltiiou^'h  the  leicroentum  to  «ppe«r  i 
the  inner  side  of  the  cn»  ccreWi.     (iowcrs  ]iuiias  fnit  (hat,  in  rcaliijr,  there  are  three  dutmcl  fiinc 
tioniU  ceotres   |i)  for  accommodation  (cilior}- muKcIej,  (2)   for  the   hgbt   reticn  of  the   tm,  asd 
mo»t  of  the  frxletnal  niuiclc^  of  the  eyeball.     It   is   importaot  to  noticr  llic  connection  lielwccs 
nuclei  of  the  3d,  4tb,  and  6th  nerves,  in  relation  to  the  innervation  of  the  ocular  ouuclo.} 

Functions. — The  medulla  oblongata,  which  connects  the  spinal  cord  with 
brain,  has  many  points  of  re-semblance  with  the  former.     [Like  the  cord  it  is  con" 
cerncd  (i)  in  the  conduction  of  Impulses.]     (2)  In  it,  numcrotis  reflex  centres 
arc  present,  f.^.,  for  simple  reflexes  similar  to  the  nerve  centres  in  the  spinal  corc^H 
/.  5".,  closure  of  the  eyelids  [so  that  they  subser\e  the  transference  of  afferent  inl^B 
efferent  impulses].     There  are  other  centres  present  which  seem  to  dominate  or 
control  similar  centres  placed  in  the  cord,  c.  ^.,  the  great  vasomotor  centre,  the 
.sweal-sccreting,  pupil-dilating  centres,  and   the  centre  for  combining   ihc  refl^ 
movements  of  the  body.     Some  of  the  centres  are  capable  of  being  excited  rejte. 
(S  358,  2).     (3)  It  is  also  .said  to  contain  automatic  centres  ("§  358,  t,).    The, 
normal  functions  of  the  centres  depend  upon  the  exchanges  of  blood  gasef, 
effected  by  the  circulation  of  the  blood  through  the  medulla.     If  this  ga>cots 
exchange  be  interrupted  or  interfered  with,  as   by  asphyxia,  sudden   ansemti,  or 
venous  congestion,  these  centres  are  first  excited,  and  exhibit  a  condition  of  incrEascd 
excitability,  and    at    last,  if  they  are  over-stimulated,  they   are    paraly/ed.    .Vi 
excessive  temperature  also  acts  as  a  stimulus.     All  the  centres,  however,  arc  oot 
active  at  the  same  time,  and  they  do  not  all  exhibit  the  .same  degree  of  excitabiliiv. 
Normally,  the  respiratory  centre  and  the  vasomotor  centre  are  continually  in  j  state 
of  rhythmical  activity.     In  some  animals,  the  inhibitory  centre  of  the  heart  renuuis 
continually  non-excited  ;  in  others,  it  is  stimulated  very  slightly  under  normal  c«i- 
ditions,  simultaneously  \vith  the  stimulation  of  the   respiratory  centre,  and  oolt 
during  inspiration.     'Hie  spasm  centre  is  not  stimulated  under  normal  condiliOEfi. 
and  during  inlra-ulcrine  life,  the  respiratory  centre  remains  quiescent.     The  ineilalU 
oblongata,  therefore,  contains  a  collocation  of  nune  centres  which  are  esscnlijl  for 
the  maintenance  of  life,  as  well  as  variotis  conducting  lallis  of  the  utmost  importanot 
We  shall  treat  of  the  reflex,  and  afterward  of  the  atitomatic  centres. 

367.  REFLEX  CENTRES  OF  THE  MEDULLA  OBLONGATA. 

—  llie  medulla  oblongata  contains  a  number  of  reflex  centres,  which  minister  loll* 
discharge  of  a  large  number  of  coordinated  movements. 

1.  Centre  for  closure  of  the  eyelids. — The  sensorj-  branches  of  lite  5ih 
cranial  ner\e  to  the  cornea,  conjunctiva,  und  the  skin  in  the  region  of  the  eye, «« 
the  afferent  nerves.  They  conduct  impulses  to  the  medulla  oblongata,  where  the* 
are  transferred  to,  and  excite  part  of,  the  centre  of  the  facial  ncr\'e,  whence,  thrcujh 
branches  of  the  facial,  the  efferent  impulses  arc  conveyed  to  the  orbicularis  [*lp^ 
brarum.  llie  centre  extends  from  about  the  middle  of  the  ala  cinerea  upward  to 
the  posterior  margin  of  the  pons  (NuM/). 

The  reflex  closure  of  the  eyelids  always  occurs  on  60/A  sides.  I)ut  cloisure  truy  be  produced  nb^ 
tarily  on  one  ^ide  (winking}.  When  the  stimulation  is  j/r(>M^%  the  corrugjior  and  otho  po^^ 
muM:le«  which  raiit  (he  cheek  and  nose  toward  the  eye  may  aho  contract,  and  »n  form  a  mm  porfcrt 
protection  and  cln^ure  of  the  eye.  Intense  Ktimulaiion  of  the  rclma  causes  clocure  of  the  evcU* 
[and  in  thi^  caw  ihc  shortest  rcttcx  known,  the  latent  period,  is  005  second  ( Jra/Z^r)], 

2.  Sneezing  centre. — The  afferent  channels  are  the  internal  nasal  bnwchei 
of  the  trigeminus  and  the  olfactory,  the  latter  in  the  case  of  intense  odorv  Th* 
efferent  or  motor  paths  lie  in  the  nerves  for  the  muscles  of  expiration  (|§  IJO,  J. 
and  347,  II).  Sneezing  cannot  l>e  performed  voluntarily  [but  it  may  be  inhibitw 
by  compressing  the  nasal  nerve  at  its  exit  on  the  nose]. 
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J.  Coughing  centre. — According  lo  Kohts,  it  is  placed  a  little  above  tW 
inspinitory  centre  ;  the  afferent  paths  are  the  sensory  branches  of  the  vagus 
(S  35^1  5»  '»)■  Hie  efferent  putha  he  in  the  nerves  of  expiration  and  those  that 
close  the  glottis  (§  1 20,  1). 

4.  Centre  for  sucking  and  mastication. — The  afferent  paths  lie  in  the 
sensory  branches  of  the  nerves  of  the  mouth  and  lips  (2d  and  3d  branches  of  the 
trigeminus  and  glosso-pharyngeal).  The  efferent  nerves  for  such'ngATc  (§  152) : 
Facia)  for  the  lips,  hyjMglossal  for  the  tongue,  the  inferior  ma^titlary  division  of 
the  trigeminus  for  the  muscles  which  elevate  and  depress  the  jaw.  For  the  move- 
ments oi  mastication f  the  same  nerves  are  in  action  (§  153)  ;  but  when  food  passes 
within  the  dental  arch,  the  hypoglossal  is  concerned  in  the  movements  of  the 
tongue,  and  the  facial  for  the  buccinator. 

5.  Centre  for  the  secretion  of  saliva  (p.  259*)  lies  in  the  floor  of  the  4ih 
ventricle.  Stimulation  of  the  medulla  oblongata  causes  a  profuse  secretion  of 
saliva  when  the  chorda  tymi>ani  and  glovio-pharyngeal  nerves  are  intact,  a  much 
feebler  secretion  when  the  nerves  are  divided,  and  no  secretion  at  all  when  the 
cervical  sym(>athetic  is  extirpated  at  the  same  time  {Gnittner). 

6.  Swallowing  centre  lies  in  the  floor  of  the  4th  ventricle  (§  156). — The 
afferent  paths  lie  in  the  sensory  branches  of  the  nerves  of  the  mouth,  palate,  and 
pharynx  (2d  and  3d  branches  of  the  trigeminus,  glosso-pharyngeal,  and  vagus); 
the  efferent  channels,  in  the  motor  branches  of  the  pharyngeal  plexus  (§  352,  4). 
Stimulation  of  the  glosso-pharyngeal  nerve  does  not  cause  deglutition;  on  the 
contrary,  this  act  is  inhibite<^  (p.  273). 

According  to  Steiner,  every  time  vrc  swallow  there  »  a  slight  stimubtion  of  the  raspiralorjr  centre, 
resulting  in  a  contraction  of  the  diaphragm.  [Krontckcr  has  5hown  thai  if  t  glaasof  water  be  iipped 
slowly,  the  action  of  the  cardio-inhibiliwy  centre  t&  inierrered  with  retlexly,  fio  thai  the  heart  beaf« 
moch  inore  rapxllv,  whereby  the  ctrcuUiion  b  BCcclerAted,  Srnce  pix>l>at>]y  the  reason  why  sipptDg 
AD  alcohoUc  drink  intoxicota  mure  rapidly  than  when  it  u  quickly  swollowcd  (p.  719).] 

7.  Vomiting  centre  (§  158). — The  relation  of  certain  branches  of  the  vagus 
to  this  act  are  given  at  t;  352,  2,  and  12,  if. 

8.  The  upper  centre  for  the  dilator  pupillae  muscle,  the  smooth  muscles 
of  the  orbit,  and  the  eyelids  lies  in  the  medulla  oblongata.  The  fibres  pass  out 
partly  in  the  trigeminus  (§  347,  I,  3),  partly  in  the  lateral  columns  of  the  spinal 
cord  as  far  down  as  the  cilio-spinal  region,  and  proceed  by  the  two  lowest  cervical 
and  the  two  upper  dorsal  nerves  into  the  cervical  symjuthetic  (§  356,  A,  i).  The 
centre  is  normally  excited  /'<//(r.r/v  by  shading  the  retina, /'.  ^.,  by  diminishing 
the  amount  of  light  admitted  into  the  eye.  It  is  directly  excited  by  the  circulation 
of  dyspnccic  blood  in  the  medulla.  (The  centre  for  eotUraeiing  the  pupil  is  referred 
10  at  §§  345  and  39a.) 

The  centre  t:^,'^  l»e  excited  rcfleily  by  dimulotinn  of  tenwry  nerve,  t.  g.,  the  Kiolic.  The« 
afTerent  6brcs  pus  upward  through  both  lateral  columns  to  iheir  cemre  {Kewalewsky). 

9.  There  is  a  subordinate  centre  in  the  medulla  oblongata,  which  seems  to  be 
concerned  in  bringing  the  various  reflex  centres  of  the  cord  into  relation  with  each 
other.  Ouiijannikow  found  (hat,  on  dividing  the  inediillu  6  mm.  above  the  calamus 
scriptorius  (rabbit),  ^^  general  reflex  movements  of  the  body  still  occurred,  and 
the  anterior  and  posterior  extremities  |>arlicijjaied  in  such  general  movements.  If, 
however,  the  section  was  made  i  mm.  nearer  the  calamus,  only  local  partial  reflex 
actions  occurred  (§  360,  11!^  4) ;  [thus,  on  stimulating  the  hind  leg,  the  fore  legs 
did  not  react — the  transference  of  the  reflex  was  interfered  with].  The  centre 
reaches  upward  to  slightly  above  the  lowest  third  of  the  oblongata. 

The  mctlulU  in  the  frog  abo  contains  the  general  centre  ferr  tuovemcnu  from  place  to  place.  Sec- 
tion of  this  region  olmlivhes  the  power  (o  move  from  place  lo  pince;  when  external  itimuU  are 
applied,  there  remains  only  umple  reflex  noTcawnls  {Steiner)^ 
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PaiholoKical. — The  medulla  oblongMft  is  ftomedmet  the  seal  of  a  typical  disease,  known  as  bul- 
bar paralysis,  or  ^losso-pharyngo-lAbial  parnl)'»j»  {Dufhettnt,  i860),  in  which  there  U  a  {imgre«&ivc 
invasion  of  the  diflercni  norvc  nuclei  (centres)  of  the  cranial  ntrves  which  ari-e  within  ihc  midullik, 
lliese  centrei  Ijciiig  the  motur  portions  of  an  important  redex  apparatus.  L'^ually,  the  diijra^  Itegint 
with  paralysiB  of  the  fong^uf,  accoin|)anied  by  fibritlnr  contrndions.  whereby  .tpcucli,  fi^rmxlion  of  the 
food  into  a  bolus,  and  sM'allowing  are  interrercd  with  (jj  354)>  The  secretion  of  thick,  \-iscid  solivt 
[Kiints  to  the  imiKtssibility  of  secreting  »  thin,  wtaX^ry^/arini  laltra  (J  145,  A),  owing  to  paralyiift  of 
this  nerve  nucleus.  Swallowing  may  be  impossible,  owing  to  paralysis  of  ibe  pharynx  and  Dalate. 
Tliis  interferes  with  ihc  formation  of  {omonanls  [especially  the  linguaLt,  /.  I,  i,  r,  and,  by  ud  by. 
the  labial  explosives,  b,  p]  (()  318,  C) ;  the  speech  becomes  na^al,  while  Huirls  and  solid  food  often 
pa&s  into  the  nose,  'llien  follows  paral)>is  of  the  branches  of  the  facial  to  the  lips,  and  there  is  a 
clinracteristic  exjiression  of  the  mouth  "as  if  it  were  fro7.en."  All  the  niU!tc1c:^of  the  face  may  be 
paralyzed  ;  sometimes  the  laryngeal  muscles  are  paralyced,  leading  to  loss  of  voice  and  ibe  cntnace 
of  food  into  the  windpipe.  The  htart  btals  are  often  retarded,  pointing  lo  Aiimulation  of  tbecardio- 
inhibilory  fibres  (arising  from  the  accessorius).  Attacks  of  dyspnaa,  like  those  following  paralysis  of 
the  recurrent  nerves  ({  313,  H,  l,  and  j)  352,  5,  /'K  and  death  may  occur.  Paralysis  of  Ute  muscles 
of  masiicfliion,  contraction  of  the  pupil,  and  paralysis  of  the  abducens  are  rare.  [This  disease  is 
always  bilateral,  and  it  is  important  to  note  that  it  afreets  the  nuclei  of  those  muscles  that  guard  the 
orifices  of  the  mouth,  including  the  tongue,  the  posterior  nares  including  the  softiMiUtc,  and  the  nma 
glottidis  with  ihc  vocal   cords.] 

368.  RESPIRATORY  CENTRE.  INNERVATION  OF  THE 
RESPIRATORY  ORGANS.—  lIie  respiratory  centre  lies  in  the  medulla 
oblongata  {Lei^al/ois,  iSii),  behind  the  superficial  origin  of  the  vagi,  on  lw)th  sides 
of  the  posterior  aspect  of  the  apex  of  the  calatnus  scriptorius,  between  the  nuclei 
of  the  vagus  and  accessorius,  and  was  named  by  Flourens  the  vital  point,  or  nGCud 
vital.  The  centre  is  double,  one  for  each  side,  and  it  inay  be  separated  by  means 
of  a  longitudinal  incisioii  {Longft,  1847),  whereby  the  respiratory  movement?,  con- 
tinue symmetrically  on  both  sides.  Section  of  Vagi. — If  one  vagus  W 
divided,  respiration  on  that  side  is  sUyuifd.  If  both  vagi  be  divided,  the  respirations 
become  much  sloiver  ^W(S.  deeper,  but  the  respiratory  movements  arc  symmclricaJ  on 
both  sides.  Stimulation  of  the  ((titral  end  of  one  vagus,  both  being  divided, 
causes  an  arrest  of  the  respiration  only  on  the  same  side,  the  other  side  continues 
to  breathe.  The  same  result  is  obtained  by  stimulation  of  the  trigeminus  on  one 
side  {^Langindorff).  When  the  centre  is  divided  transversely  on  one  side,  the 
respiratory  movements  on  the  same  side  cease  {Schiff).  Most  probably  the  domi- 
nating respiratory  centre  lies  in  the  medulla  oblongata,  and  upon  it  depend  the 
rhythm  and  symmetry  of  the  respiratory  movements ;  but,  in  addition,  other  and 
subordinate  centres  arc  placed  in  the  spinal  cord,  and  these  are  governed  by 
the  oblongata  centre.  If  the  spinal  cord  be  divided  in  newly-born  animals  (dog^ 
cat)  below  the  medulla  oblongata,  respiratory  movements  of  the  thorax  are  some- 
times observed  {Brachei^  1835). 

[If  llic  cord  be  divided  below  ibc  nieilullo,  or  the  cranial  arteries  ligatured  (rabbit),  there  may 
etiil  be  respiratory  movements,  which  become  more  distinct  if  Btrychnin  l>e  previously  administered, 
Eo  that  l^angendorff  assumes  the  existence  of  a  spinal  respiratory  centre,  which  he  ftndi  u  also 
influenced  by  reflex  slunulation  of  sensory  nerves.] 

Niischmann,  by  means  of  a  vertical  incision  into  the  cervical  cord,  divided  the  spinal  centre  into 
Iwo  equal  halves,  each  of  which  actcti  on  l>olh  sides  of  the  diaphragm  afier  the  medulla  was  divided 
jnst  below  the  calamus  scriptorius.  The  spinal  centres  must,  therefore.  l)e  connected  with  each  other 
in  the  cord.     The  spinal  respiratory  centre  can  be  excited  or  inhibited  refiexly  ( IVtrtMeimrr). 

Anatomical. — Scbiff  locates  the  respiratory  centre  near  the  lateral  mai^ns  of  tlie  gray  matter  in 
the  floor  of  the  4th  ventricle,  but  not  reaching  so  far  backward  as  the  ala  cinerea.  According  to 
Gierke,  Heidenhain.  and  Ijingendorff,  those  parts  of  the  medulla  oblongata  whoK  destruction  cauws 
cessation  of  the  respiratory  inovemenLi  ore  single  or  double  strands  of  nervous  matter,  containing 
gray  nervous  suK«tance  with  small  ganglion  cells,  and  running  downward  in  Ibc  substance  of  the 
medulla  oblongata.  These  strands  are  said  to  arise  partly  from  the  roots  of  the  vagus,  Irigeinlnos, 
spinal  accessory,  and  glos$o-phBiyni>enl  (Mfynfri),  furruing  connections  by  means  01  fibres  mitli  the 
other  side,  and  desccndinf:  as  far  downward  as  the  cervical  enlar^ment  of  ihcs^unal  cord  {Go//]. 
According  lo  this  view,  this  slrand  represents  an  inter-cenlral  band  connecting  the  spinal  cord  (the 
place  of  origin  of  the  motor  res[Hratory  nerves)  with  the  nuclei  of  the  above-named  cranial  nerves. 
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Cerebral  Inspiratory  Centre.— According  to  Christians,  there  is  a  certbral 
inspiratory  centre  in  the  optic  thalimiis  in  the  floor  of  the  3d  ventricle,  which  is 
stitnulated  through  the  optic  and  auditory 
nerves,  even  after  extiriiation  of  the  cerebrum 
and  corpora  striata;  when  it  is  stimulated 
directly,  it  deepens  and  accelerates  the  impira' 
ttfty  movements,  and  may  even  cause  a  stand- 
still of  the  respiration  in  the  inspiratory  phase. 
This  inspiratory  centre  may  be  extirpated. 
After  this  operation,  an  expiratory  centre  is 
active  in  the  substance  of  the  anterior  pair  of 
the  corpora  quadrigemina,  not  far  from  the 
aqueduct  of  Sylvius.  Martin  and  Booker  de- 
scribe a  second  cerebral  inspiratory  centre  In 
the  posterior  pair  of  the  corpora  quadrige- 
niina.  These  three  centres  are  connected  with 
the  centres  in  the  medulla  oblongala. 

The  respiratory  centre  consists  of  two 
centres,  which  are  in  a  state  of  activity  alter- 
nately— an  inspiratory  and  an  expiratory 
centre  (Fig.  467),  each  one  forming  the 
motor  central  point  for  the  acts  of  inspiration 
and  expiration  (§  112).     The  centre  is  auto- 
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matic,  for,  after  section  of  all   the   sensory  _  .        ,  .     .., ,      , 

',.,  .ni  tl  *  Scheme  of  the  chief  respiratory  nerve*. 


iMi,  in- 
(piraiory,  ami  *^/.  expiratory  cetilre — molnr 
ncTvcc  arc  in  smooth  line*  Expiratory 
mot  or  nerve*  to  .-iMomitisO  muMrlei,  ai :  to 
muicleii  of  back,  ^a.  Inspiratory  motor 
nerve*.  /A,  phrenic  to  dlApliragm,  *i :  int, 
iiKcrcinlal  Ker%'e«  ;  r/,  recurrent  biryngeal  ; 
tx,  piilnioimry  fibre*  of  r^giu  that  excite  in- 
xpirAtnry  centre;  ft*,  pulmunarv  fil>r«s  that 
excile  expiratory  centre  ;  gx'' ,  fiorei.  of  sup. 
'*ryi>neal  that  excite  exuir-itury  centre  ;  tH*, 
fibres  of  sup.  Uryngcu  tbat  Inhibit  ttie  in- 
f  pinitory  ccalr«. 
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nerves  which  can  act  reflexly  ujon  the  centre, 
it  still  retains  its  activity.  The  degree  of 
excitability  and  the  stimulation  of  the  centre 
deijend  upon  the  state  of  the  blood,  and 
chiefly  upon  the  amount  of  the  blood  gases, 
the  O  and  CO,  (/.  J^osenthai).  Accord- 
ing  to  the  condition  of  the  centre,  there 
are  several  well-recognized  respiratory  con- 
ditions:— 

I.  Apnoea. ^Complete  ces.sation  of  the  respiration  constitutes  apnaa^  i.  e., 
cei«alion  of  tlic  respiratory  movements,  owing  to  the  absence  of  the  proper  stimu- 
lus, due  to  the  blood  being  saturated  with  O  and  poor  in  CO,.  Such  blood  satu- 
rated with  O  fails  to  stimulate  the  centre,  and  hence  the  respiratory  muscles  are 
quiescent.  This  seems  to  be  the  condition  in  the  ftetus  during  intra-uterine  life. 
If  air  be  vigorously  and  rapidly  forced  into  the  lungs  of  an  animal  by  artificial 
respiration,  the  animal  will  cease  to  breathe  for  a  time,  after  cessation  of  the  arti- 
ficial respiration  {Hook,  1667),  the  blood  being  so  arterialized  that  it  no  longer 
stimulates  the  respiratory  centre.  If  a  person  takes  a  series  of  rapid,  deep  respi- 
rations his  blood  becomes  surcharged  with  oxygen,  and  long  "  apnoeic  pauses  " 
occur. 

Apnoeic  Blood. — .\.  EwalH  found  thai  ih*  ariwial  bloo:I  ot  apnoeic  animals  was  completely 
utluratcd  with  (7,  while  the  CO,  -^'os  iliminiibed  ;  the  venojK  bloml  contained  Ic&s  O  ihan  noimal — 
ibi^  laiter  conditinn  being  (Juc  to  the  apnoeic  hlood  cau^iiij;  a  considerable  fJall  of  ihe  blocKi  pressure 
and  coospiufnt  slrjwjny  of  the  blood  stream,  so  that  the  O  caii  be  more  complettfly  taken  fn>ni  the 
blood  in  the  capillaries  {^rfi{i^er\.  Tlit;  amount  of  I")  u.Mrcl  in  apn-ra  on  the  whrdc  w  not  increased 
(^  1*7).  0«d  remarks  that  during  forced  ariificial  respiration,  i)\i  pulmonary  aUcoli  coiiiain  a 
very  large  amonat  tjf  ftlinrt<i!heric  air;  hence,  Ihcy  are  able  to  nrlcnali;£c  the  blood  ^ot  a  longer  time, 
thuK  dtminisbing  the  necessity  for  respiration.  According  to  God  and  Knoll,  the  excitability  of  the 
rr?<piraiory  centre  is  reduced  during;  npnura,  and  this  is  caused  rcflexly  during  antticial  rc:>piraiiuu  by 
ihe  distention  of  the  lung;i  stimulating  the  branchci  of  ihe  vagus.  In  quite  young  mammals  apotea 
cannot  be  produced  (A'w/ic'"}- 

[Drugs. — If  the  excilobility  of  the  respiratory  centre  be  diminished  by  chloral,  apntea  is  readily 
induced,  while,  if  the  centre  be  excited,  as  by  apomorphine,  it  is  difiicull  10  produce  it.] 
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2.  Eupncea. — The  normal  stimulation  of  the  respiratory  centre,  /w/wtfw,    _ 
caused  by  the  blood,  in  which  the  amount  of  O  and  CO,  docs  not  exceed  the 
normal  limits  (§^  35  and  36). 

3.  Dyspnoea. — All  conditions  which  diminish  the  O  and  increase  the  CO, 
the  blood  rirculating  through  the  medulla  and  respiratory  centre  cause  acccleratm 
and  deepening  of  the  respirations,  which  may  ultimately  pas^  into  vigorous  and 
labored  activity  of  all  the  respiratory  muscles,  constitutmg  dyspnoea,  when  tfa 
difficulty  of  breathing  is  very  great  (§  134).     [Changes  in  the  Thyihm,  §  iii.] 

During  nomial  respinUion,  one]  with  the  commencement  of  th«  need  for  more  atr,  aceondinf  I 
Gad,  the  ^a^cs  uf  (he  dIckk]  excite  only  the  inspiratory  centre ;  w*hile  the  cxpintkm  follow*  cwiOKl 
rcHex  stiniulntion  of  ihc  pulmonnry  vajjiis  by  the  distenltoo  of  the  lungs  (p.  716).  lie  t*  alio  0 
o[>inion  thnt  tlie  ni^nnal  resj>ir»tory  movements  arc  excited  by  Ihc  CO^. 

[Muscular  work,  as  is  well  known,  incrcaie*  the  mpimtions  and   mar  ercn  cau«e  (fyvpocea. 
Tills  is  not  due  to  the  nervous  connections  of  the  muscles  or  other  organs  with  the  rcspiraiory  ctatrr. 
but  to  chanties  in  the  blood.     Gepjiert  and  Zuntz  have  stiown,  however,  that  the  result  caanot  U 
explained  by  changes  in  the  blood  caused  either  by  diminution  of  O  or  increue  of  CO,.     It  kob 
to  be  due  to  the  blood  taking  up  some  as  yet  unknown  products  from  the  contracitRg  mucte,  uw! 
carrying  them  to  the  respiratory  centre,  which  is  directly  cscited  I^  Ihem,     The  nature  n(  tliew 
sut>stnnces  b  unknown.     It  has  been  shown  tlint  the  alknliiiity  of  the  l)kxKl  is  reduced  I'jr  the  ftnu 
lion  of  an  aciti.     The  sulistaflces,  whatever  they  may  be,  are  not  cxcrcicfi  by  the  urine,  and  in 
therefore,  perhaps  readily  oxidiz-ed  (  Lo^v/y').     C.  l^hmann  has  proved   thai,  in  rat^tit^,  the  •cmIiIki- 
lion  of  the  blood  produced  )>y  muscular  exertion  plays  an  imporlant  [>art  in  the  Nlitnulatiati  of  tlw 
respirator^'  centre.] 

4.  Asphyxia. — If  blood,  abnormal  as  regards  the  amount  and  quality  of  its 
gases,  continue  to  circulate  in  the  medulla,  or  if  the  condition  of  the  blood  becoiw 
still  more  abnormal,  the  respiratory  centre  is  oi'er-siimuiafed^  and  ultimaidf 
txhtiustfd.  The  respirations  are  diminished  both  in  number  and  depth,  and  thei 
become  feeble  and  gasping  in  character;  ultimately  the  movements  of  the  rcsptn- 
tory  muscles  cease,  and  the  heart  itself  soon  ceases  to  beat.  This  constitutci  (he 
condition  oi  asphyxia ^zViA  if  it  be  continued,  death  from  suffocation  takes  (ilact- 
(I^ngendorfT  asserts  that  in  asphyxiated  frogs  the  muscles  ami  gray  ncrvoos  «b- 
stance  have  an  acid  reaction.)  If  the  conditions  causing  the  abnomwl  condiii« 
of  the  blood  be  removed,  the  asphyxia  may  be  prevented  under  favorable  cinnun- 
stances,  especially  by  rising  artificial  respiration  {§  134);  the  rcsptraior)' 
muscle!}  begin  to  act  and  the  htart  begins  to  beat,  so  that  the  normal  cupfi«i« 
stage  is  reached  through  the  condition  of  dyspntea.  If  the  venous  condition  uf 
the  blood  be  produced  slowly  and  very  gradually,  asphjTcia  may  occur  withcw' 
there  being  any  symptoms  of  dyspnoea,  as  happens  when  death  takes  place  quif^'v 
and  very  gradually  {%  324,  5). 

Causes  of  Dyspnoea. — (i>  Oircct  limitation  of  the  activity  of  the  respiratory  ofgiW' 
diminution  of  the  rcspiratorj-  surface  by  inflammation,  acute  fcdcm*  (§  471,  or  collapse  of  the  ike^- 
occlusion  of  the  capillaricB  of  (he  alvrali,  comfircs'iion  of  tbt-  luajrs,  entrance  nf  air  into  the  pleu"- 
obstruction  or  conipre5>ipn  of  the  windpipe.     \2\  Obstruction  to  the  entrance  of  the  nonfl*! 
amount  of  air  liy  strant;uIaiion,  c»r  cnclwure  in  an  luMifficient  space.     {3)  Enfeebleroentof  t^ 
circulation,  so  that  the  medulla  nb1ont;ata  does  not  receive  a  sufhcieot  amount  of  blool;  indcfcnrn 
lion  of  the  heart,  valvular  cardiac  disease,  and  artificially  l>y  ligature  of  the  carotid  and  %tit(^ 
arteries  [A'tiitmaHl  anJ  Tenntr),  or  by  preventing  the  free  cfHux  of  ventms  blood  Ervm  the  sk«ll.* 
by  the  injection  of  a  large  quantity  of  air  or  indifjerent  particles  into  the  right  heart.     {^)  Dirtcl 
loss  of  blood,  which  ECU  by  arre*tin(j  the  exchange  of  gases  m  the  mcJuila  {J.  A'ctrm/Aal  \     Tbt 
u  the  cause  of  the  "  biting  or  snapping  at  the  air"  manifested  by  the  decapitated  heads  of  yfjv% 
animals,  f.jf.,  kittens.     [The  phenomenon  ts  well  marked  !n  the  head  of  a  torioiac  ae]iarate4&^ 
the  iHxly  ( IV.  Shr/in^).) 

If  we  study  the  repidfy  fatal  effects  of  these  factors  on  the  respiratory  activity,  we  ofasem  dM  il 
first  the  respirations  become  qaicker  and  deeper,  then  after  an  attack  of  grneral  convultionit  CoAnf 
in  expiratory  spasm,  there  follows  a  stage  of  complete  cessaiion  of  respiration,  Itefore  deaUi  tak* 
place,  there  arc  usually  a  few  "  snap]>ing"  or  gasping  efforts  nt  iii<ipiralion  (//f^yei,  ^S^fMr.  Mmpf— 

«"') 

Condition  of  the  Blood  Oases. — A.s  a  general  rule,  in  the  production  of  dyspncK,  the  wiOl  d 
O  and  the  excess  of  ("O,  act  Mmultoncously  [/yiu^er  and  Dohnum),  hut  each  of  Une  akMM  wmj 
act  15  on  efficient  catue.    According  to  Bansteio,  blood  cootaining  a  amall  amooac  of  O  act*  c^M^f 
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ID  the  msptralory  centre,  and  blood  rich  in  CO,  on  the  expiratory  centre,     (i)  Dyapncea,  from 

■nt  of  *->.  occurs  dunnp  respiration  in  a  space  of  moderatt  size  ($  133),  in  spaces  where  the  tension 
if  the  air  i<j  dimini>licd,and  hy  hreatliinjj  indiUcrcnt  gases  or  thocie  coulaining  niy  free  O.  When  the 
blood  is  freely  ventiUtcU  with  N  or  H,  the  amount  of  CO^  in  the  WoikI  may  even  Iw  diniini.shed, 
and  death  occurs  with  all  the  signs  of  asphyxia  {Pfliif^er).  (2)  Dyspnoea,  from  the  blood  being 
overcharged  with  CO,,  occurs  by  breathing  air  canlaining  much  CO,  \\  133}.  Air  containing 
lUiicb  CO,  may  cause  clyspnora,  even  when  the  amount  of  O  in  the  blood  is  greater  than  that  in  the 
!||tmo5pI>crc  (  Thiry).     The  blood  may  even  contain  more  <_>  than  oonunl  [Pfitigfr). 

Heat  Dyspnoea. — An  increased  tenaperature  increases  the  activity  of  the  re^irniory  centre 
Y{  314,  ".  3)-  Ibis  occurs  when  blood  warmer  than  natural  flows  through  the  brain,  a.i  Kick  end 
Goldstein  observed  when  they  placed  the  eKjiosed  caroliiU  in  warm  tulics,  so  as  to  heat  I  be  l>lcod 
pacing  through  them.  In  this  co&e  the  heated  blood  acts  directly  upon  the  brain,  the  medulla,  and 
the  cerebral  resiwratury  centres  {Gad).  Direct  cooling  diminishes  the  excitaliility  (Frfdfriftf). 
'\^'ben  the  temperature  is  increosciJ,  vigorous  artiticial  rcApiration  docs  not  produce  apncca,  althongh 
!lbe  blood  is  highly  arteriolized  {.tcJkermann).  Jimctics  act  in  a  similar  manner  [^UermaHH  and 
Grimm), 

Electrical  stimulation  of  the  medulta  oblongoia,  after  it  is  separated  from  the  brain,  dlKharges 
lespiratory  movements  or  increases  those  already  present  i^Kronecktr  and  Afarckri'nM).  I^agen* 
ModT  found  that  elccttical,  mechanicnl.  or  chemical  (salts)  stimulation  usually  caused  an  expiratory 
[tfled,  while  stimulation  of  the  certical  siptnal  cord  (subordinate  centre)  gave  an  inspiratory  effect. 
According  to  Lalxirde,  a  superficial  lesion  in  the  region  of  the  calamus  scripitjrius  causes  standstill 
of  the  respiration  fur  a  few  minutes.  If  the  peripheral  end  of  the  va^us  be  stimulated,  so  ois  to  arrest 
tike  action  of  the  heart,  the  respiratinni  also  cease  after  a  few  seconds.  Arrest  of  the  heart's  action 
evtics  a  Icniporary  anxmia  of  the  medulla,  in  consetjuencc  of  which  its  excitability  is  lowered,  so 
Ibat  the  respirations  cease  for  a  time  {/.angfHdorJf). 

Action  on  the  Centre. — The  respiratory  centre,  besides  being  caf>ablc  oT 
being  stimulated  directly,  may  be  infiucnccd  by  the  will,  and  also  reflexly  by 
Stimulation  of  a  nuitiber  of  afferent  nerves. 

I.  Py  a  voluntary  impulse  we  may  arrest  the  respiration  for  a  short  time,  but 
only  imtil  the  blood  becomes  so  venous  as  to  excite  the  centre  to  increased  action. 
The  number  and  depth  of  the  respirations  may  be  volnntanly  increased  for  a  long 
time,  and  we  may  also  voluntarily  change  the  rhythm  of  respiration. 

a.  The  rcs]Hralury  centre  may  be  influenced  rcficxly  both  by  fibres  which  excite 
it  to  increased  attion  and  by  others  which  in/tibit  its  action,  (a)  The  exciting 
'fibres  lie  in  the  pulmonary  branches  of  the  vagus,  in  the  optic,  auditory,  and  cuta- 
;Deous  nerves:  normally  their  action  overcomes  the  action  of  the  inhibitory  fibres. 
Thtis,  a  cold  bath  deepens  the  respirations,  and  causes  a  moderate  acceleration  of 
the  pulmonary  veniilaiion  (Speck). 

Section  of  both  vagi  causes  slower  and  deeper  respiratory  movements, 
owing  to  the  cutting  off  of  lho.se  impulses  which  under  normal  conditions  pass 
from  the  lungs  to  excite  the  respiratory  centre  (p.  712).  The  amount  of  air 
taken  in  the  CO,  given  off,  however,  is  unchanged,  but  the  inspiratory  efforts  are 
more  vigorous  and  not  so  purposive  {Gad).  IV^ak  tetanizing  currents  ajjplied  to 
the  cf/t/ra/  Knd  of  the  vagus,  crause  acceleration  of  the  respirations,  while,  at  the 
same  lime,  the  efforts  of  the  respiratory  muscles  may  be  increased,  or  diminished, 
I  or  remain  unchanged  (Gad).  Strong  tetanizing  currents  cause  standstill  of  the 
I  respiration  in  the  inspiratory  phase  (Trau^e),  or  especially  in  fatigtie  of  the  nerves, 
in  the  expiratory  phase  (Budge,  Burkarf).  Sing/e  induction  shocks  have  no  effect 
{^Mankioald  and  Kronecker). 

[Marckwald.  while  admitting  that  the  respiratory  centre  is  automatically  active,  as  well  as  capable 
of  beio)'  aJTccted  rctleAly,  comes  to  the  conclusion,  that,  when  the  centre  is  sci>aratcd  from  bI!  ncr^'c 
clianncU  by  which  afferent  impulses  can  be  conveyed  to  it,  it  ii  incapable  of  discharging  ih>lhmical 
respiratory  movements.  He  abo  asserts  that  the  normal  rhythmical  respiration  i.s  n  ruHcx  act 
discharged  chiefly  through  the  vagi,  and  that  the  rormal  excitant  of  the  rebpirati.ry  centre  is  not 

[  dependent  on  the  condition  of  the  blood,  either  on  the  diminution  of  D,  or  the  increase  of  O),. 
These  results  are  opixiscd  to  the  usually  accepted  view,  and  they  are  conirovertcd  by  Loewy. 
I>ivision  of  the  medulla  oblongata  al>ovc  the  res))irmory  centre,  so  as  to  cut  off  all  cerebral  channels 
of  communication ,  has  very  tittle  effect  on  the  respirations.     If,  aAer  lbi>),  one,  or  both  vagi  be 

.  dividetl,  there  is  (l)  an  fxlraordinary  ilowing  of  the  rc^tpiration ;  the  number  of  respinuions  may 
fall  in  the  rabbit,  from  20  to  2  or  4  per  minute;  (2)  the  rhythm  is  changed,  in  some  cases  the 
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insfurmtion  may  be  twice  or  thrice  as  long  fts  Uie  expirBtton.  bat,  whatever  the  nuio  of  fiii|]>rukia  U 
expiration,  the  respiration  i>  rhythmical ;  (3)  the  tWumr  of  air  respiretl  ta  ()iintnt«hrtl  (p-  715),  h« 
(be  volume  for  each  respiration  is  deeper;  (4)  the  tntmthoracic  pressure  i»  increased,  duttof^  uu^ars- 
tion,  and  daring  expirntton  It  is  the  sorae  as  before  the  vagplomy.l 
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[The  aboTe  table  (from  Loewr)  shows  the  result.  Loewy  6nds  that,  if  a  centre  be  arpfUJ 
from  all  centripetal  chnnneb,  it  still  (litharges  ropiraiory  movcmriits,  which  are  rhythmical,  and  he 
has  shown  that  these  ihyihmical  dt!icbArgc&  arc  due  to  the  condition  of  iht  blood.] 

[If  one  lung  be  made  atclcctic.  1.  e.,  devoid  of  air,  e.  g.,  \jry  plnf^QS  ili  lirinchu»  wilb  a  apiMlfl 
tent,  ihen  the  pulmonary  fibres  of  the  vagus  from  this  lung  are  no  longer  excited  during  rei[linlMa» 
and  their  section  has  no  effect  on  the  respiroikin.  Section  of  the  vagus  on  the  sound  side,  bowew, 
has  the  same  consequence  as  double  vagotomy  ( Loftt<y).'\ 

WedeniJii  and  Iteidenbnin  find  that  a  temporary^  tutnk^  electrical  stimulus  apfilieil  to  ihr  central 
end  of  the  vagus.at  the  bcf^inning  of  inspiration  (rabbit),  affects  the  depth  of  the  succeeding;  inspira 
tioru,  while  a  similar  strnni;  stimulus  affcct-i  aUo  the  depth  of  the  fallowing  cAptraliun.  If  tkr- 
ititnultis  be  applied  ju!>t  ut  the  coinmencement  of  expiration,  stronger  uiiuuli  being  te<-iuired  in  this 
caK,  there  is  a  diintnutiou  uf  the  expiration  and  of  the  following  inspiration.  ContiHHiii  ictaau: 
stimulation  of  the  vagiu  may  cauM  decrease  in  the  depth  of  the  expinuiuns,  or  at  the  Mine  lioi^^.^ 
alteraiioo  in  the  depth  of  the  inspirations,  vitbintt  alTecting  the  respiratory  rhythm ;  when  tb^k.  ^, 
Btimulation  is  r/ri>N^vr.  inspiration  and  expiration  are  dimini'-hed  with  or  without  alteraiion  of  tb»  .^kth 
fret|uency,  and  with  tlie  strongeit  stimuli,  respiratians  ceiue  cither  in  the  inspiratory  o*  eaptraiorg^  ^ 
phase. 

{b)  The  inhibitory  nerves  which  affect  the  respiratory  centre  run  in  the  sup^^»<. 
rior  laryngeal  nerve  (^dJ^rt/Zm/J,  and  also  in  the  inferior  {PfiBger  anJ  BmrkarmL^ — /, 
Nering,  Breuer),  to  the  respiratory  centre  (Fig.  467,  ink). 

According  to  Laogendorff,  direct  electrical,  mechanical,  or  chcmicnl  stimulation  of  the  cetag-^  ~-=:iv 
niity  arTe»t  rcspirotion,  perhaps  in  consequence  of  the  Mimulus  affecting  the  ccttlnil   end%  of  tW      ' — H 
inhibitory  nerves  where  they  enter  the  ganglia  of  the  respiratory  trenire.     1  Utring  the  rcflci  iohil 
of  the  respiration  in  the  expiratory  phaM.\  there  is  a  suppression  of  ibc  motor  iinjiuUe  to  the  inspiri 
centre  (H'V^r/'c). 

Stimulation  of  the  superior  or  inferior  laryngeal  nerves  (j^)  or  their  central  ejtc^i 
causes  slowing,  and  even  arrest  of  the  respiration  (in  expiration — Rotentkar^. 
Arrest  of  tlie  respiration  in  expiration  is  also  caused  by  stimulation  of  the  nasA^ 
{Nen'ng  ami  Kratschmer)  and  ophthalmic  branches  of  the  trigeminus  f  Chris/igmT). 
of  the  olfactory,  and  glosso-pharyngeal  {Marckwald).     [Kratschmer  found  lh»r 
tobacco  smoke  blown  into  a  rabbit's  nostrils,  or  puffed  through  a  hole  in  the 
trachea  into  the  nose,  by  stimulating  the  nasal  branch  of  the  fifth  nerve,  arrested 
the  respiration  in  the  expiratory  phase  ;  while  it  had  no  effect  when  blown  into  the 
lungs.     Ammonia  vapor  applied  to  the  nostrils  arrests  it  in  the  same  way.    If 
ammonia  vapor  be  blown  into  the  lungs  (the  nasal  cavity  being  protected  from  its 
action),  the  respiration  may  be  accelerated,  or  deepened,  or  arrested  occa&iotuUy 
in  expiration,  /.  a,  according  to  the  fibres  of  the  vagus  acted  on  by  the  vapor  in  the 
lungs  ( Afltf//).]     Stimulation  of  the  pulmonar>*  branches  of  the  vagus  by  brcaihiog 
irritating  gases  {KnoH)  causes  standstill  in  expiration,  although  some  other  gaso 
cause  standstill  in  inspiration.     Chemical  stimulation  of  the  trunk  of  the  vagu»— 
by  dilute  solutions  of  sodic  carbonate — causes  expiratory  inhibition  of  the  respilt* 
tion ;  and  mechanical  stimulation— rubbing  with  a  glass  rod — inspiratory  inbibition 
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UJCho//),  The  stimulation  of  sensory  cutaneous  nerves,  especially  of  the  chest  and 
^abdomen  (as  occurs  on  taking  a  cold  douche),  and  stimulation  of  the  splanchnics, 
'Cause  standstill  in  expiration,  the  first  cause  often  giving  rise  to  temporary  clonic 
[contractions  of  the  respiratory  muscles.  The  respirations  are  often  slowed  to  a 
t  very  great  extent  by  pressure  upon  the  brain  [whether  the  pressure  be  due  to  a 
tdepressed  fracture  or  effusion  into  the  ventricles  and  subarachnoid  space].  The 
•respiration  may  be  greatly  oppressed  and  stertorous. 

The  amount  of  work  done  by  the  respiratory  muscles  U  altered  during  the  rellex  slowing  of  the 
Itespiralory  muscles,  ihc  work  being  increased  during  slow  respirarion,  owing  lo  the  incAectuu)  inspi- 
■■nioiy  ciraiU  [  Gaj).  The  volume  of  the  gaaes  which  passes  through  fhe  lungs  during  a  given 
|timc  remains  unchAnged  i^falentin),  and  the  gaseous  exchanges  arc  not  altered  at  first  {Voit  anJ 

Automatic  Regulation. — Under  normal  circumstances,  it  would  seem  that 
the  pulmonary  branches  of  the  vagus  act  upon  the  two  respiratory  centres,  so  as  to 
set  in  action  what  has  been  termed  the  j('^-r7<^//j//w;f  mechanism  ;  thus,  the  inspira- 
tory dilatation  of  the  lungs  stimulates  mechanically  the  fibres  which  reflexly  excite 
'the  expiratory  centres,  while  the  diminution  of  the  lungs  during  expiration  excites 
the  nerves  which  proceed  to  the  inspiratory  a^xiUt  {Hiring  ami  Brcuer^  Head). 
£Thus,  blowing  into  the  lungs  excites  the  act  of  expiration,  and  sucking  air  out 
of  them  excites  inspiration.] 

!In  this  w»y  we  may  exptnin  the  .ilternate  piny  of  inspiration  and  expiration.  In  deep  narcosis, 
fcowever,  dilatation  of  the  thorax  iu  animals  is  followed  lirst  by  cessation  of  the  respiratory  movements, 
|»nd  then  by  inspinttion  (/^.  Gutlmann). 
Discharge  of  the  First  Respiration. — The  foetus  is  in  an  apnccic  condition 
^until  birth,  when  the  umbilical  cord  is  cut.  During  intra-uterine  life,  O  is  freely 
applied  TO  it  by  the  activity  of  the  placenta.  Ail  conditions  which  interfere  with 
(this  due  supply  of  O,  as  compression  of  the  umbilical  vessels  and  prolonged  labor 
[pains,  cause  a  decrease  of  the  O  and  an  increase  of  the  CO,  in  the  blood,  so  that 
[the  condition  of  the  foetal  blood  is  so  altered  as  to  stimulate  the  respiratory  centre, 
raind  thus  the  impulse  is  given  for  the  discharge  of  the  first  respiratory  movement 
{Sch7i»artz).  A  foetus,  still  within  the  unopened  foetal  membranes,  may  make 
'jespiratory  movements  (  Vesaiius^  1542).  If  the  exchange  of  gases  be  interrupted 
to  a  sufficient  extent,  dysjmiea  and  ultimately  death  of  the  fcttus  may  occur.  If, 
,however,  the  venous  condition  of  the  mother's  blood  develops  very  slowly,  as  in 
'Cases  of  quiet,  slow  death  of  the  mother,  the  medulla  oblongata  of  the  ftelus  may 
gradually  die  without  any  respiratory  movement  being  discharged  (§  324,  5). 

According  lo  this  view,  the  respiratory  movements  ore  due  In  the  direct  action  of  ihe  dyspntcic 
'Uood  upon  the  medulla  oblongata.  [The  excitability  of  the  respiratory  centre  is  less  in  the  ffKitu 
(than  in  the  newly  born,  and  it  increases  from  day  to  liny  after  birth.  Among  the  causes  of  the  dimin- 
ished excitability  are  the  small  amount  of  O  in  fa-tal  blood,  and  the  slow  velocity  of  the  circulation. 
Ilf  an  inspiration  is  discharged  in  tlie  f<i:tU8,  it  ui  at  vncc  inhibited  by  fluid  ]>aj»ing  into  the  notttril^  and 
jnhibtting  the  act  retlexty.  The  chief  cause  of  the  first  respiration  after  birth,  is  undouUedly  the 
[increasing  venosity  of  the  blood,  and  alio  the  disappearance  of  the  above  named  retlcx  inhibitor}* 
procesR-l  Death  of  the  mother  acLi  like  compression  of  the  umbilical  cord.  In  the  former  case,  the 
•tuatcmal  venous  blood  robs  the  foetnl  bluod  of  its  O.  so  that  death  of  the  fcctus  occurs  more  rapidly 
\{Zunti).  If  the  mother  be  rapidly  poisoned  with  CO  (|  17),  the  ftxtus  may  live  longer,  as  the 
CO-hxtnoglobin  of  the  oiatemal  blood  cannot  take  any  O  from  the  frttal  blood  \\  Xt—Ucgyes).  la 
tfow  poisoning  the  CO  pav<ies  into  the  fi^tal  blood  [Gr^hant  ami  QuhtfuanJ). 

In  miuiy  ca<se5.  especially  in  cases  of  very  prolongcil  labor,  the  excitability  of  the  respiratory  centre 
tauy  be  so  diminiiihcd,  that  after  birth,  the  dyspiutic  condition  of  the  blood  alone  iA  not  suflicient  to 
txcite  rtspinilion  in  a  normal  rhythmicnl  manner.  In  such  casu  iiimufntion  of  the  j>;n  also  acts, 
t-g;  partly  by  the  cooling  produced  by  the  evaporation  of  the  amniotic  Hiiid  from  the  skin.  When 
•ir  has  cnler^  the  lunga  by  the  Hrst  respiratory  movements,  the  ahr  within  the  lungs  also  excites  the 
pulmonary  branches  oTthe  vagus  {P/liiger),  and  thus  the  respiratory  centre  is  siimulaied  reflexlyto 
tncreoacd  activity.  According;  to  v.  Vrt- u<)Chen'b  ohser^-ations,  stimulation  of  the  cutaneous  nerves  is 
Bkore  dfeclive  titan  (hat  of  (he  pulmonary  branches  uf  the  vagus.  In  animals  which  have  been 
rendered  apnitiic  by  free  ventilation  of  their  lungs,  respiratory  movemenUt  may  be  dischai^ed  by 
,Btrong  cutaneous  stimuli,  i.  ^..dashing  on  of  cold  water.     The  mechanical  stimulation  of  theskio  by 


U 


718        DIRECT  STIMULATION  OF  THE  CARUIO-INUrBITORY  CENTI 


Action  or  sharp  blows,  or  the  l^Ip1ication  of  a  cold  doache,  euilei  the  mpiratory  en 

the  placentdt  circulation  is  intact,  cutniicous  stimuli  do  not  di&chvge  respiratory  movcmeon  (. 

and  CoAnj/ein),  (Artificial  respiration,  {  134). 

[Action  of  Drugs  on  the  Respiratory  Centre. — Amnjonis,  salts  of  zinc  and  copper, 
alropiii,  fluUiisin.  apnmorphin,  ftnetin,  the  (ligiuhs  group,  and  hcnt  incrrase  the  rapioitT  and  ^ 
of  thr  re^piraiinns,  while  thry*  become  frequent  nnd  shallower  after  the  use  of  alcohol,  opium,cUfMilc 
chloruform,  physosiigmia.  The  excitability  of  the  centre  is  first  increased  and  then  iliniiiiiilMil  by 
cafTeln.  r.icotin,  quinine,  nnd  saponin  [Sru»toti).]\ 

369.  CENTRE  FOR  THE  INHIBITORY  NERVES  OF  THE 
HEART— (CARDIO  INHIBITORY).— The  fibres  of  ihe  vagus,  when 
moderately  stimulated,  diminish  the  action  of  the  heart ;  when  strongly  stimulated, 
however,  they  arrest  its  action  and  cause  it  to  stand  still  in  diastole  (§  353,  ;>; 
they  arc  supplied  to  the  vagus  through  the  spinal  accessory  nerve,  and  have  iJieif 
centre  in  the  medulla  oblongata  (§  353). 

[Gaskell  has  shown  that  stimulation  of  the  vagus  not  only  influences  the  rhythm 
of  the  heart's  action,  but  modifies  the  other  functions  of  the  cardiac  muscle^ 
Stimulation  of  the  vagus  influences  (a)  the  auttfrnatU  rf^tkrn,  1.  t.,  the  rate  at 
which  the  heart  contracts  auiomatically ;  {h)  \\\c /orre  oi  the  contractions,  more 
especially  the  auricles,  although  in  some  animals,  *•.  g.,  the  tortoise,  the  ventricks 
are  not  affected  ;  (r)  \ht power  of  (ondmlion,  i.  e.,  the  capacity  for  conducting;  the 
muscular  contractions.  According  to  Gaskell,  the  vagus  acts  upon  the  rhytbmicAl. 
power  of  the  muscular  fibres  of  the  heart.] 

This  centre  may  be  excited  directly  in   the  medulla,  and  also  rcflexty, 
stimulating  certain  afTcrent  nerves. 

Many  nbscrvcra  a»uine  that  this  centre  is  in  a  state  of  tonic  excitement,  1. 1.,  that  there  ti  * 
continuou-s,  uninteiruptcd,  regulating,  and  inhiUlory  action  of  this  centre  upon  the  heart  throu^gh  ihr 
fibres  of  the  vagus.  According  to  UernMein,  this  tonic  CKcilctnent  is  caused  rcflcxiy  through  the 
abdominal  and  cerv*ical  sympathetic. 

I.  Direct  Stimulation  of  the  Centre. — This  centre  may  be  stimulated 
directly,  by  the  sanne  stimuli  tlwl  act  upon  the  respiratory  centre,  (i)  Su*iJfit 
anamia  of  the  oblongata,  ligature  of  V>oth  carotids  or  both  subclavians,  or  decapi- 
tating a  rabbit,  the  vagi  alone  being  left  undivided,  cause  slowing  and  even  tempo- 
rary arrest  of  the  action  of  the  heart.  (2)  Sudden  vetunts  hypertrmia  acts  in  a 
similar  manner,  e.g.^  by  ligaturing  all  the  veins  returning  from  the  head.  (3)  /«■ 
creased  venosity  of  the  blood,  produced  either  by  direct  cessation  of  the  respflrai 
tions  (rabbit),  or  by  forcing  into  the  lungs  a  quantity  of  air  containing  much  COji. 
{Traude).  As  the  circulation  in  the  placenta  (the  respiratory  organ  of  the  totts] 
is  interfered  wilh  during  severe  labor,  this  sufficiently  explains  the  enfceblemeot  ol 
the  action  of  the  heart  which  occurs  during  protracted  labor ;  it  is  due  to  stimula 
lion  of  the  central  end  of  the  vagus  by  the  dyspna*ic  blood  {B.  S.  Schuine),  (4) 
At  the  moment  the  respiratory  centre  is  excited,  and  an  inspiration  occure.  there 
a  variation  in  the  inhibitory  activity  of  the  cardiac  centre  (^Dondtrs,  P/liigef, 
Fridericq — §  74,  a,  4).  (5)  The  centre  is  excited  by  increased  biaod  pretsuff 
within  the  cerebral  arteries. 

II.  The  centre  may  be  excited  refiexly  by — (i)  Stimulation  of  sensory  nerves 
{Loven).  (2)  Stimulation  of  the  central  end  of  one  vagus,  provided  the  other 
vagus  is  intact.  (3)  Stimulation  of  the  sensory  nerves  of  the  intestines,  by  tapping 
upon  the  belly  (Goltz's  tapping  experiment),  whereby  lite  action  of  the  heart  is 
arrested.  Stimulation  of  the  splanchnic  directly  {Asp  and  Liuhvig),  or  of  the 
alxiominal  or  cervical  sympathetic,  produces  the  same  result.  Very  strong  stimula* 
lion  of  sensory  nerves,  however,  arrests  the  above-named  reflex  effects  upoo, 
vagus  {§  361,  3). 

Tapping  Experiment. — Goh^'s  experimeni  succeeds  at  once,  by  lapping  the  intcalincs  of 
directly,  ^iy,  with  the  handle  of  a  scalpel,  eypccinlly  if  the  intesline  has  been  eiipoaed  to  the  air 
short  lime,  so  as  to  become  inllamea  ( I'archaHoffY     Stimulation  of  ibc  stomach  of  the  dqg  <i 
slowing  of  Ihe  heart  beat  {S^,  Maytr  am/  Phiram),     [M'WUliam  finds  that  the  action  of  tW 
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heart  of  the  eel  may  be  arrested  reflexly  with  very  great  facility.  The  reflex  inhibition  is  obtained 
by  slight  stimulation  of  the  ^ills  (throui^h  the  bronchial  nerves),  the  skin  of  the  bead  and  tail,  uid 
parietal  peritoneum,  by  severe  injury  of  almost  any  part  of  the  animal,  except  the  abdominal  organs.] 

[Effect  of  Swallowing  Fluids. — Kroneckcr  has  shown  that  the  act  of  swallowing  interferes 
with  or  abolishes  Icmpomrily  the  can! io- inhibitory  action  of  the  vagii^,  so  th,-\t  the  pulse  rale  is  greatly 
acceleraled.  Merely  sippin)*  a  wiiicf^lusfful  of  water  may  raise  the  rate  30  per  cent.  Hence,  sip. 
piog  cold  water  acts  as  a  powerful  curdiac  stimulant. 1 

.■\ccording  to  Hering,  the  excitability  of  the  card  io- inhibitory  ceotre  is  diminished  by  vigorous 
artiticiaJ  ventilalion  uf  the  lungs  with  atmospheric  air.  At  the  same  lime,  there  in  a  considernlilc  full 
of  the  blood  pre&sure  ($  352,  8,  4).  In  man,  a  vigorous  expiration,  owin^  to  the  increased  inira- 
pulmonnry  pressure,  causes  an  acceleration  of  the  heart  beat,  which  Sommerbnxlt  asciiLes  to  a 
diminution  of  the  activity  of  the  vagi.  At  the  same  lime  the  activity  of  the  vasomotor  centre  is 
diminished  ( I  60,  z). 

Stimulation  of  the  trunk  of  the  vagus  from  the  centre  downward,  along  its 
whole  course,  and  also  of  certain  of  its  cardiac  branches  [inferior  cardiac],  causes 
the    heart  cither   to    beat   more 

slowly,  or  arrests  its   action   in  f'c-  4^8. 

diastole.  The  result  dc^x^nds 
upon  the  strength  of  the  stimulus 
employed ;  feeble  stimuli  slow 
the  action  of  the  heart,  while 
strong  stimuli  arrest  it  in  dias- 
tole. The  frog's  heart  niay  be 
arrested  by  stimulating  the  fibres 
of  the  vagus  upon  the  sinus  ve- 
nosus  [or  by  stimulating  the 
vagus  in  its  course  as  in  Fig. 
468].  If  5/rit/tjr  stimuli  be  applied,  either  to  the  centre  or  to  the  course  of  the 
ncr^'C,  for  a  /(?r/g  /tme,  the  part  stimulated  becomes  fati^ud  and  the  heart  beats 
more  rapidly  in  spite  of  the  continued  stimulation.  If  a  part  of  the  nerve  lying 
nearer  the  heart  be  stimulated,  inhibition  of  the  heart's  action  is  brought  about, 
as  the  stimulus  acts  upon  a  fresh  portion  of  nerve. 

Tlte  following  pmnis  have  also  been  ascertained  regarding  the  stimulation  of  the  Inhibitory 
fibres  :— 

I.  The  experiments  of  LOwit  on  the  frog's  heart,  confirmed  by  Heidenhain,  showt-d  that  cleclrical 
and  chemical  stimulation  of  the  vogus  produce  different  results,  a«<  regards  the  extent  of  the  ventricu- 
lar systole,  Kf,  well  as  the  numl>er  of  heart  beats;  the  contractiotts  either  become  smaller,  or  less 
frequent,  or  ihey  become  smaller  ond  leas  frequent  simultAocousty.  Strong  stimuli  cause,  in  addition, 
well-marked  relaxation  of  the  heart  muscle  during  diastole. 

3.  In  order  to  cause  inhibition  of  the  heart,  a  continuous  stimulus  is  not  necessary.  A  rhytkmi- 
laily  iHlerrupted  moderate  i^timuliis  suBicei^  Kt'-  Betald\ ;  18  to  20  stimuli  per  second  are  rei]uired 
for  mammals,  and  2  to  3  per  second  for  cold-blooded  animals. 

3.  Donders,  with  Prahl  and  Niicl,  observed  that  arrest  of  the  hean's  action  did  not  take  place 
immediately  the  stimulus  was  applied  to  the  vagus;  but  alK>ut  \-^  of  a  second — period  of  latent 
BttmuUtion— elapsed  before  the  effect  was  produced  on  the  heart. 

4.  If  the  heart  be  arrested  by  stimulation  of  the  vagus,  it  can  still  contract,  if  it  be  excited  t^ir/r//)', 
e.gy  by  pricking  it  with  a  needle,  when  it  cxtcutes  a  linj^lc  contraction.  [ITiis  holds  good  only  for 
some  animals,  ^.j,'.,  frog,  tortoise,  birds  and  mammals.  In  fishes,  only  the  ventricle  responds  to 
stimulation  during  marked  inhibiliun ;  in  the  newt,  only  the  bulltus  arteriosus.  In  the  newt's  heart, 
the  siiius,  auricles,  and  ventricle  are  all  inexciuLile  to  direct  stimulation  dunng  stioiig  inhibiliun.l 

5-  According  to  A.  U.  Meyer,  inhibitory  )ibre-s  are  present  only  in  the  right  vagus  in  the  turtle. 
It  is  usually  sutcd  that  the  right  vagus  is  more  effective  than  the  left  in  other  animals,  e,,i;.,  rabbit 
{Maioin) :  but  this  is  subject  to  many  exceptions  {Landais  and  LangrndQrjf ).  [In  the  newt,  the 
rt[;ht  vagus  acts  more  readily  on  the  ventricle  than  on  the  other  pnvts  of  the  heart ;  slight  stimulation 
of  the  ri|jht  vagus  can  arrest  Ihe  ventricle,  while  the  sinus  and  auricles  go  on  beating.] 

6.  The  vagus  has  been  compressed  by  the  finger  in  the  neck  of  man  ( Cifrnuik,  Conca/o) ;  but  this 
eAperiment  is  accompanied  by  danger,  and  ought  not  to  be  undertaken.  The  eleclrutonic  condition 
of  the  vagus  is  stated  in  ^  335,  III. 

7.  Scbifffbund  that  stimulation  of  the  vagiisof  the  frog  caused  acceleration  of  the  heart  beai.when 
he  displaced  the  blood  of  the  heart  with  saline  solution.  If  blood  serum  be  supplied  to  the  heait, 
the  vagus  retains  its  iobibitory  action. 
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8.  Many  soda  salts  in  a  proper  concenlralion  arrest  the  tnlubltory  action  of  the  vagaa,  vhUe 
potash  salta  restore  the  inhibitory  function  of  Lbe  vagi  suspended  by  the  soda  salts.     If.  bo«e«c{ 
the  sntln  or  pofash   salts  act   ton  long  uj»n  the  heart,  they  |>roduce  a  condition  in  whii  h,  after 
inhibitory  function  of  the  vagi  is  abolii^hcd,  it  u  not  again  rcftioiird.     The  bean's  action  in 
condition  is  iiMially  arhythmical  {LSitni). 

9.  If  the  intracardial  pressure  be  greatly  increased,  so  as  to  accelerate  f:reat]y  the  cardiac 
sations,  the  activity  of  the  vn^us  i^  corrciipunditigly  diminislicd  (J.  Af.  Liniwi^;  ohJ  l.miAsiH,^r). 

[Differences  in  Animals. —  Perhaps  the  most  remarkable  fact  in  connection  with  ihc  indoeiice 
of  the  vagus  on  the  eel'&  heart  am]  that  of  all  other  (iahea  c&annitcd.is,  that  vigiu  slimulatiunci 
the  siuus  and  auricle  to  be  entirely  inexcitable  to  direct  stimulntion  during  strong  inhibition.     N 
stimulation  hoi  in  this  case  the  ver}' peculiar  effect  of  rendering  the  muscular  liuuc  lemj^ 
incapable  of  responding  to  even  the  Mronge5T  direct  stimuli,  f^g.,  powerful  induction  »hncks. 
would  a|>pear  to  I>c  decisive  evidence  thai  the  va}>us  acts  on  muscle  directly,  and  doC  sinqJy  at 
outomalic  motor  ganglia,  rs  was  held  according  to  the  old  view  {Af  li'i'/Ji^im).] 

Poisons.— /l/Mf<-<?ryM  stimulates  the  terminations  of  the  vagus  in  the  heart,  and  causes  Ike  bcaR 
to  stand  still  in  diulolc  (ScAmuife&er^'  anj/  /Cop/f).     [See  p.  127  for  GaHkell's  views.]      l(  afrv/imW 
amlied  in  solution  to  the  heart,  this  action  is  set  o^idr,  and  the  heart  begins  to  beat  again.     [Atropia 
abolishes  completely  the  inhibitory  action  of  the  vagus  on  the  bean,     [f  it  l>c  injected  into  the  juguT 
vein  of  a  rabbit,  iht;  puUe  beats  ate  iiicreaMd  37  jwr  cent  ,  in  the  dog,  they  may  be  trrbled,  and 
man  under  itis  full  inllucuce  the  pulse  beats  may  rise  from  70  to  150  or  more.     After  airopin,  tt 
impossible  to  arrest  the  action  of  the  heart  by  stimulation  of  the  vagus,  and  in  the  frog  this  cannct 
done  even  by  stimulation  of  the  inhibitory  centre  in  the  heart  itself,  so  that  airopin  must  be 
Its,  paralyzing  ihc  in/ra-fan/iar  termimitiotu  of  the  vagun.]      Di^itahn  diminishes  the  ni 
heart  beats  \vj  stimulating  the  cardie- inhibitory  centre  (vagus)  in  the  medulla.     Large  doses 
the  excitability  of  the  vagus  centre,  and  increase  at  the  same  time  the  accelerniing  cardiac 
so  that  the  heart  beats  are  thereby  increased.     In  small  doses,  digitalin  raises  the  blood  unasuie 
stimulating  the  vasomotor  centre  and  the  elements  of  the  vascular  wall  ^  A7«y).     Nifittin  hrsi  cx'^ 
ihc  vagus,  then  mpidly  paralyzes  it.     Hy.iraiynnu'  ncid  has  the  sariK  effect  {Preyfr\.     /itraf^i. 
Bfzpid)  and  curara  (large  dose — C7.  Bernard  and  KalUker)  paralyze  the  vagi,  and  so  does  a  vi 
low  temperature  or  high  fever. 

370.  CENTRE  FOR  THE  ACCELERATING  CARDIAC 
NERVES. — Nervus  Accelerans. — It  is  more  than  probable  that  a  cenirc 
exists  iit  tlie  medulla  oblongata,  which  sends  acceUraiing  fibres  to  the  heart 
These  fibres  pass  from  the  medulla  oblongata — but  from  which  part  thereof  h« 
not  been  exactly  ascertained — through  the  spinal  cord,  and  leave  the  cord  throujii 
the  rami  communicantes  of  the  lower  ccr\ical  and  upp>er  six  dorsal  nene* 
(Stticker),  to  pass  into  the  sympathetic  nerve.  Some  of  these  fibres,  issuing  from 
the  spinal  cord,  pass  through  ihc  first  thoracic  sympathetic  ganglion  and  the  ri 
of  Vieussens,  to  join  the  cardiac  plexus  (Figs.  469,  470).  [These  fibres,  proccedi 
from  the  spinal  cord,  frequently  accompany  the  nerve  running  along  the  veriebi 
artery],  and  they  constitute  the  Nervus  acee/erans  cordis.  [Fig.  470  shows  I 
accelerator  fibres  passing  through  the  ganglion  stcllatum  of  the  cat  to  join  the 
cardiac  plexus.]  If  the  vagi  of  an  animal  l>e  divided,  stimulation  of  the  racdulli 
oblongata,  of  the  lower  end  of  the  divided  cervical  spinal  cord,  even  of  the  lo»ef 
cervical  ganglion,  or  of  the  upper  dorsal  ganglion  of  the  sympathetic  (6'tfV- 
siel/att4m),  causes  acceleration  of  the  heart  beats  in  the  dog  and  rabbit,  wi 
the  blood  pressure  undergoing  any  change  (CA  Bernard,  v.  Bezoid^  Cyon), 

On  stimulating  the  medulla  oblongata,  or  the  cervical  portion  of  the  spinal  cord»  the  ■yajmwmif 
nerves  ore^  of  course,  simultaneously  excited.  The  consequence  is  that  the  blood  vessels,  si^fiM 
by  vasomotor  nerves  from  the  spot  which  is  stimulated,  contract,  and  the  blood  pressnre  b  pwy 
increased.  Again,  a  simple  increase  of  the  blood  prcf>surc  accelerates  the  aaion  of  the  heart;  tin 
expQimcnt  does  not  prove  directly  the  cxisteDCC  of  accelerating  filvcs  lying  in  the  upper  port  of  lbe 
spinal  cord.  If,  however,  the  splanchnic  nerves  he  divided  beforehand  {when,  as  they  sapfily  tia 
largest  vasomotor  area  in  the  body,  the  result  of  their  division  is  to  cause  a  great  fall  of  th>e  tilood 
prc»uirc),  then  on  stimulating  the  almvc-named  par1.s  after  thift  operation,  the  heart  beats  are  uiU 
increased  in  number,  so  that  this  increase  cannot  l>e  due  to  the  increased  blood  pressuic.  Iiidiiectli 
it  may  be  shown,  by  dividing  or  extirpating  alt  the  nerves  of  the  cardiac  plexus,  or  at  least  all  ibr 
nerves  going  to  the  heart,  that  stimulation  of  the  medulla  oblongata,  or  cervical  pan  of  tbtt  ipBaJ 
cord,  no  linger  causcR  an  incicased  frequency  of  the  heart's  action  In  the  same  eatent  as  brfOi" 
division  of  these  nerves.  The  slightly  increased  frequency  in  this  case  is  doe  to  the  ioereased  Uwrf 
pressure. 
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The  accelerating  centre  is  certainly  cot  continually  in  a  state  of  ArmV  excite- 
ment, as  section  of  the  accelerans  nerve  docs  not  cause  slowing  of  the  action  of 
the  heart;  the  same  is  true  of  destruction  of  the  medulla  oblongata  or  of  the 
cervical  spinal  cord.  In  the  latter  case,  the  splanchnic  nerves  must  be  divided 
beforehand,  to  avoid  the  slowing  effect  on  the  action  of  the  heart  produced  by 
the  great  fall  of  the  blood  pressure  consequent  upon  destruction  of  the  cord, 
otherwise  we  might  be  apt  to  ascribe  the  result  to  the  action  of  the  accelerating 
centre,  when  it  is  in  reality  due  to  the  diminished  blood  pressure  (Cyon). 

According  to  the  results  of  the  older  observers  {v.  Bezoid  and  others) ^  some 
accelerating  fibres  run  in  the  cervieai  sympathetic.     A  few  iibres  pass  through  the 


Fic.  469. 


Fig.  470, 


IMO 


sc 


V 


^ 


YjLt. 


Fic.  469. — Sctiemc  of  the  coufm  of  the  sccelerami  Ubicy.  I',  pom  :  MO,  meduIlA  obLoogjiiU :  C,  tplnal  cord ;  V, 
lohlbiiory  centra  for  heart :  A.  accekrani  centre  ;  VAO.,vaKU>:  SL.  Kupeiior;  IL,  inferior  laryngeal:  SC,  supe- 
rior, IC,  inferior  csrdUc:   H.Iicart;    C,  cercbrAl  iinDiil**;  S,  cervical  4yrapat>)ct>c  ;  o,  a,  ncccWrnni  fibre*. 

Fig.  4J'1. — CJirdiac  pleitu«,  ami  gKriKllon  itclbtum  of  the  cat.  K.  righi.  L,  left  X  iM  :  i>  vagus;  »'■  cenriotiym- 
(uilhetic,  kiid  in  the  annulut  of  Vieii*»«nt .  a,  comfriunicalirij!  hrnncSe*  from  the  middle  cerviciil  2«nKtion  and 
the  ((Anxlioa  ilelUtum  ;  a',  ihomcic  sympatheiic  ,  i,  rccurtcni  Laryngeal ;  4,  dcprcf»cir  nerve  ;  ;,  middle  cervicml 
Bangilon  ;  5',  commit nicaiioD  between  S  and  the  vagiu  ;  6,  ganglion  slclUlum  (ist  thoracic  ganglion}  ;  7,  commu- 
nicating bnuiches  wiltt  the  vagus ;  (,  nervu«  accelerana  ,  S,  V,  &",  rooU  of  accelerant ;  9,  branch  ol  the  ganglion 
itellatum. 


vagus  to  reach  the  heart  (§  352,  7),  and  when  they  are  stimulated,  either  the  heart 
beat  is  accelerated  or  the  cardiac  contractions  strengthened  {Heidenhain  avd 
LHvit)^  or  the  latter  alone  occurs  {PawUnv).  The  inhibitory  fibres  of  the  vagus 
lose  their  excitability  more  readily  than  the  accelerating  fibres,  but  the  vagus  fibres 
are  more  excitable  than  those  of  the  accelerans. 

TarchnnofT  has  described  some  very  rare  cases  of  individuals  who,  by  a  merely  voluntary  efforiy 
uvd  while  at  rest,  the  resptrntiona  remaining  urnifTected,  could  nearly  double  the  number  of  their 
pulsd  beaLi. 

Modifying  Conditions. — When  the  peripheral  end  of  the  nervus  aectterans  is  silmulalcd,  a 
couiderable  time  cUpftcs  befurc  the  elTcct  upon  the  frequency  of  the  heart  takes  place,  i.(.,  it  has  a 
46 
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long  latent  period.     Further,  the  acceleration  ibtu  produced  distppean  grsdiully.     If  ihc  vafot 
and  accelerans  fibres  be  stirauloied  simultaneously,  only  the  knhibii-^  '    '     ri^Mift 

manifeslwi.      M^  whiU  tAe  acteierons  is  U-itiy  sliiiiuIalo<l,  Ibe  va^us  1-f  -•  <  toe  If  ft    , 

prompt  diminuiion  in  the  number  of  the  lieart  bents ;  aixl  if  the  stitnulatiot.  <J  ^.i,  ..^u. ..  aOMftd, 
the  accdcraUng  effect  of  the  accelcnuis  is  again  rapidly  m.itiifritcd  {C.  Ludwig  with  SckmntMtrg^ 
Bo',L*iiiuh^  iiaxt).     According  to  the  exporimcnts  of  Strieker  and  Warner  on  dogs  ^"^  boKh  v>fl^ 
divided,  a  diminution  of  tbc  ntunbcr  of  the  bean  l^cats  occurred  when  both  accelcnuites  wefc  diiriiktl     ) 
This  would  indicate  n  ionic  innervation  of  Ihc  latler  ncrve&. 

[Accelerans  in  the  Frog. — Oaskcll  showed  that  stimulation  of  the  rut^^ 
might  produce  two  opposing  efforts  ;  the  ofie  of  the  nature  of  inhibition,  the  oln^j 
of  augmentation.     In  the  crocodile,  the  accelerans  fibres  leave  the  sympathctx^ 
chain  at  the  large  ganglion  corresponding  to  the  ganglion  stellatum  of  thedo^^ 
and  run  along  the  vertebral  artery  up  to  the  superior  vena  cava,  and,  after  anasto- 
mosing  with  branches  of  the  vagus,  |iass  to  the  heart.     "Stimulation  of  thtsr 
fibres  increases  the  rate  of  the  cardiac  rhythm,  and  augments  xUc  farce  of  aurirulir 
contractions ;  while  stimulation  of  the  vagus  slows  the  rhythm,  and  diminnho 
the  strength  of  the  auricular  contractions."     The  strength  of  the  tenfruu/ar  ioo- 
traction,  both  in  the  tortoise  and  crocodile,  does  not  seem  to  be  influenced  b; 
stimulation  of  the  vagus,  and   probably  also  it  is  unaffected  by  the  sympathetic 
The  so-called  vagus  of  the  frog,  in  reality,  consists  of  pure  vagus  fibres  and  svo- 
pathetic  fibres,  and  is  in  fact  a  vago-syropathetic.     Gaskell  finds  that  stimnUlin 
of  the  sympathetic,  before  it  joins  the  combined  ganglion  of  the  sympathetic  oA 
vagus,  produces  pureiy  aagmentor  or  accelerating  cfTccls  ;   ^hWt  stimui^ttiffn  t*f  tk 
ttigust  before  it  enters  the  ganglion,  produces  purely  inhibitory  effects.     The  two 
sets  of  fibres  are  quite  distinct,  so  that  in  the  frog,  the  sym|)athetic  is  a  puid; 
augmentor  (accelerator),  and  the  vagus  a  purely  inhibitory  nerve.     Accelemioa 
is  merely  one  of  the   effects   produced  by  stimulation  of  these  nerves;  bcflcf. 
Giskell  suggests  that  they  ought  to  be  called  "augmentor,**  or  simply  cirdiic 
sympathetic  nerves.] 

[In  his  more  receut  researclia  Gaskell  asserts  that  vagtiKftimutation  produces yfri/  an  tnhibilcfv  f 
depressing  effect,  but  that  it  uliimalely  improves  the  condition  of  (he  heart  as  rr^ard»  force,  n(e,c 
repdariiy~one  or  all  of  these.     He  regarJs  it  as  a  iruc  anabolic  nerve  U  iA^t  d).J 

371.  VASOMOTOR  CENTRE    AND    VASOMOTOR    NERVES. 

— Vasomotor    Centre. —  The   chief  dominating  or   general   centre,  whiciij 
supplies  ail   the  non-striped  muscles  of  the  arterial  system  with  wo/iv  ncrraj 
(vasomotor,    vaso-constnctor,   vaso-hyi»ertonic   nerves),   lies    in    the   rocdnilj 
oblongata,  at  a  point  which  contains  many  ganglionic  cells  ( Lutfttng  and  Thn^. 
Those  nerves  which  pass  to  the  blood  vessels  arc  known  as  vasomotor  nervM. 
The  centre  (which  is  3  millimelrcs  long  and  i]z  millimetre  broad  in  the  ribbitj 
reaches  from  the  region  of  the  upper  part  of  the  floor  of  the  medulla  oblongitauj 
within  4  to  5  mm.  of  the  calamus  scriplorius.     Each  half  of  the  body  has  itsort 
centre,  placed  2'S  millimetres  from  the  middle  hne  on  its  own  side,  in  thatF*fi 
of  the  medulla  oblongata  which  represents  the  upward  continuation  of  the  Ut«f»l 
columns  of  the  spinal  cord  ;  according  to  I.iidwig,  Owsjannikow,  and  Dittroar,  in 
the  lower  part  of  the  superior  olives.     Stimulation  of  this  central  area  cioks 
contraction  of  all  the  arteries,  and,  in  consequence,  there  is  great  increase  of  ^ 
arterial  blood  pressure,  resulting  in  swelling  of  the  veins  and  heart.     Paraljr^j 
of  this  centre  causes  relaxation  and  dilatation  of  all  the  arteries,  and  conscquentljf 
there  is  an   enormous  fall  of  the  blood   pressere.     Vnder  ordinary  circumstanc 
the  vasomotor  centre   is  in  a  condition  of  moderate  tonic  excitement    (§366) 
Just  as  in  the  case  of  the  cardiac  and  respiratory  centres,  the  vasomotor  centK' 
mav  be  excited  directly  and  reflexly. 

[Position — How  ascertained. — As  stimulation  of  the  eentrat  end  of  1 
iensory  nerve,  e.g.,  the  sciatic,  in  an  animal  under  the  inBuence  of  curara»  causes 
a  rise  in  the  blood  pressure,  even  after  removal  of  the  cerebrum,  it  is  evident  1 
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the  cenire  is  not  in  the  cerebrum  itself.  For  the  effect  of  chloral,  under  the 
same  conditions,  sec  p.  724.  By  making  a  series  of  sections  from  above  down- 
ward, il  is  found  that  this  reflex  effect  is  not,  affected  until  a  short  distance  above 
the  medulla  oblongata  is  reached.  If  more  and  more  of  the  medulla  oblongata 
be  removed  from  above  downward,  then  the  reflex  rise  of  the  blood  pressure 
becomes  less  and  less  until,  when  the  section  Is  made  4  to  5  mm.  above  the 
calamus  scriptorius,  the  effect  ceases  altogether.  This  is  t;iken  to  be  the 
lower  limit  of  the  general  vasomotor  centre.  The  bilateral  centre  corresponds 
to  some  large  multipolar  nerve  cells,  described  by  Clarke  as  the  antero-lateral 
nucleus.^ 

I.  Direct  Stimulation  of  the  Centre. — The  amount  and  quaiity  of  the 
gases  conlamed  in  the  blood  flowing  through  the  medulla  are  of  primary  import- 
ance. In  the  condition  of  apncca  (§  368,  i),  the  centre  seems  to  be  very 
5:Iightly  excited,  as  the  blood  pressure  undergoes  a  considerable  decrease.  When 
the  mixture  of  blood  gases  is  such  as  exists  under  normal  circumstances,  the  centre 
is  in  a  stale  of  moderate  excitement,  and  rimning  parallel  with  the  respiratory 
movements  are  variations  in  the  excitement  of  the  centre  ( Traube-Hcring  curves — 
§  85),  these  variations  being  indicated  by  the  rise  of  the  blood  pressure.  When 
the  blood  is  highly  venous,  produced  either  by  asphyxia  or  by  the  inspiration  of 
air  containing  a  large  amount  of  CO„  the  centre  is  strongly  excited,  so  that  all 
the  arteries  of  the  body  contract,  while  the  venous  system  and  the  heart  become 
distended  with  blood  (Thiry).  At  the  same  time,  the  velocity  of  the  blood 
stream  is  increased  {lieidenhain).  The  same  result  is  produced  by  ligature  of 
.both  the  carotid  and  subclavian  arteries,  thus  causing  sudden  anaemia  uf  the 
jDeduUa  oblongata  ;  and,  no  doubt,  also  by  the  sudden  stagnation  of  the  blood  in 
renous  hyperaemia. 

Emptiness  of  the  Arteries  after  Oeatb.—The  vcnosit>-  of  the  blood  which  occurs  after  dcsth 
jllwsys  produces  an  energetic  stimulation  of  the  viuioniotor  centre,  in  consequence  of  which  the 
mertes  are  Brmly  contracted.  The  hlood  if  thereby  forced  toward  ihe  cnpUlaries  and  veins,  and 
was  IS  explained  the  "vni[Minesit  of  the  atttries  afler  UeiUli." 

Effect  on  Hernorrhaj^e. — Dlood  flows  much  mnrc  freely  from  large  wounds,  when  the  vaso* 
i&oior  cenuc  i.s  iniaci,  than  if  it  be  destroyed  (fiog).  As  psychical  excitement  undoubtedly 
influences  the  vaaumtitor  cenlrr,  we  tiiay  thus  explain  the  iiinuence  of  psychical  excitement 
(speaking,  etc.)  upon  the  cesuttlon  of  hemorrhage  If  the  hemorrhaf^e  be  severe,  stimulation  ot 
the  medulla  oblongata,  due  to  the  aoivmia,  may  uhimalely  cause  constriction  of  ihe  smalt  arteries, 
and  thu5  ajrest  the  bleeding.  Thux,  surgeons  are  aC'|uainEe*l  with  the  Tact  that  dangerous 
hcraorrbage  is  often  arrested  as  soon  as  unconsciousness,  due  to  cerebral  ananuiaf  occura.  If  the 
heart  be  ligatured  in  a  fro^,  all  the  blood  is  ultimately  forced  into  the  veins,  and  this  result  is 
also  due  to  the  anaiuic  stimulation  of  the  oblongata  [Gc/n].  In  mutf/Hta/s,  v/ben  Ihe  heart  is 
ligatured,  the  equilibration  of  the  blood  pressure  between  the  arterial  and  venous  sj'stems  lal^cs 
pUce  more  slowly  when  the  medulla  oldongatn  is  destroyed  than  when  il  is  intact  [v.  BfzoUt 

'  [Effect  of  Destruction  of  the  Vasomotor  Centre. — If  two  frogs  be  pithed  and  their  hearts 
ex)x>sed,  and  both  be  suspended,  then  Ihe  hearts  of  both  will  be  found  (o  beat  rhythmically  and  hll 
with  blood.  Destroy  ihe  medulla  oblongala  and  spinal  cord  of  one  of  Ihem,  then  immediately  in 
thi^  cose,  the  heart,  although  continuing  to  beat  with  an  altered  rhjthm,  ceases  to  be  filled  with  blood; 
it  appcitrs  coUap»«<l,  pale,  and  bloodless.  Tliere  is  a  great  accumulation  of  the  blootl  in  the  abdominal 
or)^ans  and  veins,  and  it  is  not  returned  to  the  heart,  so  that  Ihe  arteries  are  empty.  This  experiment 
of  Goltz  is  held  tf>  show  the  existence  of  rrmous  (cnus  depending  on  a  cercbro-spinal  centre.  If  a 
.^inib  of  this  froj  l)e  ampuiate<l,  there  is  little  or  no  hemonhage,  while  in  the  other  frog  the  hemor- 
rhage is  severe.  The  hearing  of  this  expcnment  on  conditions  of  "  shock  *'  is  evident.] 
r  Action  of  Poisons. — Strrehnin  stimulates  the  centre  directly,  even  in  curorixed  dogs,  and  so  do 
mieotin  and  Calabar  bean. 

r  Direct  Electrical  Stimulation.^-On  stimulating  the  ccilre  directly  in  animals,  it  it  found  that 
single  induction  shocks  only  become  effective  when  [hey  succeed  each  other  at  the  rate  of  2  to  3 
shocks  per  second.  Thus  there  is  a  "  summation  '*  of  ihe  f^inglc  shocks.  Tlie  maximum  contrac- 
tion of  the  arteries,  as  expressed  by  the  maximum  bl-vxl  pressure,  '\%  reached  when  10  lo  12  iti'ong^ 
or  10  to  25  moJfraif/y  strong  shocks  per  -sccund  arc  applied  {A'roHertfr  and  Xitoittitiei). 

Course  of  the   Vasomotor   Nerves. — From   the   vasomotor  centre    fibres    proceed  directly 
lu^  KMDC  of  the  cranial  nerves  to  their  area  of  distribution;  through  the  trigeminus  portly  to 
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the  interior  of  tbe  eye  (|  347, 1.  2),  through  the  lingual  and  hypoglostal  to  the  tongue  (| . 
Ill,  4.},  through  the  vagus  to  a  liiniied  extent  to  the  lungs  (l  352,  8,  3),  and  to  the  inte 
(3  J53.  Ill- 
All  the  other  vasomotor  nerves  descend  into  the  lateral  columns  of  the  sfiinal  cord  ({  364,  < 
hence,  strtnulstion  of  the  lower  cut  end  of  the  spinal  cord  causes  contnction  of  the  blood  vraeli 
ftupplird  hy  the  nerves  below  the  putm  of  section  {Pfiugcr).  In  their  course  through  the  conl,tbae 
hbrcs  form  connections  with  the  stUfordinate  vaiomofor  eenirrs  in  fke gray  mattfr  of  tk«  C9ni{\  j6^, 
7),  and  then  leave  the  cord  either  directly  through  the  anterior  roots  of  the  spinal  nerves  to  thai 
arens  of  distribution,  or  pass  through  the  rami  commnnicantes  into  the  syropatnettc,  and  Irom  tboD 
reach  the  blood  vessels  to  which  ihcyare  distributed  (^  356)  [sec  Fig.  439]. 

The  following  is  the  arrangement  of  these  nerves  in  the  region  of  the  head:  tht  <trTiiaJ  ftrtitn 
of  the  iymf>atketi£  »upplves  the  gretit  majority  of  the  bloo<l  vessels  of  the  head  (sec  Symf^kHu, 
\  356,  A,  3).  In  some  nnimals,  the  great  auricular  mrrve  supplies  a  few  vmomotor  fibre*  to  its  owa 
area  of  distribution  {Sehiff,  Lffnin,  Mortau).  The  vasomotor  ner^-e.^  to  the  upper  extrcnaiiies  pan 
through  the  anterior  roots  of  the  middle  dorsal  nerves  into  the  thoracic  symfrathetic.  aod  uffwaril  to 
the  \*\  thoracic  ganglion,  and  from  iVit^nce  through  the  rami  coramunicanle»  to  the  bracbixl  plcxm 
iSehiJ^,  Cyan),  liie  skin  of  the  trunk  receives  its  vasomotor  nerves  through  the  dorsal  and  lumbar  nervn 
The  vasomotor  nerves  to  the  lower  extremities  pnfcs  through  the  nerves  of  the  lumbar  and  sacimlplei' 
uses  into  the  sympathetic,  and  from  thence  to  the  lower  hmb»  {PfiHger,  Sthiff,  d.  Bemani\,  The 
lungs,  in  addition  to  a  few  tibre^  through  the  vagus,  are  supplied  from  the  cervical  spuul 
cord  through  the  1st  thoracic  gannlion  {Brown- Sfquard,  Fick  and  B^tJeud,  Licklhetm\  The 
splanchnic  is  the  greatest  vasomotor  nerve  in  tbe  body,  and  supplies  the  abdominal  viscera  >  t  JISS 
B — f.  Beiolii,  Ludwig  ami  Cyon).  The  vasomotor  nerves  of  the  liver  (J  173,  6),  Iddney  1 )  »7n  . 
aod  spleen  ($  103)  have  been  rcfcncd  to  already.  According  to  Siriclcer,  most  of  the  vaiomotit 
nervc»  leave  the  apinal  cord  between  the  5th  cervical  and  the  1st  dorsal  vcftcbnc.  fGaakcll  &Rrf» 
that  in  the  dog  (Fig,  439)  they  begin  to  leave  the  conl  at  the  ad  dox^l  nerve  (\  366).] 

As  a  general  rule,  the  blood  vessels  for  the  akin  nf  the  trunk  and  extremities  ore  innervated  irtm 
those  nerves  which  give  other  fibres  {f.  g-,  sensory)  lo  those  regions.  The  different  vaacalar  sroi 
behave  ilifTcrcnlly  with  regard  to  the  intensity  of  the  action  of  the  vasomotor  nerves.  Tbe  wmH 
powerful  vasomotor  nerves  are  those  that  act  upon  the  blood  veucls  of  peripheral  parts,  ^.^.,tbe  ton, 
the  lingers,  and  ears ;  while  those  that  act  upon  central  porta  seem  to  be  less  active  {^Lewankiwu 
i.ff.,  on  the  jmlmunk  circulation  ({  $S). 

II,  Reflex  Stimulation  of  the  Centre. — There  ai^  fibres  contained  in  the 
different  afferent  nerves,  whose  stimulation  affects  the  vasomotor  centre.  There  «rc 
nerve  fibres  whose  stimulation  excites  the  vasomotor  centre,  thus  causing  a  stTooger 
contraction  of  the  arteries,  and  consequently  an  increase  of  the  arterial  blood 
pressure.  These  are  called  "  pressor  "  fibres.  Conversely,  there  are  other  fibres 
whose  stimulation  reflexly  diminishes  the  excitability  of  the  vasomotor  centre.  Thcst 
act  as  reflex  inhibitory  nerves  on  the  centre,  and  are  known  as  "depressor '*filn». 

Pressor,  or  excito-vasomotor  nerves,  have  already  been  referred  to  in  conocc* 
lion  with  the  superior  and  inferior  laryngeal  nerves  (§  352,  13,  a,),  m  the  trigeifr 
inus,  which,  when  stimulated  directly  (^347),  causes  a  pressor  action,  aswtfln 
when   stimulating  vapors  are  blown    into  the   wo?Xx\h  {Jeering  ami Kraiickm{r\ 
[The  rise  of  the  blood  pressure  in  this  case,  however,  is  accoin|janied  by  a  chinge 
in  the  character  of  the  heart's  beat  and  in  the  respirations,     Rutherford  hassho»n 
that  in   the   rabbit   the  vapor  of  chloroform,  ether,  amyl  nitrite,  acetic  acid,  or 
ammonia  held  before  the  nose  of  a  rabbit,  greatly  retards  or  even  arrests  the  heirtS 
action,  and  the  same  is  true  if  the  nostrils  be  closed  by  the  hand.     This  arrest  does 
not  occur  if  the  trachea  be  opened,  and  Rutherford  regards  the  result  asdtienotta 
the  stimulation  of  the  sensory  fibres  of  the  trigeminus,  but  to  the  staU  of  tkfhieti 
acting  on  the  cardio-inhibitory   nerve  apparatus.]     Hubert   and    Roevcr  found  < 
pressor  fibres  in   the   cervical  symj^athetic  ;    S.   Mayer  and   Pribram    found  thilj 
mechanical  stimulation  of  the  stomach,  especially  of  its  serosa,  caused  prenor* 
(§  352,  12,  0-     According  to  Lov6n,  the  Jlrsf  eftect  of  stimulating  every  scMOfJ 
nene  is  a  pressor  action. 

[If  a  dog  be  poisoned  with  curara,  and  the  ern/ra/ead  of  one  sciatic  nervr  l.r. 
stimulated,  there  is  a  great  and  steady  rise  of  the  blood  pressure,  chiefly  owir.:  ' 
the  contraction  of  the  abdominal  blood  vessels,  and  at  the  same  time  there  is  no 
change  in  the  heart  beat.    If,  however,  the  animal  be  poisoned  with  chloral,  ifaere 
is  a  fall  of  the  blood  pressure  resembling  a  depressor  effect.] 
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O.  Naumann  found  that  weak,  electrical  stimuIatitHi  of  the  skin  cauMd  al  6m  contnctloa  of  the 
I  vcMtfls,  espcdnlly  of  the  mesentery,  lungs,  and  the  web,  with  simiiUancom  excitement  of  the 
ac  activity  and  acceleration  of  the  circulation  (frog).  Strong  htimuli,  however,  had  an  opposite 
i!ct,  I.  «-.,  a  depressor  effect,  with  simiiltancotia  decrease  of  the  cardiac  aciivily,  (jriltzncr  and 
leidenhnin  found  that  contact  with  the  skin  caui^ed  a  tirt^sor  eflect,  while  painful  impressions 
produced  no  eflect.  1  he  application  of  heat  and  cold  to  the  skin  produces  retlexly  a  change  in  the 
iDmcn  of  the  blood  vessels  and  in  the  cardiac  aciivity  (A'Mrfi'.  PVinlemitt).  Pinching  the  skin 
causes  contraction  of  the  vesffeU  of  the  jna  mater  of  tht-  rabbit  {SiAiif/er),  and  the  same  result  was 
produced  by  a  warm  bath,  whde  cold  dilated  the  vessels.  These  results  are  due  pmtly  to  pressor  and 
partly  to  depressor  effects,  but  the  chief  cause  of  the  dilatation  of  the  blood  vessels  is  the  increased 
bbod  pressureduc  to  thecold  constricting  the  cutaneous  vcfiseU.  Meat,  of  coiiree.hasiheoppositc  effect. 
In  man, roost  Klimuli  apiittcdtoaensory  nerves  produce  an  effect:  feebtccutaneousstintult,  tickling  (even 
unpleasant  odors, bitter  or  acid,  tastes, optical  and  acoustic  stimidi)  nt  the  parLs  where  ihey  arc  applied, 
cause  a  dW  of  the  cutaneous  temperature,  and  dimiimtion  of  the  volume  of  the  corresponding  limb, 
fomelimcs  increase  of  the  genera)  blood  pressvire  and  charge  of  ihc  heart  beat.  'I'he  opposite  effects 
produced  by  painful  sllmulation.  the  action  of  heat  (and  even  by  pleasant  odors  and  sweet  tastes), 
be  former  cause  simultaneously  dilatation  of  the  cerebral  vessels  and  increase  the  vascular  contents 
'  the  skull — the  laiicr  cause  the  opposite  results  {/tlominpw  and  Tanhanoff). 

Depressor  fibres,  /,  e.^  fibres  whose  stimulation  diminishes  the  activity  of  the 
vasomotor  centre,  are  present  in  many  nerves.  They  are  si)ecially  ntimcrotis  in  the 
'superior  cardiac  branch  of  the  vagus,  which  is  known  as  the  dipre nor  nerve  (§  353, 
6).  The  trunk  of  the  vagus  Ik-Iow  the  latter  also  containsdeprcssor  fibres  {v.Bezoid)^ 
as  well  as  the  pulmonary  fibres  (dog).  The  latter  also  act  as  depressore,  during 
expiratory  efforts  (§  74):  while  Hering  found  thai  inflating  the  lungs  (to  50  mm. 
Hg  pressure)  caused  a  fall  of  the  blood  pressure  (and  also  accelerated  tiie  heart 
beats — §  369,  U).  Stinuilation  of  the  central  end  of  sensory  nerves,  especially 
•fhen  it  is  intense  and  long  continued,  causes  dilatation  of  the  blood  vessels  in  the 
wea  supplied  hy  \\itm  {Loven).  According  to  I^tschenbcrger  and  Deahna,  all 
lensory  nencs  contain  both  pressor  and  depre&sor  fibres. 

[If  a  rabbit  be  poisoned  with  curara.  and  the  central ty\^  of  the  great  auricular 
nerve  be  stimulated,  there  is  a  double  effect — one  local  and  the  other  general ; 
.the  blood  vessels  throughout  ihc  body,  but  especially  in  the  splanchnic  area,  con- 
tliact,  so  that  there  is  a  general  rise  of  the  blood  pressure,  while  the  blood  vessels 
of  the  ear  are  dilated.  If  the  central  end  of  the  tibial  nerve  be  stimulated,  there 
is  a  rise  of  the  general  blood  pressure,  but  a  local  dilatation  of  the  saphena  artery 
in  the  limb  of  that  side  (Loz/en).  Again,  the  temperature  of  one  hand  and  the 
Condition  of  its  blood  vessels  influence  that  of  the  other.  If  one  hand  be  dipped 
!n  cold  water,  the  lemiJerature  of  the  other  hand  falls.  Thus,  pressor  and  depressor 
effects  may  be  obtained  from  the  same  nerve.  The  vasomotor  centre,  therefore, 
primarily  regulates  the  condition  of  the  blood  vessels,  but  through  them  it  obtains 
its  importance  by  regulating  and  controlling  the  ^/<w//jtt//A' according  to  the  needs 
,of  an  organ.] 

The  central  aiier>'  of  a  rabbit's  car  contracts  regularly  and  rhythmically  3  to  5  times  per  minute. 
Schiff  obHcrved  that  stimulation  of  sensory  nerves  caused  a  dilatation  of  the  artery,  which  was  pre- 
coded  by  a  slight  lempoiory  constriction. 

Deprcstsor  cfjfccts  arc  produced  in  the  area  of  an  artery  on  which  direct  pressure  is  made,  as  occurs, 
llbr  example,  when  the  sphygmogniph  is  applied  for  a  long  time — the  pulse  curves  become  larger, 
and  there  are  signs  of  diminished  arterial  tension  (jl  75). 

Rhythmical  Contraction  of  Arteries.— In  the  intact  body  slow  alicmating  contraction  and 
dilatation,  without  a  unifurin  rhythm,  have  been  observed  in  the  arteries  of  the  car  of  the  rabbit,  tlie 
membrane  of  a  bat's  wing,  end  the  web  of  a  frn^'»  fuot.  This  arrangement,  observed  by  Schiff, 
supplier  more  or  less  blood  to  the  parts  according  to  the  action  of  external  conditions.  It  ha.s  been 
called  a  "  periodic  regulatory  vascular  movement."  This  movement  may  t>c  useful  when  a 
vessel  is  occluded,  as  after  ligature,  and  may  help  10  e«tablts.h  more  rapidly  the  collateral  circulaiion. 
iSlefani  has  shown  that  this  occurs  wiih  mure  dilticulty  after  section  of  the  nerve* 
i  r>irecl  local  applicalions  may  influence  the  lumen  of  the  bUmd  vcsscU;  cold  and  modentte 
:*lectrical  stimuli  cause  contraction;  while, conversely, heat  and  strong  mechanical  or  electri- 
iCal  Btimuli  cause  dilatation,  sllhf>ugh  with  the  lasl  two  there  is  UHuully  a  prelimitiary  constriction. 

Poisons. — Almost  all  the  di^itati^  group  of  suli«tance«  cause  constriciion;  quinine  and  solicin 
inutrla  the  splenic  vessels.    The  other  febrifu^s  dilate  the  vessels  {I'^omiian).    See  p.  133. 
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Sffect  on  Temperature. — The  vasomotor  nerves  influence  the  temperature^ 

not  only  of  individual  parts,  but  of  the  whole  body. 

1.  Local  Effects. — Section  of  a  peripheral  vasomotor  nerve^  /.  g.,  Ibe  cer- 
vical sympathetic,  is  followed  by  dilatation  of  the  blood  vesseU  of  the  pul^H 
supplied  by  it  isnch  as  the  ear  of  the  rabbit),  the  intra-arterial  pressure  dtUtin^l 
the  paralyzed  walls  of  the  vessels.     Much  arterial   blood,  therefore,  passes  into -^ 
and  causes  congestion  and  redness  of  the  parts,  or  hyperEcmia,  while,  at  the  sames^ 
time,  the  Umperattire  is  increased.     There  is  also  increased  transudation  througl^^ 
the  dilated  capillaries  within  the  dilated  areas ;  the  velocity  of  the  blood  stream  i^ 
of  course  diminished,  and  the  blood  pressure  increased.     The  pulse  is  also  fel^ 
more  easily,  because  the  blood  vessels  are  dilated.     Owing  to  the  increase  of  th^ 
blood  stream,  the  blood  may  flow  from  the  veins  almost  arterial  (bright  red)  in  itt 
characters,  and  (he  pulse  may  even  be  propagated  into  the  veins,  so  that  the  blood 
spouts  from  them  (C/.  Bernard).     Stimulation  of  the  peripheral  end  of  a  vaso 
motor  nerve  causes  the  opposite  resuU^^ — j jailor,  owing  to  contraction  of  the  vesscji, 
diminished  transudation,  and  fall  of  the  temperature  on  the  surface.     The  smaller      ' 
arteries  may  contract  so  much  that  their  lumen  is  almost  obliterated.     Continued 
stimulation  ultimately  exhausts  the  nerve,  and  causes  at  the  same  time  the  phe- 
nomena of  i>aralysis  of  the  vascular  wall. 

Secondary  Results. — The  immediate  resulu  of  }»rmtysis  of  (he  vasomator  Dcrret  lead  to  «&a 
efiecis;  ibe  paralysis  of  the  musdts  of  the  hlood  vesscU  mutit  lead  to  coDge»tion  of  the  blood  is  ikr 
port ;  the  blood  moves  more  slowly,  so  that  the  i>arts  in  coniact  with  the  air  cool  more  eisily,iid 
neoce  the  first  stage  of  intrtase  of  the  lcn][>eralurt:  may  be  futlowcd  by  a  fall  uf  the  lemprruvc 
The  ear  of  a  rabbit  with  the  sympathetic  divided,  after  several  weeks  becomes  cooler  thJD  \\a  at 
on  the  sound  one.  If  in  man  the  motor  muscular  nerves,  as  well  as  the  vasomolor  fibres,  are  pi» 
lyzed.  then  the  paralyzed  limb  becomes  cooler,  because  the  paralyzed  muscles  no  longer  ooninUM 
aid  in  the  production  of  hent  {\  ).^$J,  and  also  because  the  dilatatkta  of  the  muscular  arteries,  vktch 
accompanies  a  muscular  cc^nirdcUon,  is  absent.  Should  atrophy  of  the  paralyzed  muscles  let  iiLik' 
blood  vessels  also  become  smaller.  Hence,  paralyzed  limbs  in  man  generally  become  cooler  ai  mt 
goes  on.  The  primary  elTeci,  however,  in  a  limb,  e,  g^  after  section  of  the  sciatic  or  lenoa  H  tta 
brachial  plexus,  is  an  increase  of  the  temperature. 

If,  at  the  same  lime,  the  vasomotor  nerves  of  a  large  area  of  the  skin  be  pan- 
lyzed,  e.  g.^  the  lower  half  of  the  body  after  section  of  the  spinal  cord,  then  so 
much  heat  is  given  off  from  the  dilated  blood  vessels  that,  either  the  warming  of 
the  skin  lasts  for  a  very  short  time  and  to  a  slight  degree,  or  there  may  be  cooliog 
at  once.  Some  obser>'ers  (  Ts^he/schukin,  Naunyn,  Quincke)  observed  a  rise  of  ibf 
tem[)eratiire  after  section  of  the  cervical  spinal  cord,  but  Riegel  did  not  obs^'c 
this  increase. 

2.  Effect  on  the  Temperature  of  the  Body. — Stimulation  or  paraljrw 
of  the  vasomotor  nerves  of  a  sma/i  area  has  practically  no  effect  on  the  gcnctal 
temperature  of  the  body.     If,  however,  the  vasomotor  nerves  of  a  consiiieraHe  t^f* 
of  the  skin  be  suddenly  paralyzed,  then  the  temperature  of  the  entire  body  fclK 
because  more  heat  is  given  off  from  the  dilated  ves.sets  than  under  normal  ciicuni 
stances.     This  occurs  when  the  spinal  cord  is  divided  high  up  in  the  neck.    "Pw 
inhalation  of  a  few  drops  of  amy!  nitrite,  which  dilates  the  blood  vessels  of  ihe 
skin,  caitscs  a  fall  of  the  temperature  {^Sasseiki  ami  Afanassein),     Coovet^ly, 
stimulation  of  the  vasomotor   nerves  of  a  large  area  increases  the  temperatui 
because  the  constricted  vessels  give  off  less  heat.     The  temperature  in  fever 
be  partly  explained  in  this  way  (§  220,  4). 

The  activity  of  the  heart,  /'.  e.,  the  number  and  energy  of  the  cardiac  con- 
tractions, is  influenced  by  the  condition  of  the  vasomotor  nerves.  Wlicn  a  large 
vasomotor  area  is  paralyzed,  the  blood  channels  arc  dilated,  so  that  the  blood  do» 
not  flow  to  the  heart  at  the  usual  rate  and  in  the  usual  amount,  as  the  pressure  « 
considerably  diminished.  Hence,  the  heart  executes  extremely  small  and  fceUe 
contractions,  Strieker  observed  that  the  heart  of  a  dog  ceased  to  beat  on  cxtii- 
pating  the  spinal  cord  from  the  ist  cervical  to  the  8th  dorsal  vertebra.    Convcnely, 
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know  that  stimulation  of  a  large  vasomotor  area,  by  constricting  the  blood 

Iressels,  raises  the  arterial  blood   i>ressure  considerably.     As  the  arterial  pressure 

Tecla  the  pressure  wiihin    the  left  ventricle,  it  may  act  as  a  mechanical  stimulus 

to  the  cardiac  wall,  and  increase  the  cardiac  contractions  both  in   number  and 

^trengtb-     Hence,  the  circulation  is  accelerated  {Heidcnhain,  Siai'Jansky). 

9  Splanchnic- — By  far  the  largest  vaaomotor  area  in  the  body  is  ihat  contrDlled  by  the  splanchnic 
nerves,  as  they  supply  the  Hlood  vessels  of  the  aVidomen  ({  l6it;  hence,  stimulation  of  their  peri* 
phcral  ends  is  followed  by  a  great  rise  uf  the  blood  pressure.  \V1icd  ihcy  circ  dividal,  ilierc  is  such 
a  fall  of  the  blood  pressure  thai  other  pans  of  the  bctdy  liccome  mure  or  It-ss  ann-mic,  and  the  animal 
may  even  die  from  "  being  bled  into  iXa  own  belly,"  t.  e.,  from  what  has  been  cnlled  >*  intra  vascular 
tiemoirhage."  Animals  whose  ]Xirtal  vein  is  ligatured  die  far  the  same  reawn  [C.  Luiitvii;  iind 
wSTAiry)  [see  {  S7].  The  capacity  of  the  vascular  system,  depending  as  it  docs  m  |>art  upon  tbc 
jvondilioa  of  the  vaaomutur  nervc:.s,  Iniluenccs  the  ^oi/y  jveit^At.  Stimulation  of  certain  vascular 
areas  may  cause  the  rapid  excretion  of  water,  and  we  may  thus  account  in  part  for  the  diminution 
of  the  body  weight,  which  has  l>een  sometimes  observed  after  an  epileplic  attack  terminating  with 
polyuria. 

Trophic  disturbances  sometimes  occur  after  aftections  of  the  vasomotor  nerves  (J  342,  I,  c). 
Paralysis  of  the  vasomotor  ner\'cs  not  only  causes  dilatation  of  the  blood  veuels  and  local  increase 
of  the  blood  pressure,  but  it  may  also  couse  increa««d  transudation  through  the  copiltarici  [\  2oj]. 
When  the  airttve  contraction  of  the  muscles  is  abolished,  the  blood  stream  ot  the  same  lime  necoma 
slower,  and  in  some  cases,  the  skin  tiecomes  livid,  owing  to  the  venous  congestion.  There  is  a 
ciminuiiun  of  ihc  doiduU  Iran  spiral  ioii,  and  the  epidermis  may  be  dry  and  peel  odiu  scales.  The 
|rowth  of  the  hair  and  naiU  may  be  affected  by  the  congestion  of  blood,  and  other  tissues  may 
lUo  suffer. 

Vasomotor  Centres  in  the  Spinal  Cord. — Besides  the  dominating  centre 
an  the  medulla  oblongata,  the  blood  vessels  are  acted  upon  by  hcai  ox  subordinate 
VQSomoior  (entres  in  the  gray  matter  of  the  spina/  conJ,  a.s  is  [)roved  by  the  follow- 
(og  observations:  If  the  spinal  cord  of  an  animal  be  divided,  then  all  the  blood 
ytisels  supplied  by  vasomotor  nerves  below  the  point  of  section  are  paralyzed,  as 
the  vasomotor  fibres  proceed  from  the  medulla  oblongata.  If  the  animal  lives, 
Jthe  blood  vessels  regain  their  tone  and  their  former  calibre,  while  the  rhythmical 
movements  of  their  muscular  walls  are  ascribed  to  the  subordinate  centres  in  the 
lower  part  of  the  spinal  cord  (Lister,  Goitz — §  362,  7). 

The  subordinate  spinal  centres  may,  further,  be  stimulated  directly  by  dyspmcic  blocxJ,  and 
fllsa  reflexly,  in  the  rabbn  and  frog  {Utlitmneilseh).  After  destiuction  of  the  medulla  oblongata, 
Ac  arteries  of  the  frog's  web  ^iill  contract  retlcxiy  when  the  sensory  nerves  of  the  hind  leg  are 
itiniulaicd  {Putnam,  jVaui^aum,  I'ulfian).     In  the  dog,  opposite  the  3d  to  6th  dorsal  iieive  is  a 

Knal  vaaomotor  centre  (origin  of  the  splanchnic),  which  can  be  excited  redexly  {Sminumf)^  aad 
ere  is  a  similar  one  in  the  lower  part  ot  the  ^nal  cord  ( I'ulpiau). 

If  the  lower  divided  part  of  the  cord  be  erushei/,  the  blood  vessels  again  dilate, 
oving  to  the  deslniction  of  the  stibordinate  centres.  In  animals  which  survive 
this  operation,  the  vessels  of  the  paralyzed  |)arts  gradually  recover  their  normal 
diameter  and  rhythmical  movements.  This  effect  is  ascribed  to  ganglia  which 
are  supposed  to  exist  along  the  course  of  the  vessels,  [ll  is  to  be  recollected  that 
tlie  existence  of  these  peripheral  nervous  mechanisms  has  not  been  proved.] 
These  ganglia  [or  peripheral  nervous  mechanisms]  might  be  compared  to  the  gan- 
glia of  the  heart,  and  seem  by  themselves  capable  of  sustaining  the  movements  of 
the  vascular  wall.  Even  the  blood  vessels  of  an  excised  kidney  exhibit  periodic 
variations  of  their  calibre  ( C.  Ludwig  and  Mossti),  It  is  important  lo  observe 
that  the  walls  of  the  blood  vessels  contract  as  soon  as  the  blood  becoines  highly 
venous.  Hence,  the  blood  vessels  offer  a  greater  resistance  to  the  jjassage  of 
VCDOtts  than  of  arterial  blood  {C.  Lmhvig).  Nevertheless,  the  blood  vessels, 
Rlthoiigh  Ihey  recover  part  of  their  tone  and  mobility,  never  do  so  compietety. 

("he  effects  of  direct  mechanical,  chemical,  and  electrical  stimuli  on  blood  vessels  may  be  due  to 
|bcir  action  on  ibesc  jiertpheral  nervous  mechanisms.     The  ancrics  may  Contract  so  much  as  alukosi 
disappear,  but  tomeiimes  dilatation  follows  the  primary  stimulus. 
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Ixwaschcw  found  Uiat  limbs  in  which  the  vasomotor  6bre>>  had  undergone  degeneration  reacted 
nice  intact  Hoibft  to  variations  o(  tcin[>crfiture ;  heal  relaxed  the  veucU,  ouil  cold  contracted  thein. 
It  is,  howerer»  doubtful  if  the  varimion^  of  the  vascular  lumen  depend  upon  the  stiniiilahon  of  the 
peripheral  nervous  mcchanisru-s.  Ainyl  nitrite  and  digittlii  are  supixised  lo  act  on  th<.i«e  Uypothelical 
niecnanisms. 

T\icpu/sa/fr$^  veins  in  ihc  hai's  wing  still  conlioue  lo  beat  after  section  of  all  thctf  ocr«e«,  which 
is  in  favor  of  the  existeuce  of  local  aerrous  mechanisins  {Lueksin^fr,  S(hiff), 

Influence  of  the  Cerebrum. — The  cerebrum  influences  the  vasomotor  centre, 
as  is  proved  Ijv  the  sudden  pallor  that  accompanies  some  psychical  conditions, 
siich  as  fright  or  terror.  There  is  a  centre  in  the  gray  matter  of  the  cerebrum 
where  stimulation  causes  cooling  of  the  opposite  side  of  the  body. 

Although  there  is  one  general  vasomotor  centre  in  the  medulla  oblongata,  which 
influences  ^//the  blood  vessels  of  the  body,  it  is  really  a  complex  composite  centre, 
consisting  of  a  number  of  closely  aggregated  centres,  each  of  which  presides  over 
a  particular  vascular  area.  We  know  something,  e.  g.^  of  the  hepatic  (§  175)  and 
rtf/i(j/ centres  K%  276). 

Many  poisons  txdle  the  vasomotor  nerves,  such  as  er^otin,  Linnic  nciil,  copaiba,  and  cubefas; 
others  fint  exntf,  and  then  paralya,  e.  /.,  chloral  hydrate,  morphia,  laudanosin,  verairin,  nicotin, 
Calabar  bean,  alcoltol ;  others  rapidly  ^raj^e  lliem,^.^.,amyl  nitrite,  CO  (^|  1 7 1,  aliopio,  muscann 
The  paralytic  action  of  the  jwison  is  proved  hy  the  fact  that,  after  section  of  the  vagi  and  accele 
rantes,  neither  the  pressor  nor  the  depressor  nerves,  when  stimulated,  produce  any  cKect.  Monf  , 
pathological  infective  agents  affect  the  vaM)molor  nerves. 

The  veins  are  also  influenced  by  vasomotor  nerves,  and  so  are  the  lymphatics, 
but  we  know  very  little  about  this  condition. 

Pathological. — The  angio-neuroses.  or  nervous  ntTections  of  blood  vessels,  form  a  m*»t 
important  t»rou|i  of  diwaae*.  The  pnrts  primarily  aJtrctcd  may  be  cither  the  peripheral  ncrvfui 
mcchAiii&ms,  the  sut)ordtn.-ite  centres  in  the  cord,  ihe  dominating;  centre  in  the  medulla,  or  the  gay 
mailer  of  the  cerebrum.  The  effect  may  be  direct  or  rcdcx.  "llie  dilatition  of  the  vessels  may  tti<i 
be  due  to  stimulation  of  vaso  dilator  nerve^.and  the  physician  must  W  careful  to  distinguish  whetler 
the  result  is  due  to  paralysis  of  the  vjso- constrictor  nerves  or  stimulation  of  the  vaao-dilaor 
tihrcs. 

A n^io- neuroses  of  the  skin  occur  in  affeciitins  of  the  vasomotor  nenics,  either  as  a  difTise 
rcOne<<s  or  pnltor ;  or  there  may  be  circumscribed  affections.  Sometimes,  owin^  to  the  tlimulatnn 
of  iudiW'lual  vasomotor  nerve.*,  there  arc  local  cutaneous  arterio-spasmji  {.Vothnag-ei }.  In  ccrtiiL 
acute  fctirilc  attacks — after  previous  initial  violent  stimulation  of  the  vasomotor  nerves,  especiiity 
during  the  cold  stage  of  fevci — there  maybe  ditfereni  forms  of  paralytic  phenomena  of  the  cuianeoii 
vessels.  In  some  cases  of  epilepsy  in  man.  Trousseau  observed  irregular,  red,  angio*paralyic 
patches  (ataches  ciSrebrales).  i.'otilinued  &tmng  stimulation  may  lead  to  toterruption  of  the  dr> 
culation.  vthich  may  result  in  gangrene  of  the  skin  and  deeper-seated  parts  ( H^/iss). 

Hemicrania,  due  to  unilateral  spasm  of  Ihc  branches  of  the  carotid  on  the  head,  is  occompaned 
by  severe  heailache  {Du  /loii  /ieymoHAi).     The  ccr\-ical  sympathetic  nerve  is  intensely  stimulaled— 
a  pale,  collapsed,  ami  cool  side  of  the  face,  contraction  of  the  temporal  arier)-  like  a  finn  whtpcod, 
diiiUation  of  the  pupil,  secretion  of  thick  saliva,  are  sure  signft  of  this  oneciion.     This  form  may  lel 
followed  by  the  opposite  condition  of  paralysis  of  the  cervical  sym|>alhetic,  where  the  c&da 
reversed.     Sometimes  tlic  two  conditions  may  alternate. 

Basedow's  disease  is  a  remarkable  condition,  in  which  the  va*omol(ir  nerves  arc  concerned;! 
the  heart  beats  very  rapidly(90  lo  [29-2CO  beats  per  minute),  cau!<ing  palpitation*,  tbcrr  is  swellii^  I 
of  Ihe  thyroid  gland  (struma),  and  projection  of  the  rycbnlis  |  exophthalmos),  wiih  imperfectl' 
coCrdioiiicd  movements  of  the  upper  eychd,  whereby  the  plane  of  vision  \s  raised  or  lowered.  PoHiapa 
in  this  disease  wc  have  to  deal  with  a  simultaneous  stimulation  of  (be  accelcrans  cordis  [\  370).  the 
motor  filiTei  of  Mailer'*  muscles  of  the  orbit  and  eyelids  {\  347,  !),  as  well  as  of  the  vasodilalors 
of  the  thyroid  gland.  The  disease  may  be  due  to  direct  stimulati-m  of  the  sympathetic  channels  or 
iheir  spina!  origins,  or  it  may  be  rererred  to  some  reflex  cause.  It  has  also  been  explamed.  however, 
thus  that  the  rxophihalmos  and  struma  are  the  consequence  of  vanomolor  paralysis,  which  results  io 
enlargement  of  the  blood  vessels,  while  the  increased  cardiac  action  is  a  sign  of  the  diminhhcd  or 
arrcaie<l  inhibitory  actii^n  of  the  vagus.  All  these  phenomena  may  be  caused,  according  to  Filchnc, 
Ii\'  injury  tu  the  upper  part  of  loth  rc*tifonn  liodics  in  rabliil^. 

Visceral  Angio-neuroses. — The  occurrence  of  sudden  hyjteriemia.  with  transudations  and 
ecchymose<  in  some  thoracic  or  abdominal  organs  may  have  a  neurotic  basis.  As  already  sica- 
ttonnl,  injury  to  the  pons,  corpus  striatum,  and  optic  thalamus  may  give  rise  to  hypenemia,  aod 
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cccfaymo^efi  tn  ibc  hin|*fi,  plcurc,  intestines  and  kidneys.  According  to  Brown-S£quard,  compres- 
iion  or  sectioit  of  one  half  of  llie  pons  causes  ecchymoMS  especioily  in  the  lung  of  the  opposite  ilde: 
he  abo  olxierved  cccbymoKs  in  tlic  rcmil  cajisalc  after  jnjurv  of  ihe  lumbar  portion  uf  llie  spinal 
card  0  379). 

The  dependence  of  diabetes  mellittis  upon  injury  to  the  viLSOinotor  nerves  is  referred  to  in  I  175 ; 
I  the  aaion  of  the  vasomotor  ncr\cs  on  the  secretion  of  urine  in  |  376;  and  fever  in  J  320. 

372.  VASO- DILATOR  CENTRE  AND  NERVES.— Although  a 
vaso-dilator  centre  has  not  been  definitely  proved  to  exist  in  the  medulla,  still 
its  existence  there  has  been  sunnised.  Its  action  is  opposite  to  that  of  the  vaso- 
motor centre.  The  centre  is  certainly  not  in  a  continuous  or  tonic  slate  of  excite- 
ment. The  vaso-dilator  nerves  behave  in  their  functions  similarly  to  the  cardiac 
branches  of  the  vagus;  both,  when  stimulated,  cause  relaxation  and  rest  {Str/uJ^, 
C/.  Bernani).  Hence,  these  ner\'es  have  been  called  vaso-inhUntory^  vaso-hypo- 
lonic,  or  vaso-dilator  nerves.  Dyspnccic  blood  stimulates  this  centre  as  well 
as  the  vasomotor  centre,  so  that  the  cutaneous  vessels  are  dilated,  while  simulta- 
neously the  vessels  of  the  internal  organs  are  contracted  and  the  organs  anaemic, 
owing  to  the  stimulation  of  their  vasomotor  centre  {Dasirc  and Morat).     Nicotin 

I  is  a  powerful  excitant  of  the  vaso*dilator  nerves  {^Osiroumoff)'.  it  raises  the  tem- 
perature of  the  foot  (dog),  and  increases  the  formation  of  lymph  {Kogowicz). 

[The  existence  of  vaso-dilator  nerves  is  assumed  in  accordance  with  such 
facts  as  the  following:  If  the  chorda  tympani  be  divided,  there  is  no  change 
in  the  blood  vessels  of  the  submaxillary  gland  ;  but  if  its  peripheral  end  be 
stimulated,  in  addition  to  other  results,  (§  145),  there  is  dilatation  of  the  blood 
vessels  of  the  submaxillary  gland,  so  that  its  veins  discharge  bright  florid  blood, 
while  they  spout  like  an  arterj-.     Similarly,  if  the  nervi  erigentes  be  divided, 

I  there  is  no  effect  on  the  blood  vessels  of  the  penis  (§  362,  4) ;  but  if  their  pfriphe- 
/-a/ends  be  stimulated  with  Faradic  electricity,  the  sinuses  of  the  corpora  cavernosa 
dilate,  become  filled  with  blood,  and  erection  takes  place  (§  436).  Other  exam- 
ples in  muscle  and  elsewhere  are  referred  to  below.] 

Course  of  the  Vaso  dilator  Nerves. — To  some  organs  they  pass  a.*  epcciol  nerves — to  other 
jiortt  of  the  Ixwly,  however,  ihcy  proceed  along  with  the  vasomotor  and  other  nervet.  .\ccording 
lloDutre  And  Morat,  the  vaso-dilator  nerves  for  the  bucco-labial  reeion  (dog]  pass  out  from  the 
Mfd  by  the  ist  to  the  3d  dorsal  nerve:*,  and  go  through  the  ronii  cunmiunicnnirs  into  the  sympathetic, 
then  tr>  the  superior  cervical  ganglion,  and  lastly  through  the  carotid  and  inter -carotid  plexus  into 
the  trigeroinas.  [The  lihrcs  occur  in  the  posterior  s^ment  of  the  ring  of  Vieusten-i,  and  if  they  be 
itimulated  there  i«  dilatation  of  ihc  vessels  in  the  lip  and  cheek  on  that  side  (p.  673V]  Th«  maxil- 
lary bcanch  of  the  irigeminuf,  however,  also  contains  vaso-dilator  fibres  pro[)er  lo  itself  (Ati^on/}. 
In  the  gray  matter  of  the  cord,  there  i^  a  special  subordinate  centre  for  ihc  vaso-dilator  fibres  of  the 
baccQ-lalnal  region.  This  centre  may  l>e  acted  on  rcllexly  by  stimulatit^n  of  the  vagus,  C'.pecially  ilJ* 
pulmonary  branches,  and  even  by  stimulating  the  sciatic  nerve.  The  car  receives  tl.s  nerves  from 
the  1st  dorsal  and  lowest  cervical  ganglion, the  upper  limb  from  the  thoracic  ponton,  and  :lic  lower 
limb  from  the  alxlominal  portion  of  tlic  sympathetic.  'Ihe  vasodilator  (ilires  run  to  the  subtnaxil- 
Ury  and  aublingual  glands  in  the  chorda  tympani  (|  349,  4),  while  those  fur  the  posterior 
part  of  the  tongue  run  m  the  glwsso  pharj-ngeai  nerve  (5.351,4 — Vuipian').  Perhaps  the  vagus 
coDtaios  those  for  the  kidneys  (4  276).  Siimuhitian  of  tlie  nervi  erigentes  proceeding  from  the 
lacnl  plexus  causes  dilatation  of  Ihe  aneries  of  the  penis,  together  with  conge^ti»n  of  the  corpora 
caivemota  (J  436)  {^Eckhord,  Lovin).  Eckhard  found  that  erection  of  the  penis  can  l)c  produced  liy 
stimulation  of  the  spinal  cord  and  of  the  pons  as  fnr  as  the  peduncle?,  which  may  explain  the  phe- 
nomenon of  pnaptsm  in  connection  with  pathological  irritations  in  these  regions.  The  muscles 
receive  the  vaso-dilaior  tihres  for  their  vessels  through  the  trunks  of  the  motor  nerves.  Stimu/ation 
of  n  motor  nerve  or  the  spinal  cord  causes  not  only  contraction  of  the  corres|X)nding  muscles,  but 
abo  (lilalatlc/n  of  their  blood  vciiscU  \\  394,  U — C.  Lndxuig  and  SiXilkaw,  I/afiz,  CinkeU) — 
the  dilatation  of  the  vessels  taking  place  even  when  the  muscle  is  prevented  from  shortening. 
[Gaskell  ot>served  under  the  microscope  the  dilatation  produced  by  stimulation  of  the  nerve 
to  Oie  mylo'byoid  muscle  of  the  frog.]  The  vaso^dilators  remain  medullated  up  to  their  terminal 
gai^lion  \Ca,kfii). 

The  vaso-dilators  (like  the  vasomotors,  p.  727)  also  have  subordinate 
centres  in  the  spinal  cord;  e.  g.,  the  fibres  of  the  labio-buccal  region  at  the 
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ist  to  3d  dorsal  vertebrae.  This  centre  may  be  influenced  reflexly  ttirough  the 
pulmonary  fibres  of  the  vagus,  and  also  through  Ihe  sciatic  {Laffoni^  Smtnunt'). 
According  to  Holtz,  a  similar  centre  lies  in  the  lowest  part  of  the  cord. 

GolU  showed  that,  in  the  nerves  to  the  limbs  {f.j^.,  in  the  sciatic  nerve)*  lh«  irmsoootor  lad 
vaso-ditatar  ftbrtii  lie  side  by  aide  in  the  same  nerve.  If  the  peripheral  end  of  this  ikerre  be  ui  ^ 
lited  immediately  after  it  is  divided,  the  nciioti  of  the  va&o- constrictor  fibres  overcomes  that  of 
dilatoni.  If  the  peripheral  ctyd  be  stiuulaled  4  to  6  days  after  the  section,  when  the  vaw  coiiiri 
tors  have  lost  iheir  excitability,  the  blood  ve<>scU  dilate  under  the  action  of  the  vaaodilaiof  b' 
Sfimu/i  lohich  are  afplteJ  at  /on\;  inltt'valt  tc  the  ntr-fe  act  espteia/Iy  en  the  iHtw-JittUar 
ti'hiie  tftaniting  itimuU  net  on  the  viisomoiars.  The  latent /lenod  of  the  vtiW'dHatcrt  it  It 
they  are  more  eoiily  txhausttd  than  the  vasomotors  {fiottfititth  ami  IVurren).  The  tciai 
receives  both  kinds  of  fibres  from  the  sympathciic.  It  is  s'isumed  that  the  peripheral  nemitts 
anisms  in  connection  with  the  blood  venseu  are  influenced  by  Irath  kinds  of  vascular  nerves; 
vasomotors  (constrictors)  increase,  while  the  vaso-dilntors  diminish  the  aciiviiyof  these  meckatusoB 
or  ganglia.  [It  is,  however,  possible  to  explain  their  effects  by  supposing  that  they  act  directly  t^ue 
the  muscular  fibres  of  the  blood  vessels  without  the  intervention  uf  any  nervons  ganglionic  stne 
tures.] 

[Section  of  the  spinal  cord  high  up  in  the  neck  causes,  of  course,  a  fjreat  fall  of  the  blood  pccMatr. 
owing  (o  the  diviuon  of  the  vasomotor  nerves.  In  the  dog  the  prcuure  may  fall  lo  30-40nuD.  He 
AOer  isolation  of  the  cord,  in  rabbits  alone,  stimulation  of  the  central  end  of  a  sensory  nerve  etium 
a  ri»e  of  the  blood  pres&tire;  in  dogs,  however,  under  the  same  conditions,  the  blood  pressure 
I>yspnn*ic  blood  albo  causes  a  rise  of  the  blood  pressure,  which  is  preceded  by  a  fall  (Uttim. 
This  rellex  fall  of  the  blood  pressure  takes  place  oficr  section  of  the  splanchnics,  and  the  acrvo 
the  extremities,  but  it  does  not  take  place  if  the  spinal  cord  Ik  divided  al  (he  lumbar  or  lower 
le^ion.  If  the  cord  be  divided  in  ihe  lower  dorsal  region,  stirouL-ition  of  ihe  lirachial  pteius  h«  flO 
effect,  while  the  fall  occurs  after  siiraulaiion  of  the  central  end  of  the  sciatic.  These  cipcrimetfi 
indicate  thai  the  vaso-dilator  ncnies  which  cause  the  £ill  of  the  blood  preisure  arise  in  the  lower 
of  the  spinal  cord  (lumbar),  and  ibat  they  ore  probably  contained  in  the  visceral  nerres  and  Mt 
those  for  the  extremities  (  Thayer  and  /*<»/).] 
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In  the  muscles  of  the  face,  paralyzed  by  extirpation  of  the  facial  nerve,  slioo- 
btion  of  the  ring  of  Vieussens  causes  pseudo-motor  contractions  of  that 
muscles,  just  as  stimulation  of  the  chorda  lyntpani  causes  such  contractions  tn  ibt 
paralyzed  tongue  (§  349,  4),  after  section  of  the  hypoglossal  nerve  {Jiogtmics), 

In  analysing  the  vascular  phenomena  resulting  from  experiments  on  these  nerves,  we  mas)  h*  voy 
careful  to  determin?  whether  tlic  dilatation  is  the  result  of  itimulatiim  f/  the  vaso-fiilat»n,m  ^ 
consetjuence  of  paralysis  of  the  vaso-constrictori.  Ptrchuat  conditions  act  upon  the  vaio-dilitn 
nerves — the  lilusli  of  shame,  which  is  not  confined  to  the  face,  but  may  even  extend  over  ibe  •bofc 
skin,  is  prolmbly  due  to  stimulation  of  the  vasodilator  centre. 

Influence  on  Teraperature. — 1'he  va.so  dilator  nerves  obviously  have  a  considerable  infiueaecas 
the  temperature  of  the  body  and  on  the  heat  of  the  individual  ports  of  the  body,  ffptk  vascaltf 
centres  must  act  as  importini  regulotoiy  mechanisms  for  the  radiation  of  beat  through  the  cirtanw 
vessels  {\  214,  II).  rrolably  they  are  kept  in  activity  rclleiily  by  sensory  nerves.  DistUitioDOO  b 
their  function  may  lead  to  an  abnormal  accumulation  of  heat,  as  in  fever  {\  220).  or  to  altiofVil 
cooling  (ij  213,  71.  Some  observers. however,  assume  the  existence  nf  an  inira-cnmial  "heat  ffifo- 
lating  centre"  (  Tuhetschuhin,  A'nunyu.Quhti  Jie).  According  to  AVood,  separation  of  the  nifiMU 
oblon^^ala  fn)m  the  pons  causes  an  increased  radiation  and  a  diminished  production  of  beat,  dof  t9 
the  cutting  ofT  of  the  intluences  from  the  beat -regulating  centre  [\  377)' 


373.  SPASM  CENTRE— SWEAT  CENTRE.— Spasm  Centre-^ 
In  the  medulla  oblongata,  just  where  it  joins  the  pons,  there  is  a  centre,  whoac 
stimulation  cd.yx&t?>  general  spasms.  The  centre  maybe  excited  by  suddenly  pr*- 
dticing  a  highly  venous  condition  of  the  blood  ("asphyxia  spasms"),  in  c»sa  of 
drowning  in  mammals  (but  not  in  frogs),  sudden  anemia  of  the  medulla  oblM- 
gata,  either  in  const;quence  of  hemorrhage  or  ligature  of  both  carotids  and  vi^- 
clavians  i Knssmaui ami  Tenner),  ami  lastly,  by  sudden  venous  stagnation  caused 
by  compressing  the  veins  coming  from  the  head.  In  all  these  cases,  the  stimuU- 
tion  of  the  centre  is  due  to  the  sudden  interruption  of  the  normat  exchange  e4  ^ 
gases.  When  these  factors  act  quite  gradually,  death  may  uko  place  without  coo 
vulsions.   Direct  stimulation  by  means  of  chemical  substances  (animonia  carf 
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Bh,  and  soda  salts,  etc.),  applied  to  the  medulla,  quickly  causes  general  con- 
vulsions (/*ii/i"///cr).  Intense  direct  wrMt/wVtf/ stimulation  of  the  medulla,  as  by 
[its  sudden  destruction,  causes  general  convulsions. 

I  Position. — Notfanagel  attempted  by  direct  stimulation  to  map  out  the  position  of  the  spasm  centre 
tki  rabbiu;  it  cztcDds  from  the  area  above  the  nia  cincrca  upward  to  the  corpora  iiuadtigemina.  It  ia 
!£miled  cxternalty  by  the  locus  cixtuIcus  and  ihr  tulierailum  acu<ilicum.  In  the  frog,  it  lies  in  (lie 
(tower  half  of  the  4lh  ventricle  [Ileubel).  The  centre  is  affected  in  extensive  rellex  spa&nu  {\  364, 
i'6),  /.  g.,  in  p<}iw>iiing  with  strychnin  and  in  hydr.iphobia. 

Poisons. —Many  inorganic  ond  i>rganic  poisons  mosT  cnrdiac  poisons,  nicotin,  picrotoxio,  ommo- 
^  ({  377),  and  the  compounds  of  barium  cause  death  alter  producii^  convuLuoiu,  bjr  acting  on  the 
^>asin  centre  {RZbtr,  J/euM,  Bohtri). 

if  the  artencs  going  to  the  Wain  be  ligalure^j  so  as  to  paralyze  the  medulla  oblongata,  then,  on 
ligaturing  the  abdominal  aorta,  spasms  of  the  lower  limbs  occur,  owing  to  the  anarmic  stimulation  of 
jibe  motor  ganglia  of  the  spinal  cord  {Si_i;m.  A/avrr). 

I  Pathological — Epilepsy. — Schrucdcr  vnn  dcr  Kolk  found  the  blood  vessels  of  the  oblongata 
Sdildted  and  incremed  in  co&es  of  epilepsy.  Urown-S^quard  obso^ed  that  injury  to  the  central  or 
peripheral  nervous  system  (spinal  cord,  ublongata,  j>cdunc]e,  cor[K>rA  quadrigemii>.-i,  sciatic  nerve)  of 
guinea  pigs  produced  cpilejwy,  and  this  condition  even  became  kereUitnry.  Stimulation  of  tlie  cheek 
Or  of  the  face  "  epileplic  cone,"  on  the  same  side  as  ihe  injury  (spinal  cord),  camed  at  once  an 
hnack  of  epilepsy;  but  when  the  i>edunclc  M'as  injured,  the  opposite  side  must  be  stimulated.  West- 
bhal  made  guinea  pigs  e[>ilcpcic  by  repeated  tight  blows  on  the  skull,  and  this  condition  also  l>ecame 
Seredilary.  In  these  casc!i,  there  was  cflusion  of  blood  in  the  medulla  ablongnia  and  upperpart  of 
the  spinal  cord  ({J!  575  and  378,  1).  Direct  stimulation  of  the  cerebrum  also  produces  epileptic 
^Convulsions.     Strong  electrical  stimulation  of  the  motor  areas  of  the  cortex  cerebri  is  often  followed 

illy  an  epileptic  attack  (g  37S)-  [^t  is  no  unfrequent  occurrence,  while  one  is  stimulating  the  motor 
%xcits  of  the  cortex  cerebri  of  a  dog,  to  find  the  animal  exhibiting  symptoms  of  local  or  general 
qjilcpsy.] 

Sweat  Centre. — A  dominating  centre  for  the  secretion  of  the  sweat  of  the 
vcnlire  surface  of  the  body  (§  2S9,  II) — with  subordinate  spinal  centres  (§  362,  8) 
j— occurs  in  the  medulla  oblongata  {^Adamkiewicty  Marmi,  Nawrocki').  It  is 
'double,  and  in  rare  cases  the  excitability  is  unequal  on  the  two  sides,  as  is  mani- 

Tested  by  unilateral  perspiration  (§  289,  2). 

*  Poisons. — Calabar  bean,  nicotin,  picrotoxin,  camphor,  and  ammonium  acetate,  cause  a  secretion 
lof  sweat  Ly  acting  directly  on  the  sweat-centre.  Muscarin  causes  local  stimulation  ol  the  peripheral 
Isweat  fibres — ii  causes  sweating  of  the  hind  limbs  nfter  section  of  the  sciatic  nerves.  Atropin 
iftrrests  the  action  of  muscarin  \^0U,  Wood,  Field,  A'liwrocAi). 

{      [Regeneration  of  the  Spinal  Cord. — In  some  animals,  true  nervous  matter  is  reproduced  after 

panof  thespitiolcord  has  been  destroyed,  at  least  this  is  so  in  trilons  and  Uiards(//.  MtilUr').   In  ttiese 

animals,  when  the  tail  b)  removed,  it  is  reproduced,  and  Mtiller  found  that  a  part  of  the  spinal  cord 

"Corresponding  to  the  new  pan  of  the  tail  is  reproduced.     Murphologically.  the  elements  were  the 

Iiame,  but  the  spinal  nerves  were  not  reproduced,  while  physiologically,  the  new  nerve  substance  was 
Aot  fimctionally  active ;  it  corresponds,  ns  it  were,  to  a  lower  stage  of  development.  According  to 
Maaus  and  Vanlair,  on  excised  portion  of  the  spinal  cord  of  a  frog  is  reproduced  after  six  months; 
vhile  Brown-S^quard  maintains  thai  reuninn  nf  the  divided  sin^aces  of  the  cord  lakes  place  in 
^  pigeons  after  sii  to  fifteen  months.  A  partial  reunion  is  asserted  tooccur  io  dogs  by  Ocntan,  Naunyo 
^aod  Eichhur^i,  although  .Scliieferdecker  obtained  only  negative  results,  the  divided  ends  being  united 
only  Liy  connective  tissue  [Schwitlhe)^ 

374.  PSYCHICAL  FUNCTIONS  OF  THE  BRAIN.— The  hemi- 
:  spheres  of  the  cerebnim  are  usually  said  to  be  the  seat  of  ail  the  psythica!  acttvitUs. 
I'Only  when  they  are  intact  are  the  processes  of  thinking,  feeling  and  willing  possi- 
/ble.  After  they  are  destroyed,  the  organism  comes  to  be  like  a  com])licalcd 
iinachine,  and  its  whole  activity  is  (.mly  the  expression  of  the  external  and  internal 
[fitimuli  which  act  upon  it.  The  ]jsychical  activities  appear  to  be  located  in  both 
^hemispheres,  so  that  after  destniction  of  a  considerable  part  of  one  of  them,  the 
[other  seems  to  act  in  place  of  the  part  destroyed.  [Objection  has  been  taken  to 
:lhe  term  the  "  seat  of"  the  will  and  intelligence,  and  undoubtedly  it  is  more  con- 
■sistent  with  what  we  know,  or  rather  do  not  know,  to  say,  that  the  existence  of 
volition  and  intelligence  is  dependent  on  the  connection  of  the  cerebral  cortex 
with  the  rest  of  the  brain.] 
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[That  «  certain  condition  of  the  cerebral  hemispheres  is  necessary  for  (he  in«nircsiBiion  of  tfac 
inleltectunl  raailtie»,  if  Admitted  cm  all  hnnris;  for,  cotiipreuion  nf  the  brum,  e.ff-A'f  «  dcprctted 
fracture  of  the  sIcuH,  and  ^tiiddcn  cc-tsoiion  nf  the  supply  of  blood  to  the  lirain.  abuli&b  Ctiiuciuaancta, 
The  intellectual  fncullicf-  arc  aflirctcd  by  inflaromation  of  the  meninges  involving  ibc  surface  of  ibc 
brain,  the  naionof  drugs  atfirct^the  intellectual  and  other  faculties;  but  while  all  thu  it  admitte*)  wr 
cannot  say  precisely  u)jon  what  parLs  of  the  brain  ideation  depends,  llic  prefrontal  area,  or  tbc 
convolutions  in  front  of  the  aiccndinj;  frontal  supplied  by  (he  aiitmor  cerHtral  artrry,  anr  totfietiaat 
regarded  as  the  anatomical  suLsiratum  of  certain  mentnl  acts.  At  any  rate,  ckctricat  stimaUtioD  of 
these  p»it&  is  not  followed  by  iiiuM:ular  motion,  and,  according  to  Kcrrier,  if  this  region  be  euirpaltij 
in  the  monkey,  there  h  no  motor  or  sensory  disturbance  in  this  nnitnal ;  ii  hilll  exhtljts  rmotiofial 
feeling,  oil  its  special  senses  remain,  and  the  power  of  voluntaiy  motion  is  retained  :  but,  neveitheioa. 
there  is  a  decided  alierntion  in  the  animal's  character  and  behavior,  w  that  it  exhibits  conaidcrable 
psychological  ahcrstions,  and,  according  to  Kcrrier,  "  il  has  lo&t  to  all  appearance  the  (acuity  of 
attention  and  intelligent  observation. "] 

Observations  on  Man. — Cases  in  which  con5iderablc  tiHilaUraf  letions  or  desUwtion  of  oec 
bcmUphcre  have  taken  place,  without  the  psychical  activities  af^earinj;  tu  suffer,  someiiinei  oCcot 
The  following  is  a  cose  commtmicatcd  by  I^nget :  A  boy,  i6  years  of  agr.  bad  hb  parietal  boor 
fractured  by  astonc  falling  ou  it,  so  that  part  of  the  protruding  brain  matter  hod  to  be  removed. 
reapplying  the  bandages,  more  bniin  matter  harl  lube  removed.  After  iS  day*  he  felt  out  of  bed, 
more  brain  matter  protruded,  which  was  removed.  On  the  35th  day  he  go*  inloxicaleil,  tore  off 
bandages,  and  with  them  n  ]>ait  of  the  Lrain  matter.  After  lus  recovery,  the  boy  still  rdained  ha 
intelligence,  but  be  ubs  hemiplegic.  Even  when  both  hemispheres  are  win/^tij/c.V  desiroyrd,  lii« 
intelligence  apfeari  to  be  intact ;  thus,  Trousseau  describes  the  case  of  an  officer  wb<>*e  f'trrbrais 
was  pierced  transversely  by  a  bullet.  There  was  scarcely  any  appearance  nf  his  mental  or  todHj 
liiculiies  being  affected.  In  other  cases,  destruction  of  parts  of  the  brain  peculiarly  alien  the  chant 
ter.  We  must  be  extremely  careful,  however,  in  forming  conclusiotu  in  all  xocli  cases  [In  tlu 
celebrated  "  American  crowbar  case"  recorded  by  Bigelow,  a  )-oung  man  was  hit  by  a  bar  of  [roe 
1  <4  inch  in  diameter,  which  traversed  tlic  anterior  part  nf  the  left  hemisphere,  going  clean  out  •! 
the  top  of  his  head.  'l~hut  man  lived  for  ibirteen  years  without  any  permanent  alieratiooa  of  owtGr 
or  sentory  functions ;  but  "  the  man's  dis[>osition  and  character  weic  observed  to  have  andonw  i 
serious  change.  There  were,  however,  'ome  changes  which  might  Le  referable  to  injury  lo  tbefroMl 
region."  In  all  cases  it  is  most  important  lo  know  both  the  exaa  site  and  the  eiitnt  of  tbc  lewa 
Ross  points  out  that  the  chart cl eristic  features  of  lesions  in  the  pre' frontal  cortical  region  ore  aBcdH 
by  "  psychical  disturbances,  consisting  of  dementia,  apathy  and  somnoleiwy."] 

Imperfect  development  of  the  cerebrum. — Microcephalia  and  hydrocephalus  jndd  cvoj 
remit  between  diminution  of  the  psychicnl  activities  and  idiocy.  Extensive  inHammatkm.  decor- 
ration,  pressure,  anxmia  of  (he  blood  vessels  and  the  actions  of  many  poisons  produce  tltc  liae 
effect, 

Plourena*  Doctrine.— Mourens  assumed  that  the  whole  of  the  cerebrum  is  concerned  in /rvn 
|)sychica!  process.  Krom  his  experiments  on  pigeons,  be  concluded  that,  if  a  small  part  of  ibc  hen- 
spheres  remained  intact,  il  was  sulhctcnt  for  the  manifestation  of  the  mental  fuoctKuu;  just  in  |*&- 
portion  as  the  gray  nuttier  of  the  hemispheres  is  removed,  all  the  functions  of  the  ceeefanua  m 
enfeebled,  and  when  all  the  gray  matter  is  rtmoved,  all  the  functions  are  abolished.  AcccrdiBf  t* 
this  view,  neither  Ilie  difieretit  faculties  nor  the  dift'erenl  perce]>ito«is  are  localized  in  special  steak 
fioltz  holds  a  feoroewhol  similar  view  lo  thai  of  Flouren^.  He  aMumes  that  if  an  uninjured  part  U 
the  cerebrum  remain  it  can  to  a  certain  extent  perform  tlie  functions  of  the  pans  that  bare  bcoi 
removed.     This  \\il|iinn  ha*  called  the  law  uf  "functional  substitution"  (loi  de  supiiltancrV 

The  Phrenological  doctrine  of  Gall  (f  1828)  and  Spurzheim  assumes  that  the  difi«rcnt  nnisl 
faculties  are  located  in  diflerent  [>arls  of  the  brain,  atui  it  is  aisumcd  that  a  large  development  of  t 
particular  organ  maybe  detected  by  examining  the  external  contiguraiion  of  the  head  (CranioKopy. 


Removal  of  the  Cerebrum. — After  the  removal  of  both  cerebral  hemi- 
sphtrcs,  in  most  animais,  every  voluntary  movcmcni  and  all  conscious  impresaon 
and  sensory  perception  entirely  ceases.  On  the  other  hand,  the  whole  raecltanitil 
movements  and  the  maintenance  of  the  equilibrium  of  the  movements  arc  retained. 
The  maintenance  of  the  equilibrium  de|)ends  upon  the  mid-bmiiij  and  ~~ 
regulated  by  important  reflex  channels  (§  379). 


4 


Sudden  cessation  of  ibe  circulation  in  the  brain,  e.g.,  by  decapitation,  is  followed  at  oncebyt 
tinn  of  the  mental  faculties.  When  Ilayem  and  Harrier  perfused  the  blood  of  a  fiorse  through  tk< 
carotids  of  a  decapitated  dog's  head,  the  head  showed  signs  of  consciousoefts  and  wilt  for  10  scceedh 
but  ool  longer. 

The  mid-brain  (corpora  quadrigemina)  is  connected  not  only  with  the  ^7 
matter  of  the  spinal  cord  and  medulla  oblongata,  the  scat  of  extensive  rdkx 
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mechanisms  (§  367),  but  it  also  receives  fibres  coming  from  the  higher  organs  of 
sensCr  which  also  exdte  movements  reflcxly.  The  corpora  quadrigemina  are  also 
supposed  to  contain  a  reflex  inhibitory  apparatus  (§  361,  2).  The  joint  action  of 
all  these  parts  makes  the  corpora  quadrigemina  one  of  the  most  important  organs 
for  the  harmonious  execution  of  movements,  and  this  even  in  a  higher  degree  than 
the  medulla  oblongata  itself  (Gtf//£).  Animals  with  their  corpora  quadrigemina 
intact  retain  the  equilibrium  of  their  bodies  under  the  most  varied  conditions,  but 
they  lose  this  power  as  soon  as  the  mid-brain  is  destroyed  (Gol/z),  Christiani 
locates  the  coordinating  centre  for  the  change  of  place  and  the  maintenance  of 
the  equilibrium,  in  mammals,  in  front  of  the  inspiratory  centre  in  the  ;^(\ 
ventricle  (§  368). 

That  impresaions  from  the  skin  and  sense  organs  are  concerned  in  the  malntensnce  of  the 
equilibrium,  is  proved  by  the  followirnj  fRCt» :  A  frog  without  its  cercbnim  at  once  loses  its  power 
of  IraUncing  itself  as  soon  as  the  skin  »  remorrd  horn  its  hind  Hmbii.  'Vhc  action  of  impretiiions 
ConununicatL-d  through  ilie  cyci  is  proved  by  the  dirficuityor  ioipossibtljiy  of  maintaining  iheef|uillb- 
rium  in  nysloginus  ({  350),  and  by  itic  vcrtieo  which  often  accompanies  pnralyitis  of  the  external 
ocular  muscles.  In  persons  whose  cutaneous  sensibility  is  diminished,  the  eyes  are  the  chief  organs 
forihe  maintenance  of  the  e^iuililiriam  ;  ihc}  fall  over  when  the  eyes  arc  closed.  [This  is  well  lUuS' 
trated  in  cases  of  locomotor  alaxin  (p.  697].] 

Frog. — A  frog  with  its  cerebrum  removed  retains  its  power  of  maintaining  its 
'  equilibrium.  It  can  sit,  spring,  or  execute  complicated  coordinated  movements 
I  when  appropriate  stimuli  arc  applied  ;  when  placed  on   its  back,  it  immediately 

turns  into  its  normal  position 
I  on  its  belly  ;  if  stimulated  it  I'l'^.  47i. 

I  gives  one  or  two  springs,  and 

I  then   comes   to    rest ;    when       fTw^«y.aH     /\  Fin.  472. 

'  thrown  into  water,  it  swims 
'  to  the  margin   of  the  vessel, 
I  and  it  may  crawl  up  the  side, 
and  sit  passive  upon  the  edge 
I  of  the  vessel.     When  incited 
I  to  move,  it  exhibits  the  most 
1  complete  harmony  and  unity 
1  in  all  itsmovements.     Unless 
it  is  stimulated,  it  never  makes 
I  independent,  voluntary,  purposive   movements.     It  sits  in  the  same  place  con- 
tinually as  if  in  sleep,  it  takes  no  food,  it  has  no  feelings  of  hunger  and  thirst,  it 
shows  no  symptoms  of  fear,  and  ultimately,  if  left  alone,  it  becomes  desiccated 
like  a  mumtny  on  the  spot  where  it  sits.     [If  the  flanks  of  such  a  frog  be  stroked, 
it  croaks  with  the  utmost  regularity  accordmg  to  the  number  of  times  it  is  stroked. 
Langendorff  has  shown  that  a  frog  croaks  under  the  same  circumstances,  when  both 
optic  nerves  are  divided.     It  seems  to  be  influenced  by  light ;  for,  if  an  object  be 
placed  in  front  of  it  so  as  to  throw  a  strong  shadow,  then  on  stimulating  the  frog 
It  will  spring  not  against  the  object,  a,  but  in  the  direction,  d  ^Fig.  471).     Steiner 
finds  that  if  a  glass  plate  be  sulwlituted  for  an  opaque  object  like  a  book,  the  frog 
I  always  jumps  against  this  obstacle.     Its   balancing  movements  on  a  board  are 
j  quite  remarkable  and  acrobatic  in  character.     If  it  be  placed  on  a  board,  and  the 
I  board  gently  inclined  (Fig.  472),  it  does  not  fall  off,  as  a  frog  with  only  its  spinal 
I  cord  will  do,  but  as  the  board  is  inclined,  so  as  to  alter  the  animal's  centre  of 
[gravity,  it  slowly  crawls  up  the  board  until  its  equilibrium  is   restored.     If  the 
board  be  sloped  as  in  Fig.  472,  it  will  craw]  up  until  it  sits  on  the  edge,  and  if  the 
'  board  be  still  further  tilted,  the  frog  will  move  as  indicated  in  the  figure.     It  only 
'  does  so,  however,  when  the  board  is  inclined,  and  it  rests  as  soon  as  its  centre  of 
I  gravity  is  restored.     It  res^rands  to  every  stimulus,  just  like  a  complex  machincj 
answering  each  stimulus  with  an  appropriate  action.] 


Krof  Mdihout  iti  ccre- 
liniin  avoid  inr  on 
object  plikced  in  lu 
path. 


"^ 


Froj;    wi[)u-Ml    lU  ccrct>nj[n    moTitii;  on 
inclinecl  board  (Cf/U). 
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Pigeon  with  iu  ecnbnl  henn 


A  pigeon  without  its  cerebral  hemispheres  behaves  in  a  similar  manner  (V% 
473).     When  undisturbed  it  sits  continuously,  as  if  in  sUep^  but  when  stimulate 

it   show^   complete  harmony  of   all 
*'''*^^*  movements;  it  can  walk,  fly,  pcrrh,  a.Q 

balance  its  IxKiy.  The  sensory  nt 
and  those  of  special  sensation  condoct 
impulses  to  the  brain  ;  they  only  dis- 
charge reflex  movements,  but  they  do 
not  excite  conscious  impresiions.  Hence 
the  bird  starts  when  a  pistol  is  fired  cla 
to  il^-  ear ;  it  closes  its  eyes  when  it 
brought  near  a  flame,  and  the  pupils  cc 
tract ;  it  tunis  away  its  head  when  ill 
vapor  of  ammonia  is  applied  to  its  dc 
Irils.  All  these  impressions  are  not 
,17^  ceived    as   conscious   perceptions, 

perceptive  faculties — the  will  and  mc 
— are  abolished;  the  animal  never  lakes  food  or  drinks  spontaneously.     But 
food  be  placed  at  the  bark  part  of  its  throat  it  is  swallowed  [reflex  act],  and  io 
this  way  (he  animal  may  be  maintained  alive  for  months  {J^/ourens). 

Fish  appear  lo  behave  differenily.     A  carp  with  its  cerebrum   removed  (Fig 
4S3,  VI,  i)  can  see  and  may  even  select  its  food,  and  seems  to  execute  its  mov 
raents  voluntarily  {SUtrifr,  Vuipiaft), 

Mamtnals  (rabbit),  owing  to  the  great  loss  of  blood  consequent  on  removal* 
the  cerebrum,  are  not  well  suited  for  experiments  of  thiskind.  Immediately  «/tCT 
the  operation  they  show  great  signs  of  muscular  weakness.  When  they  reovrr, , 
they  present  the  same  general  phenomena  ;  only  when  they  are  stimulated  ihevniUii 
as  it  were,  blindfolded  against  an  obstacle.  Vulpian  observed  a  peculiar  shriek  art 
cry  which  such  a  rabbit  makes  under  the  circumstances.  Sometimes  e\en  in  nun  \ 
a  peculiar  cry  is  emitted  in  some  cases  of  pressure  or  inflammation  rendering  Ibc 
cerebral  hemispheres  inactive. 

Observations  on  somnambulists  show  that  in  nun,  also,  complete  harmonr 
of  all  movements  may  be  retained,  without  the  assistance  of  the  will  or  conscio'ii 
impressions  and  perceptions.  Asa  matter  of  fact,  many  of  our  ordinan  move- 
ments are  accomplished  without  our  being  conscious  of  them.  They  take  pUcc 
under  the  guidance  of  the  basal  ganglia. 

The  degree  of  intelligence  in  the  animal  kingdom  \%  in  relaiion  in  the  ti/e  of  the  ccftird 
hemisplieics,  in  proponion  to  the  mass  of  tlic  uihcr  p.itts  of  the  central  nervous  *y>icin.    Ttluof 
tlie  brain   alone  into   con!^ideralio^.  we   observe  that  those   aniuioU  have    the  hiyhc«-t   intelli|7°tt 
in  which  the  cerebral  hemispheres  greatly  exceed  the  mid-t)rain  in  weight.     The  midbrain  w  fef«e 
sentcd   by  the  opiic  lol>cs  in  the   lower  vcrlebrotes,  and  by  the  cor|»ora  quadrigeininn  m  the  liijbcf 
vcTicbraics.     In  Fig.  483,  VT, represents  the  brain  of  a  carp;  V,  of  a  fr<^;  and  IV,  iif  a  |Mfiena.    U 
all  thee  coses  i  indicates  the  cerebral  hemispheres;  2.  the  optic  lobes;  3.  ihecercl>clluni ;  ■D(l4tbc 
medulla  abIon|;ala.      In  the  carp,  the  cerel>ra1   hemispheres  are  ntnatter  than  the  ojitic  lolica;  in  iV 
frog,  they  exceed  Ihe  latter  in  si/e.      In  the  pigeon  the  cerebrum  l>cgin!t  to  project  backnardovO 
the  ccretietlum.     The  degree  of  intelligence  increases  in  lhe<ve  animals  in  Ihia  pitiportion.     In  ibt 
dog't  brain  (Fig.  48;,  11)  the  hemispheres  cumptctely  cover  the  cnrfx>ni  quadrigeminj.but  ibf  «««• 
trellum  »ttll  lies  behind  the  cerebrum,     In  man  ilie  occipital  Iube&  of  the  cerebrum  completely  tcvd- 
lap  the  cerebetlum  (Fig.  479).     [The  projection  of  the  occipital  lobes  over  (he  cerelielluro  it  iJnttt 
the  development  of  the  frontal  lobes  pushing  backward  the  convolutioog  that  lie  behind  ihem,uA 
not  entirely  to  increased  development  of  the  occipital  lolies.] 

Mcyncrt'fl  Theory. — According  to  Mcyncn,  we  may  represent  this  relation  in  another  way. 
is  known,  filres  proceed  downward  from  the  cerebral  hemisjihere^,  through  the  cnuca  or  bubol  I 
cere)>ral  peduncle,     lliese  fibres  nre  sepamted  from  ibe  upper  RInvs  or  tegmentum  of  tbc  p 
by  tlie  lucus  niger,  the  legmenlum  bcirg  connccte^l  M'ith  tbe  coT|K>ra  qnadrigeinina  and  In 
thalamus.     The  larger,  therefore,  the  crrcliral  hemispheres,  the  more  numerous  will  tie  the 
proceeding  from  it.     In  Fig.  461,  11,  is  a  transverse  section  of  the  posterior  corpora  qtMdrigemB^ 
with  the  aqetluct  of  Sylvius  and  both  cerebral  pedunclea  of  an  adult  man ;  /,  /,  is  tbe  crusta  of  cacfe 
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fetluncle,  and  abore  it  liei  the  locns  niger,  x.  Vig.  461,  TV,  shows  (he  same  puis  in  a  monkcjr ; 
II,  in  a  dug ;  and  V,  In  a  guioea-piK-  '11)c  cni&u  diminishes  ia  the  above  series.  Tbcre  Is  a  corrc- 
sponHinj;  diinmution  of  the  cerebral  hemispheres,  ami,  at  the  &aine  timr,  in  the  intelligence  of  the 
conxrsponding  animaU. 

Sulci  and  Gyri. — I'he  degree  of  intelligence  aUo  de|H?nds  upon  the  number  and  depth  of  the 
convolutions.  In  the  lowest  vertebrsTcs  ^tish,  frog,  bird)  ihe  furrows  or  sulci  are  al>seni  (Fig.  461, 
IV,  V,  VI);  in  the  rabbit  there  are  two  shallow Turrowa  on  each  side  lIIlV  The  dog  hasa  com- 
plelcljr  furrowed  cercbrtim  (I,  11).  Most  remarkable  is  the  complexit)'  of  the  sulci  and  convolutions 
of  the  cerebrum  of  the  elephaut,  one  of  the  most  intelligent  of  animals.  Nevettbeless,  some  very 
stupid  animals,  as  (he  ox,  have  very  complex  convnlulions. 

The  absolute  weight  of  the  brain  cannot  1m:  taken  as  a  guide  to  intelligence.  The  elephant  has 
«(*W«/c/i-  the  heaviest  brain,  Init  man  has  relaih'dy  the  heavjot  brain.  [\Vc  ought  also  to  lake  into 
account  ihe  complexity  of  the  convolutiuns  and  the  depth  of  the  gray  matter,  its  vascularity,  and 
the  extent  of  anastomases  between  its  nerve  cells.] 

Time  an  Element  in  all  Psychical  Processes, — Every  psychical  process 
requires  a  certain  tmie  for  its  occurrence — a  certain  lime  always  elapses  between 
Ihe  application  of  the  stimulus  and  the  conscious  reaction. 


Nature  of  StlmuliM, 


Shock  on  left  hand, 

Shock  on  forehead 

Shock  on  toe  of  left  foot, 

Sadden  noise, 

Visual  impressions  of  electric  spark, 
Hearing  a  sound, . 

Curncnt  to  tongue  causing  taste, 

Saline  taste, 

Taste  of  sugar 

"  acids, 

"  quinine, 


Reaction  Tine. 

Kiuae  of  Ot»«nr«f . 

.» 

Exner. 

.»3 

do. 

«7 

do. 

■  13 

do. 

<5 

do. 

.16 

Donders. 

.16 

r  V.  Vintschgau  antl 
Hftnigschmied. 

.15 

do. 

.16 

do. 

.16 

do. 

.a3 

do. 

Reaction  Time. — This  lime  is  known  as  '* rtaction  time"  and  is  distinctly  longer  than  the 
simple  reflex  time  required  for  a  reflex  act.  It  can  be  measured  by  causing  the  person  expcramentcd 
on  to  indicate  by  means  of  an  electrical  signal  the  moment  when  the  stimulus  is  applied.  The 
reaction  time  consis  s  of  the  following  events:  (1)  The  JurtiHon  of  furctption,  t.  /.,  when  we 
become  conscious  of  the  im(>ression  ;  (2)  the  duration  of  the  time  required  to  direct  the  n/ffii/itm  to 
the  impression,  i.  e.,  the  liuralion  of  apperce^ion  ;  and  (3)  the  dnralion  of  the  voluntary  impHht, 
(<^ether  witli  (4)  the  time  re<:|uired  for  conducting  the  impulse  in  the  afferent  nerves  to  the  centre, 
and  (5)  the  lime  for  the  impulse  to  travel  outward  iit  the  motor  nerves.  If  the  signal  be  made 
with  the  hand,  then  ihc  reaction  time  for  the  impression  of  jo««(/ is  0.136  to  0.167  second;  ^^"^ 
tAStc,o.l5  100.23;  touch,  0.113  to  0.201  second  {Horsch,v,  Vintschgaa  and  NSnigichmietf);  for 
olfactory  impressions,  which,  of  comse,  depend  uptm  many  cottditions  ^ihc  phase  of  respiration, 
current  of  air),  0.2  to  0.5  second.  Intense  stimulation,  increased  attention,  practice,  exiiectation, 
and  knowledge  of  the  kind  of  stimulants  to  lie  applied,  all  diminji^h  the  lime.  Tactile  impressions 
i*re  mo*t  rapidly  perceived  when  they  .ire  applied  to  the  most  sensilive  |»ut5  {v.  Vintsfh'^au).  The 
time  is  increased  with  very  strong  stimuli,  and  when  objects  difficult  to  be  distinguished  are  applied 
(i*.  HelmhoUz  and  B'txt).  The  time  required  to  direct  the  attention  to  a  number  consisting  of  1 
I0  3  Agnres,  Tigerstedt  and  Bcr^quist  found  to  be  0.015  '^  ^-^.15  !>econd.  .\lcohoI  and  the  ana*S' 
Ihetics  alter  the  lime;  according  to  their  degree  of  action  they  shorten  or  lengthen  it  (JCraplin).  In 
order  that  two  shocks  applied  after  each  other  l>e  d^stinKui^hcd  as  two  distinct  impressions,  a  certain 
interval  must  elapse  between  the  two  shocks — for  the  car,  0-002  to  O-OO75  second ;  for  the  eye, 
OX>44  to  0.47  second ;  for  the  finger,  0.277  swrond. 

[The  Dilemma. — \N  hen  a  person  is  experimented  on,  and  he  is  not  lold  whether  the  right  or 
left  side  is  to  t>e  stimulated,  or  what  colored  disc  maybe  presented  to  the  eye*  then  the  lime  (o 
rearand  correctly  is  longer.] 

[Drugs  and  other  conditions  affect  tbc  rcnctioti  lime.  Ether  and  chlomrorm  lengthen  it.  while 
alcohol  tloea  the  same,  but  Ibe  person  imagines  he  really  reacts  quicker.     Noises  also  lengthen  it.] 

In  sleep  and  waking,  we  obser%-e  the  periodicity  of  ihe  active  and  passive  conditions  of  the  brain. 
During  sleep,  there  is  diminished  excitability  of  the  whole  nervous  system,  which  is  only  pirtly  due 
to  the  fatigue  of  alTcrcnt  nerves,  but  is  largely  due  to  ihc  condition  of  tbe  central  nervous  system. 
During  sleep,  we  require  to  apply  strong  stimuli  to  produce  reflex  acts.     In  the  deepest  sleep  the 
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psychical  or  mfnial  procesMs  seem  lo  be  completely  in  abeyance,  so  llut  a  penon  Mlem  m^  1 
compsred  to  an  itiiiinot  wiih  iu  cerebral  hemispheres  tetnoved.  Toward  the  ajififOACh  oi  Uie  ficrt 
when  .1  person  is  about  to  waken,  p!i>'ctiicAl  activity  may  manifest  itself  in  the  {ortn  of  drtttm. 
which  difTcr,  however,  from  normnl  mcr.tal  processes.  They  consist  either  of  impruBioas.  wfam 
there  U  no  objective  cause  (halluci nations),  or  of  voluntary  impulses  which  are  not  execulcii,  oi 
trains  of  thought  where  the  reiLSoning  and  jud^ii^  powers  are  disturbed.  Often,  cq>«cully  nrir 
the  time  of  wnking,  the  actual  ttimuU  may  so  act  as  to  give  rise  to  impressloos  which  become  moM 
with  the  thoughts  of  a  dream.  The  diminished  activity  of  the  heart  (\  70,  3,  c),  the  rtspiraun 
({  127.  4),  ibc  goitric  and  intestinal  muvemeots  (}  213,  4),  the  fonnaiton  of  heat  i\  216.  ^^.aftd  tbt 
secretions  {Hiint  to  a  dimintslicd  excttalnlily  of  the  corresponding  nerve  centres,  and  the  dimiaMied 
reflex  excitability  to  a  corresponding  condition  of  the  spinal  cord.  The  pupils  are  oontracMd  to* 
ing  sleep,  the  deeper  the  latter  is;  so  that  in  the  deqiest  sleep  they  do  not  become  cooKncied  tm 
the  application  of  light.  The  pupils  dilate  when  sensory  or  auditory  stimuli  are  applied,  and  the 
lighter  the  sleep,  the  more  ia  this  the  case ;  they  are  widest  at  the  moments  of  awacii^  (/Vpci»i. 
[Hughliugs  Jackson  finds  that  the  retina  is  more  anxmic  than  in  the  waking  state.]  Thmo^  dt<e;s 
mere  seems  lo  be  a  condition  of  increased  action  of  certain  sphincter  mu^clo — those  for  coDtnoiqE 
the  pupil  and  closing  the  eyelids  {Rosmback).  The  soundness  of  the  sleep  may  be  determiaed  l^ 
the  intensity  of  the  sound  required  to  watcen  a  person.  KohlschUtter  found  thai  at  first  sleep 
deepens  very  quickly,  then  more  slowly,  and  the  uiaxlmuni  is  reached  oAcr  lue  hour  t^accordioc  li 
Monningholf  nnd  Preisbcrgen  a&er  i^'  hour);  it  then  rapidly  tightens,  until  several  bouts  bcMa 
waking  it  is  very  light.  External  or  internal  stimuli  may  mddeoly  diminish  the  depth  of  tbc  sleep, 
but  this  may  he  followed  again  by  deep  sleep.  The  deeper  the  sleep,  the  longer  it  lasts.  [Dortasa 
asserts  that  the  brain  ts  amcmic,  that  the  arteries  and  veins  of  the  pis  mater  arc  conuaaod  dariof 
sleep  and  the  brain  smaller ;  but  is  this  cause  or  effect  ?1 

'I'he  cause  of  sleep  is  the  using  up  of  the  potenual  energy,  especially  in  the  central  ocmas 
system,  which  renders  a  restitution  of  energy  necessary.  Perhaps  the  accumulation  of  the  deOOBpfr 
sition  products  of  the  nervous  activity  may  also  act  as  producers  of  sleep  (?  lactates — Prtyrr.) 
Sleep  cannot  be  kept  up  for  above  a  certain  time,  nor  can  it  be  interrupted  voluntarily.  Many  nor 
Cotic4  rapidly  produce  sleep.  [The  "  diaatolic  phase  of  cerebral  activity,"  as  sleep  has  been  coUtil. 
is  largely  dependent  on  the  absence  of  stimuli.  We  must  sup|X)se  that  there  are  two  factnrSt  mw 
central,  represented  by  the  excitability  of  the  cerebrum,  which  will  vary  under  different  coodiboas, 
and  ihc  other  externa],  represented  by  the  impulses  reaching  the  cerebrum  through  the  diflcraf 
sense  organs.  We  know  that  a  tendency  to  sleep  is  favored  by  removal  of  external  stimuli,  by  ihM- 
ting  the  eyes,  retiring  lo  a  quiet  place,  etc.  The  external  sensory  impressions,  indeed,  inflmnoe  tte 
whole  melabolism.  Slnimpell  describes  the  case  of  a  lx>y  whose  sensor)'  inlets  were  all  paialvsvd 
excerpt  one  eye  and  one  car,  and  when  these  inlets  were  closed  the  boy  fell  asleep,  showtty  bo* 
btimately  the  waking  condition  is  bound  up  with  sensory  afferent  impulses  reacbuig  the  cocfanl 
centres.] 

[Hypnotics,  such  as  opium,  morphia,  KBr,  chloral,  are  drugs  which  induce  sleep.] 

Ksrpnotism,  or  An'unal  Magnetism. — [Most  important  observations  on  this  subject  were  aa^ 
by  Braid  of  Manchester,  whose  results  are  confirmed  by  many  of  the  recent  re -discoveries  of  Wi» 
hold,  Heideiihain,  and  others.]  Heidenhain  assumes  that  the  cause  of  tlus  coodttion  is  doc  to  aa 
inhibition  of  the  ganglionic  ceils  of  the  cerebrum,  [^oduced  hy  continuont  feeble  stiraulalioa  of  tkt 
face  (slightly  stroking  the  skin  or  electrical  applications),  or  of  the  optic  nerve  (a.s  by  gazing  sfeeaj^ 
at  a  small  brilliaiu  object),  or  of  the  auditory  nerve  {by  uniform  sounds) ;  while  sudden  asid  tfmf 
stimulation  of  the  same  nerves,  especially  blowing  upon  the  face,  abolishes  the  condition.  Bopt 
attributes  great  importance  [as  did  Carpenter  and  Uraid  long  ago]  to  the  psychological  factor.  vberaM 
the  attention  was  directed  to  a  particular  part  of  the  body.  Tne  facility  with  which  diflerrot  per- 
sons become  hypnotic  varies  very  greatly.  When  the  hypnotic  condition  has  been  prodocol  ■ 
number  of  times,  its  sulisc*[ucnt  occurrence  is  facilitated,  r.  ^.,  l>y  merely  pressing  upon  the  bitm,  Im 
placing  the  body  passively  in  a  certain  position,  or  hy  stroking  the  skin.  In  some  people  the  okiv 
idea  of  the  condition  suffices.  A  hypnotized  person  ts  no  longer  able  to  open  his  eyelids  when  tbrr 
are  pressed  together.  This  is  followed  by  spasm  of  the  apparatus  for  accommodation  in  the  nc. 
the  range  of  accommoJatiun  is  diminished,  and  there  may  be  deviation  of  the  position  of  tbecft-^ 
balls ;  then  follnw  phenomena  of  stimulation  of  the  sympathetic  in  the  oMongata ;  dilatation  <  ' 
fissure  of  the  eyelids  and  the  pupil,  exophthalmos,  and  increase  of  the  respiration  and  puUe. 
certain  stage,  there  may  be  a  great  increase  in  the  sensitiveness  of  the  functions  of  the  scnsc'i 
and  also  of  the  muscular  sensibility.  Afterward  there  maybe  analgesia  of  the  fwn  strokrdii 
loss  of  taste ;  the  sense  of  lein|iera;tuie  is  lost  less  rapidly,  and  still  later  (hat  of  sight,  o^  saitt.  I 
of  hearing.  Owing  to  the  abolition  or  suspension  of  consciousness,  stimuli  applied  to  the  tmm 
organs  do  not  produce  conscious  impressiuns  or  ])i:rceptiuns.  But  stimuli  applied  to  the  senac  MfBa 
of  a  hypnotized  person  cause  movements,  which,  however,  are  unconicioui,  although  tbe]r  Mindtft 
volunury  acts.  In  persons  with  grentty  increased  reflex  excitability,  voluntary  moveoetii  MT 
CTcCilc  reflex  spasms;  the  [.tcrsou  may  l>e  unable  lo  coordinate  his  oi^ns  for  spee^. 

Types.— According  to  Griitzner.  there  are  several  forms  of  hypnotism  :   (l)  /*di:sR¥  xA^*  nkv* 
words  are  still  understood,  which  occurs  especially  in  girls;  (2)  owing  to  the  increased  reflex  euila 
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ty  of  the  striped  moKles,  certain  groupt  of  muscles  may  be  contracted — a  condition  which  majr 
lost  for  days,  especially  in  strong  pople:  »t  the  same  time  ataxia  may  occur,  and  the  muscles  may 
fail  to  perform  their  fuactioo&  (artificial  katalepsy).  During  the  stage  of  lethurg)-  tn  h^tcriciU 
persons,  ihe  tendon  reflexes  are  alttenl  often  [Charcot  and  iiicker\ ;  (3)  auianomy  at  eall^  1.  e.,  the 
faypnotiecd  person — in  mo&t  ca&cs  tlie  consciousness  is  still  rctainea — obieys  a  command,  in  faU  con- 
dition of  lignt  sleep.  When  the  hnnd  is  grasped  or  the  head  stroked,  he  executes  iovoluntary  move, 
ments — runs  about,  dances,  rides  on  n  <^too1,  and  the  like;  (4I  hnllticinations  occur  only  in  sume 
individuals  when  they  waken  from  a  deep  sleep,  the  hallucinations  (usually  cunsistinj;  of  the  sensa- 
tion of  fparks  <>f  fire  or  odonti  l)eing  very  strong  and  well  pronounced;  (5)  imitation  is  rare,  urdt- 
aary  movements,  such  as  walking,  are  easily  imitated,  the  finer  movements  occur  rarely.  The 
'•  echo  speech  "  is  produced  \rf  pressure  upon  the  neck,  speaking  into  the  throat,  or  against  the 
abdomen.  PrciuUrc  over  the  right  eyebrow  often  ushers  in  the  speech.  Color  sensation  is  sua- 
pendcd  by  placing  the  warm  hand  on  the  eye,  or  by  stroking  the  op|x>site  side  of  the  head  (G^A/i), 
Stroking  (he  limhs  in  the  reverse  direction  gradually  removes  the  rigidity  of  the  Itmbs  and  causes 
the  person  to  waken.  Blowing  on  a  part  does  so  at  once.  Insane  persons  con  be  hypnotized.  Dis- 
agreeable results  follow  only  when  the  condition  is  induced  loo  often  and  too  continuously. 

Hypnotism  in  Animals. — A  hen  remains  in  a  fixed  position  when  an  object  is  suddenly  placed 
before  its  eyes,  or  when  a  straw  is  placed  over  its  beak,  or  when  the  head  of  the  animal  is  pressed 
on  the  ground  and  a  chalk  line  made  liefore  its  beak  {Kirchcr's  experimcntum  mirabile,  1644). 
[Laogley  has  hypnotized  a  crocodile.]  Birds,  rabbits  and  frogs  remain  ^wissive  for  a  time  after  they 
have  been  gently  stroked  on  ibe  back.     Cnylish  stand  on  their  henJ  and  claws  {C'zermak). 

375.  STRUCTURE  OF  THE  CEREBRUM— MOTOR  CORTICAL  CENTRES.— 
[Cerebral  Convolution. — A  vertical  section  of  a  cerebral  convolution  con^-iiis  of  a  thin  layer  of 
gray  matter  externally  enclosing  a  white  core  (Fig.  478).  The  cortex  consists  of  cells  and  libres 
embedded  in  a  matrix,  and  to  the  nerve  celln  ner>-e  fibres  proceed  frnm  the  white  matter.  The 
nerve  celb  of  the  cortex  vary  in  size,  form  and  distribution  in  the  difiereDi  layers  and  also  in  different 
convolutions.  Taking  such  a  convolution  as  the  ascending  frontal  or  motor  area  type,  we  get  the 
appearances  shown  in  Fig.  474.  It  is  covered  on  its  surface  by  the  piu  niaier.  (i)  The  most 
superficial  layer  is  narrow,  and  consists  of  much  neuroglia,  a  network  of  branched  nerve  fibrils,  a 
few  scattered  small  multipolar  nerve  ceUs,  and  a  layer  of  very  small  medullated  nerve  fibres;  (2)  a 
layer  of  close-scl,  tmnll,  aMtntl/ir,  tT  short.  Pyramidal  turve  tells ;  (j)  the  thickest  layer  or  forma- 
tion of  the  cornu  ammonis,  consisting  of  many  layers  of  larger  pyramidal  cells,  which  are  larger  in 
the  deeper  than  in  the  more  superficial  layers.  They  are  not  so  closely  packed  together,  as  many 
granules  lie  Ixtween  them,  .^t  the  lowest  part  of  this  layer  the  cells  arc  larger  than  el.'^ewhere, 
presenilis  some  resemblance  to  the  cells  of  the  anterior  comu  of  the  gray  matter  of  the  spinal  cord. 
By  some  it  is  described  as  a  .s|>ec)al  layer,  and  termed  the  ^anelion-eell  layer.  This  layer  w 
specially  well  marked  in  those  convolutions  which  are  described  as  containing  motor  centres. 
Among  the  large  cells  are  a  few  small  angular- looking  cells,  which  become  luorc  numeious  lower 
down,  and  from  {4)  a  narrow  layer  of  numerous  small,  branched,  irregular,  ganglionic  cells — the 
'Agranular  /or  ma/ion"  of  Meynert.  In  the  motor  oreas  mixed  with  these  aie  large  pyramidal 
cells,  disposed  in  groups  called  "cell  clusters."  (5)  A  layer  of  Rpindle-shaped  fusiform  branched 
cells- — the  elaustral  formation  of  Meynert — lying  for  the  most  part  parallel  to  the  surtice  of  the 
convolution.  No  layer  is  composed  exclusively  of  one  form  of  cell.  The  above  represents  the 
motor  type.  Then  follows  the  ■:i'hite  matter  (w).  consisting  of  medullated  nerve  fibres,  which  mn 
in  group*  into  the  gray  matter,  where  they  luse  thetr  myelin.  The  fibres  are  somewhat  ^imaller 
than  in  the  other  parts  of  the  nervous  sjrstem  (diameter  i^^^  inch),  and  between  them  lie  a  few 
nuclear  elements  ] 

[In  the  Bensory  type,  as  in  the  occipital  lobe  (Kig.  475),  the  first  and  second  layers  are  not  unlike 
Ute  corrcsportding  layers  in  the  motor  type,  and  the  fu<'irorm  celU  in  the  seventh  layer  also  resemble 
Ihe  latter.  The  layer  of  pyratuiilal  cells  (3)  is  not  mi  large,  while  its  <icC[>er  part,  sometimes  called 
the  "ganglion-cell-layer,"  contaiiu  no  large  cells.  (5)  Itetween  the  two  is  (4)  a  layer  with  numerous 
angular  t;ranulc-like  Uidicsor  cclLi,  called  the  "granule  layw."] 

[The  hippocampus  major  contains,  l>esides  a  layer  of  neurotgia  and  some  white  matter  on  the 
surhce,  a  regular  series  of  pyramidal  cells,  which  give  it  a  characteristic  ap|>earance.  This  »  the 
pan  which  varies  most.  It  is  to  be  remembered  that  the  transition  from  one  type  to  the  other  takes 
place  gradually.] 

[Pjrramidal  Cells  of  the  Cortex. — Each  cell  is  more  or  less  pyramidal  in  shape,  giving  off 
several  processes — {a)  an  apical  process,  which  is  often  very  long,  and  nins  toward  the  surface  of 
the  cerebrum,  where  it  is  said  to  terminate  in  an  ovoid  corpuscle,  closely  resembling  those  in  which 
the  ultimate  branches  of  Purkinje's  cells  of  the  cerebellum  end  ;  {b)  the  unbranched  median  basilar 
process,  which  is  an  axial  cylinder  process,  and  becomes  continuous  with  the  axial  cylinder  of 
a  nerve  fibre  of  the  white  matter.  It  ultimately  becomes  invested  hy  myelin,  [c)  The  lateral 
proccBsea  are  given  off  chiefly  near  the  base  of  the  cell,  and  they  ■■^oon  branch  to  form  port  of  the 
ground  plexus  of  fibrils  which  evL-rywhcre  pervades  Ibc  gray  mutter.] 

Kach  Cell  is  surrounded  by  a  lymph  space,  and  ^0  are  the  blood  vessels,  in  the  latter  case 
forming  a  perivascular  space,  which  communicates  with  the  pericellular  lymph  space,  as  in  Kig.  476. 
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[Nerve  Fibres  in  the  Cortex.— The  ordiniry  inelhuds  or  hardening  the  brain  do  not  enable 
tu  to  detect  the  ctiormoub  numlicr  of  medulUted  nerve  fibres  in  the  gray  maUer.  By  umd^ 
Hsner't  osmic  ncid  method,  or  \Vci|>rrt'»  or  l*al  s  mcih'Mi,  we  olrtain  such  a  renult  as  »  thown  in 
l^K-  477-  I'nder  the  pia  [!')  is  a  layer  of  connective  li»ue  \.n  devoiil  of  nerve  tibrc5.  Iknenth 
it  is  a  layer  {/•)  occupying  alx>ut  the  lutlT  oT  the  outer  layer,  which  U  almoM  cnlirclr  taken  up  by 
mcduUatcd  nerve  filtrcs;  nioM  of  thac  are  tine,  )jui  a  few  of  ihcm  are  coarse,  and  run  paruHel  to  the 
•nrface  and  tant^cniial  to  the  arc  of  the  outer  contour  of  the  convolution.  Internal  tu  ihi»  is  a  layer 
oi  medullated  Hbrcs  ye),  which  crot&  each  other  in  various  directions;  while  a  similar  octwork  f^ 
occurs  in  the  inull-celled  layer.  (2)  In  the  layer  of  lai^e  pytomidal  cells  (3)  there  ore  bunilles 
of  medullated  fibres,  runntng  radially  (/) ;  but  at  the  lower  part  of  this  layer  there  is  a  very  dense 
network  (/  ),  forming;  (in  a  Wetgcrl's  preparatiool  a  dense,  dark  band,  corresgionding  lo  the  outer 
layer  of  Uaillangcr.  In  the  layers  marked  \  g  am)  4),  which  are  partly  in  the  third  and  partly  in  the 
fourth  curtical  layer,  the  radial  arrangement  is  more  marked  and  more  compact,  and  the  thick  tibres 
are  more  numerous.  In  the  middle  is  {M)  n  narrow,  dense  network  corresponding  to  Haillonger's 
inner  layer,  llie  tower  part  of  the  fourth  layer,  and  the  whole  of  the  fifth,  are  occupied  by  /.  It 
is  to  be  remembered  that  all  the  convolutions  do  not  present  eiaaly  ibc  same  structure  and 
arrangement  {OhfrsinHfr).'\ 

[Variations. — '1  he  gray  matter  differs  in  different  parts  of  the  brain.  In  the  gray  malter  oi  the 
comu  ammonift,  the  tart^c  pyramidal  cells  of  13^  make  up  the  chief  moss;  in  the  clsuitrtim  (4)  ts 
most  abundant.  In  the  central  convolutions  \oscending  frontal  nnd  parietal),  according  to  Itetz. 
Mierzejcwski,  and  Bcvan  Lewis,  very  lan;e  pyramidal  cells  are  found  in  the  lower  part  of  the  third 
layer.  Similar  cells  have  been  found  in  the  pusicrior  eslrcmities  of  the  frontal  convolutions  in  some 
aoimsls — the  posterior  parietal  lobule,  and  para-centrol  lobule,  all  of  which  have  roolor  funciions. 
In  those  convolutions  which  arc  regarded  as  sut>serving  sensory  functions,  a  somewhat  different 
type  prevails,  e.g.,  the  occipital  gyri  or  annectant  convolution  {B.  Lewis).  The  very  large  pyra- 
midal cells  ore  absent,  while  the  granule  layer  exists  as  a  well-marked  layer  between  the  layer  of 
large  pvraini<Ul  celU  and  the  ganglion  cell  layer  (Fig.  475)0 

[Fuchs  finds  that  there  are  no  medallaied  fibres  dther  in  the  cortex  or  medulla  until  the  end  of 
the  finu  month  of  life.     The  medullated  ftbres  appear  in  the  appcrmost  layer  at   the   fifth  month, 
and  in  the  second  at  the  end  of  the 
first  year,  the   radial   bundles   in   the 
deeper   luyrr»    at   the    second    month. 

The  medulhied  hbres   increase  until  ^  1^ 

the  seventh  or  eighth  year,  when  ibcy 
have  the  same  arrangement  as  in  the 
adult.] 

[Blood  Vessels. — The  adventitia 
of  the  small  cerebral  vessels  contains 
pigment  and  granular  cells,  tilted  with 
oil  granules.      In  the  newborn  child 

the  blood  vessels  of  the  brain  are  beset 

with  cells,  6llrd  with   fatty  granules.     /■- •^SS3^B^^'k^ro\|^\\  \\IH^BHil^^  WBP^U. 

Perhaps   the   granules  supply    part   of  ^^     ^^*«^      *ilt  \\W\  aU  l^M^^BK 

the  material  lor  the  formation  of  the 

myelin    sheath    od    the     nerve     litircs. 

About  the  bfih  year  the  fat  i<  rcpla'ed 

byayellow  pigment-     In  a-lulls, yellow 

or  brown   glancing  pigment  granules 

are    found    i'l   the  adventitia    <'f   the 

arteries.    In  the  adventitia  of  the  veins 

there  is  no  pigment,  Intl  generally  sonie 

fst.     The  gray  matter  is  much  motv 

vascular    than    the    w  liilc.   and    when 

injected,  a  action  of  a  convolution  pre- 

seius  the  aijpearance  shown  in  Fig.  478. 

The  natntive  arteries  consist  of  (4) 

the  long  roedullary  arteries  ( 1 )  which 

pass  from  the  pia  mater  through  the 

gr.Ay  matter  intoihe central  white  ninUer 

i>r  centrum  nvnir.    They  nrr  terminal 

arteries,  and  <lo  not  communicsle  wiih 

each  other  In  their  cour^:  thus,  they 

••'r*p'y  independent  rR'iCulnra^ctt^;  nor 

do  ihey   anoftomosc  with  ony  of  the 

*teiv«  derived  fmm  the  ganglionic  system  of  blood  vessels;  12  to  15  of  them  are  seen  in  s  leetion 

^'^ 'convolution.     (<^)  The  snon  cortical  nutriltve  articles  (})  are  smaller  and  shorter  than  the 

"•"^iM'n^-      Although  some  of  them  enter  the  white  matter,  they  chiefly  supply  the  cortei.  where 


t-^. 


1. 1.  tne«liillary  artrttM.  4ntl  1',  t",  in  srvup*  Ijclwccn  tlw  e»itvtjlti- 
lkin«.  a.  a,  arlvrics  oflhc  t.mlca  cerebri ,  n,  lMrse-mc»h«<]  plcjiua 
in  fint  \mynt ;  ^,  closer  plevm  In  middle  Uy«r .  c,  opener  plc^y« 
ill  the  fr%y  niAtUt  (Mit  ih«  while  ^uImUDcc,  with  lu  veMcU  (•/)- 
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(hey  fonn  an  open-meihecl  pleitu  in  ihe  flfit  Ityer  (a),  while  in  the  next  l^er  (>)  the  plekw 
of  capillaries  is  dense,  the  plexus  again  being  wider  in  the  inner  tayen  (r).] 

[Central  or  Ganglionic  Arteries. — I'Vom  the  trunks  constituting  the  circle  of  Willb  {f^  tt 
$  381),  tn'ancbei  are  given  0^,  which  poM  upward  and  enter  the  brain  to  supply  the  basal  p^A^H 
wiLh  biiKH).     They  arc  arran[rcd  in  several  groups,  hut  they  arc  all  lermlnal,  each  one   innJ|iij^B 
own  arcA,  nor  do  they  anastomose  with  the  arteries  of  tlie  ctirlex.]  ^^H 

Cerebral  Arteries. — l''rom  a  practical  )x)int  of  view,  the  distnbutton  of  the  blood  vcsseltof  die 
brain  is  mi|>urlanL     Tlic  artery  of  the  Sylvian  B$!iare  supplies  the  motor  areas  of  the  brain  tn  animiJi'. 
in  man.  the  precentral  lohule  is  supplied  by  a  branch  of  the  ametior   cerebral   anery     ;  ^ 
The  rc}!iDn  of  Lhc  tliird  left  frontal  cuuvolution,  which  is  conneacd  with  the  fuactioa  of  \\-    • 
supplied  by  a  siwcial  branch  of  the  Sylvian  artery.     Tliose  areas  of  the  frontal  lobes  wboK  uipj 
results  m  disturbance  of  the  intelligence,  are  supplied  by  the  anterior  cerebral  ulcry.     Tllo»et«|poat 
of  the  cortex  cerebri,  whose  injury,  according  to  Kerrier,  causes  hemianxstbeiia,  are  supplied  by  t 
posterior  cerebral  artery. 

Via.  479. 


X 


K, 


V 


0, 


Lett  9lilc  of  Ihr  huTnan  hrain  (diiifniminxtic).     F,  TrontKl :  V,  pjirlcla);  O,  occlpiul :  T,  llim 

S,  fistiirc  of  Sylvius:    S'.  honontnl,  S",  aiccndine  rainui  uf  S.   c.  futcut  centralis, or  Ahum  af  j 

n^cctiiJins  Troninl,  and  R,  a'.ccndlag  parieul  cunvriTuikm :  Fi,  tufjencr,  F,,  middle.  iii>d  F^  faienarL—^ 

luiiuiiK;  /i,  superior,  anil./],  inrerior  fronul  fiMurci;  /■,  Huku^  prxcentn1i»  :    P   -  -  etal  kMl;  N 

inferior  pnricul  lohiilr.  i-pni«iitiine  vi  Pj.  mipm  mnmiinl  gyrut.  nnii  Pf.  anruUr  g\  ^  mufpinttl^ 

cm,  iermina,ilon  of  catlcMto-tnsrginal  fi«iiiire  ;   Oj,  nr«l,  Os  second,  Ot,  thiril  ocrifiii  i'  '  '**',  ^,  V^^ 

occipital  fidsuro;  #,  tniiuvcrvc  occiplMl  fiMitrc;  P),  inferior  lonfiludinal  occipital  fu*titc  ,   I'|,  &ibI,  T»W^^ 
T|,  third  lemporu-tphcnotdal  convolutions  ;  f^,  first,  t^.  Kcuntl  icmporo'aphcnoidal  ftMuna, 

[In  connection  with  the  localijrnlion  of  llie  ct-nlrts  in  the  cortex,  it  is  important  to  be  thorOmWr 
acquainted  with  the  arrangement  of  the  cerebral  convolutions.  Each  half  of  iheouter  cervul 
ituiface  i^  divided  by  certain  fissures  iiiio  Bve  lobes — frontal,  parietal,  occipital,  tcmpoio* 
sphenoidal,  nnd  central,  nr  island  of  Reil  (l-'iir.  481 ).  The  frontal  lobe  (Fig.  479I  conuo^ 
three  coiivolutioiis.  with  numer>>us  secondary  folds  running  nearly  horinTntal,  named  SMpcnor  (F.). 
middle  (F,),  and  inferior  (F,)  frontal  convolutions.  Behind  these  is  a  large  cobvolatloa,  lU 
a:sccndi[ig  Iruiilal  ^A),  which  ascends  almost  vertically,  immediately  behind  ihei-e — srpaiKcd  ftw 
them,  however,  by  the  precentral  fissure  (/,),  and  mapped  off  behind  by  the  fissure  of^ Rolaodo, rt 
the  central  sulcus  fc).] 

[The  parietal  lobe  (Fig.  479,  P)  is  limited  in  front  by  the  6»iure  of  Rolnndo,  l»e)ow  in  pait  If 
the  Sylvian  Bssure,  iin<l  .twhind  by  the  parieto -occipital  fiMure.  (t  otiuisti  uf  the  ascending  paislil 
(|x»tetior  central)  convolution  \  I-'ig.  479,  H),  which  ascend-^  just  tiehind  the  lissurr  of  Rolanaa,0J 
parallel  to  the  ascending  fmntnl,  with  which  it  is  continuous  below ;  al)Ove,  it  becomes  cotilia«oM 
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*iih  the  superior  parietal  lolmie  (P,),  white  the  latter  u  separaied  from  ihe  inferior  ]>arictiil  lobule 
("//f  .'ottr/if")  by  Ihe  inter- parietal  sulcus.  The  inferior  parietal  Inbulc  coniiuts  of  («0  a  pari  arching 
over  ihe  upper  end  of  the  Sylvian  fissure,  the  supra- maipina!  convolution  (Pj),  which  is  continuous 
with  the  superior  lem|X)ro- sphenoidal  convolution.  Behind  is  (^)  the  aagulnr  gyrus  (I'j'),  which 
archet  round  (he  i:o!tleriur  end  uf  the  parallel  fissure,  and  becomes  connected  with  the  middle 
lemporo-ftphenotdal  convolution.] 

[The  temporo- sphenoidal  or  temporal  lobe  ( Hg.  479,  T)  cnnustfi  of  three  horizontal  convo- 
luuoas — superior,  middle,  and  inferior — the  two  former  being  separated  by  the  parallel  sulcus,  while 
the  whole  lobe  U  mapped  off  from  the  frontal  by  the  Sylvian  fissure  (Sj.] 

[The  occipital  lobe  (Fig.  479,  O)  is  small,  forms  the  nsunded  posterior  end  of  the  cerebrum,  and 
i»  separated  from  the  parietal  lobe  by  ihe  parieto  occipital  fissure,  which  fissure  is  bridged  over  at 
ibe  lower  iwirt  by  the  fnur  annectant  gyri  (f/is  Hf  paiiage  of  Gratiolet).  It  has  three  convolutions — 
superior  (O,),  middle  (O,),  and  inferior  (O,) — on  its  outer  surface.] 

[The  central  lobe  vr  island  of  Reil,  consists  of  five  or  six  short,  btraight  convolutions  (gyri 
operti — Fig.  481),  radiating  outward  and  backward  from  near  the  anterior  perforated  sjkjI,  and  can 
only  be  seen  when  the  margins  of  the  Sylvian  fiisure  are  pulled  asunder.  The  operculum,  con- 
sisting of  Ihe  exlrcmilicRof  the  inferior  frontal,  ahcending  parietal,  and  frontal  convolution*,  lit;  outside 
it,  cover  it,  and  conceal  it  ftom  view.] 

Fic  480. 


I 


Median  Mpeci  nl   (he  r>Kht  hemiiphcre.     CC,  corpui  c^llusutn  divided  longitudlnKlly  :  Cl,  gynu  roriilcitus ;  H, 

convolution  :  <-,  Ivitninul  Dvrtion  ul  fissure  of  Ruiando  :  A.  ntcending  fronlitl :  B,  BSccodiiiK  paricUl  cuav»lutJon 
and  paracenu.ti  lubule;  f",',  piccunetu  cr  >]it:idr;ite  lobule;  Ox,  ctineiiSi  Po,  parietu.-occipUAl  fis»ur« :  o\,  intns- 
verve  ocnpiud  fU^urc ;  at,  caic;irinc  fusurc :  or',  tuperior,  iv",  inferior  ramus  af  the  &anie :  D,  cynii  desccndent ; 
T4.  gynu  occiptlo-UoipontlU  laterAlis  (lobulus  fufiforuiis] ;  T|,  gyrus  occlpl  10 -tempo rail*  mcdiulu  (lobulu» 
llnKiKUts). 

[On  the  inner  or  Tnesial  surface  of  the  cerefarum  are—the  gyrus  fbrnicatus  (Fig.  480,  Gf),  or 
convolution  of  the  corpus  collosuni,  which  runs  parallel  to  and  bends  round  the  anterior  and  ^xfstcrior 
exttcmtties  of  the  corpttscnllosum,  terminating  [H»teriotly  in  the  qyrus  iincinatusor  gyrus  hippocampi 
(Fig.  480,  H),  and  ending  anteriorly  in  a  crooked  extremity,  ine  subiculum  comu  ammonis  (Fig. 
480,  U).  AlKJve  ii  is  the  callo.so-marginal  fissure  (Fig.  4S0,  cni),  and  running  parallel  to  it  is  the 
margpnal  convolution  (Fig.  480],  which  lies  between  the  latter  fi.ssure  and  the  margin  of  the 
longitudinal  lissure  ;  it  is,  however,  merely  the  mesial  aspect  of  ihe  frontal  and  parietal  convolutions. 
The  quadrate  lobule  or  preecuneus  lies  (Kig,  480,  Pi),  between  the  |>ois(crior  cxtTcuiity  uf  the 
caUtAO-margiiuU  liwurc  nnd  llic  parietooccipital  fissure;  it  is  merely  ihe  mesial  aspect  of  the  ascending 
parietal  convolution.  The  panel o-occipital  tissure  terminates  below  in  the  calcarine  6ssurc  (Ftg. 
480,  p(),  and  the  latter  runs  backward  in  the  occipital  lobe  dividing  it  Into  two  branches,  0%*,  ««■". 
Between  the  paiiciu-occipital  and  calcarine  fissures  lie»  the  wedge-shaped  lobule  termed  the  cuneus 
( Fig.  480,  Oz|.  The  calctirine  fissure  indicates  on  the  surface  the  position  of  the  caUar  avis  or 
hippocampus  minor,  in  the  posterior  cornu  of  the  lateral  ventricle.  The  dentate  fissure  or 
itt/cus  hippotam^i  [Fig.  480,  h\  marks  the  position  of  the  elevation  of  the  hippocampus  major,  or 
comu  amiDonis,  in  toe  lateral  ventricle.  The  temporo>spbenoidal  Lobe  terminaics  anteriorly  in 
the  uncinate  gyrus,  while,  running  along  the  former  and  the  occipital  lobes,  is  the  collateml 
fissure  (occipito -temporal  sulcus),  which  marks  the  position  of  the  emtncntia  collateralis  in  the 
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descending  corou  of  the  latent  ventricle,  wlUle  it  bIi»  separates  the  tuptfior  from  the 

lemporo  occipiliil  convolutions  (T^  imd  Tj).] 

Motor  Centres. — In  1870  Fritsch  and  Hiuig  discovered  a  scries  of  cir 
scrilx^d  regions  on  the  surface  of  the  cerebral  convolutions,  whose  stimulation  by 
nieans  of  electricity  causes   coordinated  movements   in  quite  distinct  groups 
muscles  of  the  opposite  side  of  the  body  (Fig.  483,  I,  II). 

Methods — Stiixiulation. — The  surface  of  the  cerebnim  is  exposed  tn  an  ininifi)  (dog.  1 
liy  removing  a  ;viTt  of  tlic  s>kull  covering  the  &o-Cftlled  motor  convolutions  and  diviiling  tbe  din 
aintcr.  \\1icn  the  convoluiinns  arc  fully  exposed,*  pair  of  blunt  non-polArixable  \\  32S)  seedle 
electrodes  aie  appUed,  ne&r  euch  other,  (0  vnribus  parts  of  the  cerefan.1  surface.  We  may  employ  the 
closing  or  opening  shock  of  a  constant  current,  or  the  constant  carrent  may  be  rapidly  intem^Had, 
ibc  current  being  of  such  a  <>treDgth  as  to  be  distinctly  perceived  when  it  is  applied  to  the  tipcn  the 
tongue  [^Fritich  ami  Hitzi^).  i>r,  the  induced  current  may  l>c  used,  al&u  of  such  a  strcngib  thai 
It  is  readily  felt  when  apf>lied  to  the  tip  of  the  tongue  ^ferrUr^  1873).  '^^  cerebnim  is  oomplcldy 
insensible  lo  severe  optralions  made  upon  U. 

The  areas  of  the  cerebral  cortex  whose  stimulation  discharges  the  characteristic 
movements,  are  regarded  by  some  as  aetuai  centres^  because  the  reaction  time  after 
stimulation  of  the  centres  and  the  duration  of  the  muscular  contraction  arc  longer 
than  when  the  sub-cortical  fibres  which  lead  toward  the  deeper  parts  of  the  brain 
are  stimulated.  Another  circumstance  favoring  this  view  is,  that  the  excitability 
of  these  areas  is  influenced  by  the  stimulation  of  afferent  nerves  (^Bubnoff  emi 
Heitlenhaifi).  It  may  be  that  these  centres  are  acted  upon  by  voluntary  impulsd 
in  the  execution  of  voluntary  movements.  Hence,  they  have  been  called  "/(T* 
chomotor  centres,*'  [At  any  rate,  these  areas  have  a  definite  relation  to  certain 
motor  acts,  and  perhaps  it  is  well  to  speak  of  them  as  "areas  of  representation" 

of  the  fimction  to  which  they  arc  related.] 
The  motor  areas  of  the  cerebrum  (dog,  cal. 
sheep)  are  characterized  by  the  presence  of 
specially  large  pyramidal  cells  (^Betz,  Mem- 
Utvsky^  Bevan  Lewis)  \  while  similar  cells 
were  found  by  Obcrsteiner  in  the  areas  inarknl 
4  and  S  f  lig.  483),  and  Betz  found  them  in 
the  ascending  frontal  convolution  of  man,  in 
the  third  frontal  convolution,  and  in  the  island 
of  Reil.  O.  Soltmann  found  that  stimuUtioe 
of  the  motor  areas  in  newly-born  aninub 
is  without  result,  while  only  the  deeper  fibre 
of  the  corona  mdiala  arc  excitable. 

Modifying  Conditions. —  In  the  condition  of  ^ 
narcoHs  produced  by  chlorofiirm,  ether,  cliloral,  aKfJ^tw. 
or  in  apnwfl,  the  excitability  of  the  centres  ts  atajtliM 
\S(kiff)^  while  ihe  subcortical  conducting  pi^  ^ 
retain  their  cuciiability  {Buknoff  unj  iiad*nk^\ 
Small  do^s  of  thcK  jioi^ns  and  aUo  of  alropD  U  6m 
increase  the  excitability  of  the  centres.  Moderate  1m 
of  l)lood  excites  ihcm,  while  a  git-al  loss  of  bl'XMl  diao 
ishes  and  then  aboliFhcK  tne  excitability  y.\fmnk  mii 
Orifhomiv).  Slight  inflammation  increasei,  •Wk 
cooling  dimini-hes.  the  exciiaUlity.  If  the  oorto 
cerebri  be  removed  in  animals,  the  excitaliiliiy  of  iW 
filires  of  the  corooa  ratUata  is  completely  abotnM 
about  the  fourth  doy,  just  as  in  the  case  of  a  pcraAr*^ 
OrWial  .urfe«  of  the  left  fronul  lobe  and  tlic  wparatwl    from    its    centre   [.■f/ierfamt,  Pltff^ 

ulxnd  of  Reii,  Ihc  lip  of  lilt  l»mporo-»pSe-      ,..',/.■,       v  ~r~r~ 

noldttl  lobe  wfnovcd  lo  show  tb«  blt<r,      17.     i'^amk  >tni/  /•t/rei). 

convolution  ni  ihc-  rnarRin of  (tie  intiKiiiiriirutl       Stimulation  of  Sub-cortlcal  Paits. — Atthrvsn 

fi**ure ;  ( I.  olf^t'Ky  fi*,«fr.  with  (he  t»lfoctcry       f  ,j,p  cnrona  radiaia  converge  toward  the  cemrc  of  *« 
lobe  rvniiivct] ,  I K.  in-raclialc  ftwure ;   1"  and     ...  ■     .  -j      .    .1.   ?      o  ■     f  .t^  .«- 

I'^.c^nvoliHiomon  thr  ..rt.i(..|  .i.rf^ce ;  i.i.  heiiuspherc.  «  u  evident  thai.  aRcr  removal  of  the  ew 

t,  I,  under  surface  o(  the  inrciu-froiiiat  convo-  |ex.  Stimulation  of  ihesc  fibre>  in  the  decpef  paiuofia' 

lu(ioti;   I    lifider  «.r&cc  of  ibe  »«et.dmi:  hemisphere  IS  folhwed  by  the  Mme  BWor  fwdl»(f^ 

luiioov  C,«ntr»l  lobe  or  iiUoi  atsi/  hekhard).     Tlie  stimului  u  a(^dicd  xaa4f  *  • 
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deeper  pan  of  the  motor  path.  Jf  the  stimulus  be  applied  Id  parts  lituated  iitiU  more  deeply,  a^  for 
example  to  the  tnifmal  iapm/e,  gencfal  contraction  of  ihc  muscles  on  (he  opposite  side  \s  the  reault. 
Time  Relations  of  the  Stimulation. — According  lo  Franck  and  I'itrcs,  the  time  which 
elapses  belwt^elI  the  moment  of  stiiuutalion  of  the  cortex  and  the  resulting  movement,  after  di^ducting 
the  period  of  latent  $limtiIation  for  the  muscles,  and  the  lime  necessary  for  the  conduction  of  the 
impulse  through  the  cord  and  nerves  of  ilic  exircmitieji,  is  0.045  -'M^cond.  Ilcidenhain  and  BuboofT 
found  thatt  during  moderate  morphia  narcosis,  when  the  stimulaiinf;  current  wa>t  tucreased  in 
strength,  the  muscular  contraction  and  the  reaction  time  iMrCame  shorter.  After  removal  of  the 
cortex,  the  occurrence  of  the  muncular  contrnciion  from  ihe  moment  of  stimulation  of  the  while 
matter  if  diminiRhed  %  to  '^.  The  form  of  the  muscular  conijaction  is  longer  and  more  e\l<uded 
when  the  cortex,  than  when  the  soh-coitical  paths,  are  Mimulnted.  If  ihe  animal  (dog)  be  in  a  state 
of  high  reflex  e>cil.ibi)ily,  Ihc^e  differences  disappear;  in  both  cases  the  contraction  follow*  ver^- 
rapidly  {^Buhnoff  and  //eiJenhain).     If  the  stiniuluH  tw  very  <itrong  the  muscles  of  the  tame  side 
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Vtew  of  the  braia  from  above  (•emi^iagrvmmHtic).    S,,  end  of  nmus  of  ibc  Sylvian  fi*»ur«.     Thr  olher  letters 

refer  lo  th«  kame  piirU  ju  in  Fig.  479, 

may  contract,  but  somewhat  fnler  than  ihofie  of  the  opposite  ride.     If  the  motor  areas  for  the  fore 
and  hind  limits  U-  stimulated  5iniuUnncoii«ly,  the  lattrr  contract  somewhat  after  the  former. 

Number  of  Stimuli. — If  40  stimuli  ]>cr  sccmid  Ijc  applied  lo  a  motor  area,  then  the  corre- 
sponding muscles  yield  40  single  contractions  ;  while  with  46  single  stimuli  per  second  there  results 
a  continued  complete  conlraction  {/•'ranek  and  Pitres).  In  one  and  the  Fame  animal,  the  same  Hum- 
bfr  of  itimuii  is  required  lo  produce  a  coniinuous  conlraciion,  whether  the  cortical  ccnire,  the  motor 
nerve,  or  even  the  muscle  it-«elf  be  sLimulateil.  With  very  feeble  stimuli,  sunamation  of  stimuli 
takes  place,  for  the  muscular  contraction  only  begins  after  seveml  ineffective  stimuli  have  l>een 
applied.  [[I  is  generally  held  that  the  rhythm  of  a  contracting  muscle  is  the  some  ns  the  rhythm  of 
the  stimuli  applied  to  \\s  motor  nervt;,  hut  Schfirer  nn<l  Horstey  contend  that  this  holds  good  for  raits 
of  stimuli  to  about  to  or  iz  per  second.  They  fmd  that  the  same  is  true  for  the  cortex  cerebri. 
corona  radiata,  and  medulla  spinalis,  vie.,  that  the  muscular  respoDse  docs  not  vary  with  the  rhythm 
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(i.r,  number  of  itimuli  per  wc),  but  that  the  rhTlhin  b  constant — about  lo  pcricc. — and  kn 
pendent  of  ilic  Dumber  of  stimuli  per  sec.,  provided  ihry  are  above  lo  per  scc-  apfkfieil  lo  ih 

KrtA.     Indeed,  all  voluntary  coutractioo»  show  a  similar  rate  of  unduUtioo  in  the  muKle  c 
rhap&  the  rhythm  of  ibc  cfTerent  impulses  is  moditied  in  the  moior  nenrc  crIU  of  the  s|iinal 

[The  matter,  as  regards  electrical  stimulation  of  the  cortex  cerebri,  resolves  ittdf 
into  this,  that  stimulation  of  certain  cortical  areas  always  causes  contraction  in 
definite  muscles  or  groups  of  muscles,  resulting  in  definite  coordinated  movcmentj 
on  the  opposite  side  of  the  body;  the  areas  have  been  called  •'  motor  areas." 
They  have  been  mapped  out  and  ascertained  in  a  large  number  of  animaU,  and 
the  question  comes  to  be,  Are  there  similar  areas  in  man?] 

Primary  Fissures  and  Convolutions  of  the  Dog's  Brain. — 'Itie /trr/ViVrw  of  the  mocor  centra 
in  the  dog's  brain  Ik  indicated  in  V\^.  4SJ,  I  and  11.  The  dog's  brain  if  marked  by  twxi  "  primary 
fiJtsurcs,'*  viz.,  the  sulcus  cruciatus  (S),  which  intersects  the  longitudinal  fissure  at  a  right  angle  m 
the  junction  of  its  anterior  with  it«  middle  third.  This  fiiuturc  has  been  called  the  auIcu^  rrontatu,  or 
the  tissura  curonalis.  The  second  primary  Rssure  is  the  foBsa  Sylvti  (F).  Four '*  primary  coa. 
volutions,"  in  addition,  are  arrttn|;ed  with  reference  lo  these  primary  fiasores.  The  tirai  primuy 
convolution  (I),  in  the  form  of  a  sharply  curved  knee,  embraces  the  fossa  Sylvii  (F).  1'be  iccv«d 
convolution  (II)  runs  nearly  parallel  lo  the  lirBt.  The  fourth  primary  convolution  I  (V)  bounabtbt 
longitudinal  tinure,  and  is  separated  from  its  fellow  of  the  opposite  side  1^  the  (ah  cerebri  \  antcriedy 
it  embraces  Ihe  sulcus  cruciaius  (S^,  so  that  it  is  divided  into  iwo  parts,  by  this  sulctu,  a  pArt,  ibe  0tia 
precruciatus  or  jmefrontatis,  lying  in  front  of  the  sulcus,  and  the  g>Tus  posicruciatus  (postfroDtilit) 
tying  behind  it.  The  third  primary  convolution  (III)  runs  parallel  lo  the  fourth,  bome  auihan 
count  the  convolutions  from  vhc  longitudinal  fissure  outvrard.  la  Fig.  48.I,  I  and  II.  ihe  ■mCw 
areai  or  efntrtj  are  indicated  tiy  dots  on  the  individual  primary  convolutions.  Wc  must  rcsncBatter, 
however,  that  the  centres  are  nol  mere  points,  but  thnt  they  vary  in  si/c  frum  that  of  a  pea  upward, 
according  lo  thesiie  of  ihc  aninuU.  Motor  areas  have  been  mapped  out  in  the  tirjiin  ofihe  moottn, 
rabbit,  rat,  bird,  and  frog. 

Position  of  the  Motor  Centres  (Dog). — Fritsch  and  Hitxig,  In  1870.  napped  out  the  follow- 
ing motor  areas,  whose  position  may  \tc  readily  found  on  referring  to  Fig.  4S3 :      1,  is  the  centre  for 
the  muuUs  of  Ike  ntik;  2,  for  ibe  extensors  and  acldudOTs  of  the  /orf  /imt;  3,  for  the  flrxMn  asd 
rotation  of  the  fore  kg;  4.  for  the  movcmems  of  the  Aimf  /imfi,  which  I.uciani  and  Tambonni 
resolved  into  two  antagonistic  centres;  5,  fur  the  miucia  of  tht  fate,  or  the  facial  centre.     In  1S7J 
Fcrricr  discovered  the  following  additional   centres:  6,  for  the  lateral  switching  movemoktsirf  tbi 
tail.   7,  for  the  retraction  and  abduction  of  the  fore  limb;  8,  for  the  elevation  of  the  shoalderiatf 
extension  of  the  fore  limb,  as  in  walking;  the  area  marked  Q,  9,  9,  controls  the  movcmeocs  of  dw 
orhiculnris  pa]]>etirnrun),  and  of  Ihe  zygomaticus  (closure  of  the  cydids),  together  with  the  opwW 
movement  of  the  cycbnll  and  narrowing  of  the  pupil.     Stimulation  of  the  arras  a,  a  (  Fig.  II)  is  (A 
lowed  by  retraction  and  elevation  of  the  angle  of  the  mouth,  with  partial  opening  of  the  moutii :  A  K 
Fenier  observed  opening  of  the  mouth  with  prutru.sion  and  retraction  of  the  tongue,  while  the  dg| 
not  unfrequently  howled.    He  called  this  centre  the  '*  oral  erttlre."    Slimulolion  of  <- »-  causes  rrtnc- 
Uon  of  the  angle  of  the  mouth,  owing  to  the  action  of  the  platytnia,  white  .^  causes  clevauoo  of  ibe 
angle  of  the  month  and  of  une-half  uf  the  face,  until  the  eye  may  be  closed,  just  as  in  9,    SliaiBUlka 
of  d  is  followed  by  opening  of  the  eye  and  dilatation  of  the  pupil,  while  the  eyes  and  head  are  twanl 
toward  the  other  side.     According  to  H.  Munk,  the  prefrontal  region  has  an  influence  ni<oa  tlkeitti' 
lude  of  the  body  (?).     The  perineal  muscles  contract  when  the  gyrus  posicruciatus  is  stiotslatai 
Stimulation  of  the  gyrui  pnccruciatus  on  its  anterior  and  sloping  aspect  causes  loovaneDls  is  ik 
[larynx  and  larynx. 

The  position  of  the  individual  motor  areas  may  vary  somewhat,  and  they  mil 
be  slightly  different  on  the  two  sides  {Lua'ani  and  Tamhurini). 

Strong  Stimuli. — If  the  stimulation  be  %ery  strong,  not  only  the  muscles 
the  opposite  side,  but  ihose  on  the  same  side,  may  contract.  These  latter  mo» 
ments  belong  to  the  class  of  associated  movements,  and  are  due  to  conductio 
through  commissural  fibres.  Those  muscles,  which  usually  (muscles  of  masttcatioaj 
or  always  (muscles  of  eye,  larynx,  and  face)  act  together,  appear  to  have  a  cat 
not  only  in  the  opposite  but  also  in  the  hemisphere  of  the  same  side  (f 
[AH  observers  have  found  that  .stimulation  of  the  facial  centre  cAuses  identiol 
(associated)  movements  on  both  sides  of  the  face,  so  that  both  side*  of  ihe  bet 
seem  to  be  represented  in  each  hemisphere.  Schiifer  and  Horsley's  cxpcmnenti 
make  it  very  probable  that  some  other  muscles,  e.g.,  some  of  the  trunk  mmctes, 
pectorals,  and  recti  abdominis,  are  represented  bilaterally  in   the  heroisphcfCi. 


1,  Cer«t<niin  of  the  dor  (rom  above:  II,  (root  ihe  tide:  I.  tl.  Ill,  IV'.  the  four  primary  convolutlaui,— S,  tukm 
cruci»iuB*   r,  SyMan  foiia ,-  »,  oiraciory  lobe;  /.optic  nerve;  i,  motor  area  for  the  mixcles  of  the  neck;  «, 
extcBton  Mid  abducton  of  ihc  fore  Ittnb ;  j,  flcKorit  and   raiatort  of  iHc  fore  Jimb;  4,  the  miiscic*  oi  ihe  hind 
limb;  *,,  tlie  6ic'ul  muutoh :  A.  lateral  twitchliiji  tuovemrniv  nf  the  i.-ii) ;  7.  tctraclian  and  abduciion  of  ihc  fore 
^Uoib:    8,  cicvailen  of  the  thoulJer  and  CKlcnuion  of  fore  limb  (movemenU  a>  in   walking):    9,  0,  ufhiciilaris 
BJpebnrum,  lysomalicu*.  closure  of  the  eveltik.     Il,«,  <i,  rclraciJon  am)  elevation  of  the  angle  *:i  the  tnutith; 
,  open) till  of  the  inotilh  and  movemenit  of  the  oral  cemre;  r.  r,  nUiYMna;  •/.  opening  of  thf  eye  ;   I,  /,  iheinic 
ra,  according  to  Eulenburg  and   LAndoi>.     Ill,  Lcrcbnim  ci  the    rabbit  from  above .   IV,  cerebrum  of  lh« 
,  bD  from  above :  V,  ccTebnim  of  the  froc  from  above ;  VI,  cercbrutn  of  the  carp  from  above  (in  all  ihoic  o  is 
>  olbetory  lobe  ;  t, cerebrum:  7, optic  lobe;  3,  cerebellum;  4,  mcdidla  uhloaKata). 

Mechanical  stimulation,  e.g.,  scraping  the  motor  areas  for  the  limbs,  pro- 
duces movemeins  in  these  parts  {Zua'ant). 

Cerebral  Epilepsy. — It  is  of  great  practical  diagnostic  importance  to  ascertain 
if  stimulation  of  the  motor  areas  in  man,  due  to  local  diseases  (inflammatioD, 


746 


EKFECr  OK   STIMULI    ON    THE    MOTOR   CENTRES. 


turaors,  softening,  degenerative  irritation),  causes  movements.  [Hugh 
Jackson  has  shown  that  local  diseases  of  the  cortex  may  cattse  sitasmodic  contru- 
tions  in  certain  groups  of  muscles,  a  condition  known  as  "Jacksonian  Epilepsy," 
and  he  explains  in  this  way  the  occurrence  of  unilateral  local  epileptiform  spasms, 
which  were  observed  by  Ferrier  and  I^ndois  to  occur  after  inflammatory  irritation.] 
Luciani  obser\'ed  these  spasms  in  dogs,  and  sometimes  Ihey  were  so  violent  and 
general  as  to  constitute  an  attack  of  epilepsy.  This  condition  became  berediu 
and  the  animals  ultimately  died  from  epilepsy  (§  373).  According  to  Eckhd 
epileptic  attacks  are  never  produced  by  stimulation  of  the  surface  of  the  postcriq 
convolutions. 

Strong  stimuUiion  of  the  nwlor  regions  may  give  ri»c  in  dc^  to  a  complefe  gcncril  coaruttji 
epileptic  attack,  which  usually  b^ins  with  cuDtractions  of  the  gTou{»  of  uiusclc^  »j>cct4lly  rrUdi 
to  the  stimuhted  centre  {/''errur,  EtiUnlmri^  and  Lnndois,  Alhertom,  Ltut'ini amd  TarnhMnmiy^ 
then  often  posses  to  the  corresponding  limb  of  the  oppo&ite  side  (auociaied  mo^cmenu) ;  ana 
all  the  mu&cles  of  the  body  me  ihroMn  into  tonic  ami  then  into  clonic  spasms.  The  ujipotitr 
of  the  body  has  been  observed  to  pass  into  spasm  from  tielovr  upward,  after  the  conlraciiori)  wen 
developed  in  the  other  >ide.  The  spauiiodic  excitement  pa.s.<ic&  frooi  centre  lo  centre,  an  tntcrntcdiatfl 
motor  region  never  being  passed  over.  After  lhi.i  condition  has  once  been  produced,  the  »lightcd 
stimulotion  may  suflicc  lu  bring  on  a  new  epileptic  attack  {\  373).  I>oring  the  attack,  the  cerelnl 
circulation  is  occrlerated.  According  to  I'Arkhard  and  Danillo,  epileptic  miocks  cannot  t*  dischiiged 
from  the  po&ierior  pan  of  the  ccrcbium  by  nteans  of  weak  currents.  Siimalaiion  of  the  tub-cortical 
white  matter  cau^c'i  cpilcfny,  which,  h<iwev«r,  begins  in  the  muBcles  of  (he  t<tmf  Mde  {Bn^nof  ami 
J/fidenhaitt).  These  contractions  are  due  to  an  escape  of  the  eleclrica!  current,  which  thus  rcacfaei 
the  medulla  oblongata  (^  373)- 

If  certain  motor  areas  ore  extirpated^  the  epileptic  attack  is  alnent  from  the  miuclea  ooolralM 
by  these  aicas  |  Lunant\.  Separation  of  the  motor  conical  area  by  mcanii  of  a  boriionul  aectioa 
«^«frrii^  an  attack  cuts  short  the  latter  I  it/»Mi).  iKiring  an  e|iile]aic  attack  it  is  pouiblc  lo  esoac 
Ihe  motor  area  of  one  extremity,  cmd  thus  exclude  this  Uuib  from  the  attack  while  the  rr«  of  ilic 
body  ix  convulsed. 

Drugs. — The  continued  use  of  /tttastium  ircmide  prevents  (be  production  of  eptlepi^  on  aim\»- 
lating  the  cofticfll  areas. 

Chemical  Stimulation. — Substances  such  as  occur  in  urine.  <'.^.,  kreatinii 
kreatin,  acid  potassic  phosphate,  and  sediment  of  urates,  when  sprinkled  on  ihc 
motor  areas  of  the  dog,  cause  pronounced  eclampsic,  chmc  ionvuhions^  whirh 
recur  spontaneously,  and  arc  followed  by  deep  coma.  These  symptoms  are  like 
those  of  uTjemic  poisoning.  The  sensory  centres,  especially  that  for  vision,  seem 
also  to  be  affected  by  chemical  stimulation  {Landois). 

[Motor  Centres  in  the  Monkey. — Ferrier  has  mapped  out  a  large  nutnbcf 
of  centres  on  the  outer  surface  of  the  brain  in  the  monkey,  and  to  each  centre  he 
has  given  a  number.  These  numbers  have  been  transferred  lo  corresponding  roti- 
voltitions  on  the  human  brain,  numbered  accordingly.  These  areas  are  specialh 
distributed  on  the  convolutions  aroimd  the  fissure  of  Rolando,  including  in  i 
monkey,  the  posterior  extremities  of  the  posterior  and  middle  frontal  convolutio 
the  ascending  frontal,  ascending  parietal,  and  part  of  the  parietal  lobule.} 

[Fig.  484  represents  these  areas  transferred  to  the  corresponding  areas  in  man.  (I)  Oo 
superior  parietal  lobule  (advance  of  the  opposite  bind  limb,  as  in  walking).  (2),  (3'),  (4)  Arooikd 
the  upper  extremity  of  the  Assure  of  Rolando  (complex  movements  of  the  opposite  leg  and  arm,  aai 
of  Ihe  trunk,  as  in  swimming),  (a),  {b),  (/),  (^)  On  the  ascending  parietal  or  poatchor  cnlnl 
convolution  (individual  and  combined  movements  of  the  fingers  and  wrint  of  the  opposite  hHil 
or  prehensile  movements).  (5)  Posterior  end  of  the  superior  frontal  convoluiioit  (extension  fcmtil 
of  the  0]){x»ite  arm  and  hand).  (6)  Upper  port  uf  the  a&cending  frontal  or  anterior  cenlrd  coa- 
volution  (buptnotion  and  flexion  of  the  opposite  forearm).  (7)  Middle  of  the  same  onarotinn 
(retraction  and  elevation  of  the  opposite  angle  of  the  mouth).  (S)  .\i  the  lower  etKl  of  ifat  i^ 
convolution  iclcvalion  of  the  ali  nasi  and  upper  lip,  and  dejiresaion  of  the  lower  lip  oa  the  ufUMJH 
side).  (9),  (10)  Uroca's  convolution  {opening  of  the  mouth  with  protrusion  and  retraction  of  tb 
tongue — aphakic  region).  (11)  Between  10  and  the  Uirter  end  of  tlie  asccndiitg  parietal  coavulvtloa 
(retraction  of  the  opposite  angle  of  the  mouth,  the  head  tunis  toward  one  udr).  {13)  Pmtctior  fiait 
of  the  superior  and  middle  frontal  convolutions  (the  eyes  open  widely,  the  pupils  diljic.aiHl  the  bead 
and  eyr::^  turn  towurd  the  opposite  side).  (13),  (>3')  Supra>ra.-irginai  and  angular  gynu  (ibc  fjo 
move  toward  the  opposite  side,  and  upward  or  downward— centre  of  vision).     (K4)  Snpecior 
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poio-spbcDoidal  convolution  (prickini;  of  the  opposite  ear,  pupils  dilate,  and  the  head  and  eyes  turn 
(o  the  opposite  side — hearing  centre).] 

[Experiments  on  Monkeys. — Electrical  stimulation  of  the  anterior  part  of 
the  frontal  loljes  yields  negative  results  ;  but  behind  the  anterior  end  of  the  sagittal 
limb  of  the  precentral  sulcus,  there  are  lateral  movements  of  the  head  and  eyes. 
If  the  anterior  third  or  fourth  be  removed,  Schafcr  and  Horsley  ol)servcd  no  motor 
paralysis  nor  any  deficiency  of  general  or  special  sensibility.  Excitation  of  the 
external  surface  {motor  area)\&A.  Ferrier  to  map  out  the  areas  named  on  p.  744. 
Schafer  and  Horsley's  experimentii  agree  with  Ferrier's^  and  they  map  out  the 


Fig.  4S4. 
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THc  twain  with  the  chiH  ««nvolulii>n>  (after  EcktrX  S«e  «l»o  Figs.  498,  499  in  their  rcU^on  to  th«  kliuU.  The  num- 
bcn  I  to  14,  and  (he  letters  ■■  to  </,  indicntc  cortical  areai  (p.  746).  S,  Sylvian  fis»urc;  C,  ccDtral  kiilciu,  or 
5««are  of  Kobndo;  A,  interior,  and  II.  posterior  central  conrolulions  ;  F,,  upper,  F,,  middle,  and  Fj,  lowest 


frontal  convolution*  ;  /,^*iip«fior,  -ind/",,  iufrrir.r  fritnlal  fiwure;/,,  aniens  prtcfentrali* :   P,,  <iip|ei-ior,  P„  inle- 

ilh  P,  j^nis  supra-Tnarginalis  ;  i't'.gynu  aDgulnris  ;  r/,  lulcui  inter 
i^<iwBu-i»Mi|(ii»i  ■■■-lire  :  Oi.  0,,(>.,  occipital  convoltitions: /«,  paneto-occtpilal  li»«tir«  :   >!,  ■  ,,  i 
■phcnoidal  convolutiorta:  K^,  K,,  K,,  points  Id  th«  coronal  tuture;  4,,  4,,  in  the  lambdoidal  tuivirc. 


rior  paricUt  lobe,  wi,,,  .  ,  ^j.u. 
calloBo-marginal  Abjure :  Oi,0. 


terpari 


T*,  T„  leniporo- 


niotor  area  into  a  number  of  main  areas^  each  of  which  is  particularly  concerned 
with  the  movement  of  a  particular  part  or  limb,  and  in  some  of  which,  centres 
concerned  with  more  specialized  movements  may  be  marked  out.  The  arm  area 
is  roughly  triangular  (Fig.  485).  and  "occupies  most  of  the  upper  half  of  the 
ascending  parietal  and  ascending  frontal  gyri,  from  a  little  beneath  the  level  of  the 
sagittal  part  of  the  precentral  fissure  below,  nearly  10  the  margin  of  the  hemisphere 
above,  together  with  the  adjacent  [lart  of  the  frontal  lobe  below  the  small  antero- 
_  posterior  sulcus."  It  bends  round  and  is  continuous  with  a  part  of  the  marginal 
■    gyrus.     The  special  movements  of  the  arm  are  indicated  in  Fig.  485.] 
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[Tlie  face  area  gives  rise  not  only  to  movements  of  the  facial  rouscles,  but  a 
of  the  whole  of  the  upper  end  of  the  alitneniary  tube.     It  comprise*  the  whole  of 
the  surrounding  parietal  and  frontal  convolutions  below  the  arm  area,  down 
the  fissure  of  Sylvius,  and  including  the  external  surface  of  the  opercuhjin.J 

[The  head  area,  or  area  for  visual  direction,  comprises  jKirt  of  the  frontal  lol 
from  the  m.irgin  of  the  hemisphere  to  the  face  area.  In  front  it  is  bounded 
the  non-excitable  part  of  the  frontal  lobe.  Its  stimulation  gives  the  rcsi 
obtained  by  Ferrier  on  stimulating  his  No.  la  centre.  The  leg  area  is  ju:  ^ 
situate  on  the  mesial  surface,  but  it  extends  over  to  the  external  surface  from  the 
parieto-occipitai  fifvsure  nearly  to  the  level  of  the  anterior  end  of  the  small  sulcus 
marked  x.  The  trunk  area  scarcely  extends  over  the  margin  to  reach  the 
external  surface.] 

fSchafer  and  Horsley  have  extended  Ferrier's  researches,  and  shown  that  motor 
centres  exist  in  the  marginal  convolution  (Fig.  4S6),  which  is  excitable  only 
in  that  portion  corresponding  in  extent  (antero  posteriorly)  to  the  excitable 
jwrtion  of  the  outer  surface  of  the  hemisphere.  Anteriorly  it  reaches  forward  to 
a  liae  which  is  opposite  the  junction  of  the  posterior  and  middle  thirds  of  the 


Fig.  485- 
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Olii|[rain  of  lh«  motor  area>  oa  lh«  outer  tuHace  of  a 
mookcf's  brain  {Hmttj  and  Sett^f*^)' 


Dttgram  of  the  motor  arei^  oa  the  n«tc<nkl  <»Mifcf»* 
of  a  ngfikcy'*  bntat  {H»rtt^  »mdSdt4lir% 


superior  frontal  convolution  (centre  za),  while  posteriorly  it  extends  bacfcwatd 
opposite  to  the  [>arietal  lobule,  including  the  paracentral  lobule,  which  conliim 
large  mullijwlar  pyramidal  motor  cells.  'Ihe  rest  of  the  mesial  surface  is  excitablr 
They  find  that  the  centres  are  arranged  from  before  backward  in  the  follovin| 
order  :  (i)  Movements  of  the  head — this  area  is  wery  small,  and  belongs  to  ibe 
large  head  area  on  the  external  surface;  (a)  of  the  forearm  and  hand  ;  (3)  of  ihe 
arm  at  the  shoulder;  (4)  of  the  upper  dorsal  part  of  the  trunk;  (6)  of  the 
the  hip;  (7)  of  the  lower  leg  at  the  knee ;  (8)  of  the  foot  and  toes.] 


f  "•  ""^       I 
le  leg  «^l 


Excitation  of  the  Area  AS  produces  movemenu  of  the  arm  (Fir.  4S9).  These  raryi 
to  the  sjxit  slimulaicO.  but  l'jw.tr>.l  the  anteiior  part  of  the  arcn,  luovcDimts  of  ihc  wrist  and  I 
lowani  the  jmstcrior  part  mnvcmentft  of  the  arm  and  shouKler,  are  more  frcigurntty  the  te>uh  of  iW 
excitalion.  Excitation  of  Tr  produces  movftnenls  of  the  trunk,  generally  arclitn^  ni»d  roitfwa 
Th'tKc  movements  which  arc  called  furih  hy  s.timulnt(tig  the  anierior  fmrt  of  the  arm  are  usuaJljr  cm 
fined  10  the  upper  port  of  the  trunk  {thoracic  region),  and  arc  often  axMxintcd  with  morementi  of  the 
aliuutdcr  and  arm  ;  those  calle<l  forth  by  stimulating  the  poMcr  jor  pans  arc  movements  of  the  ahddOH 
naJ  and  pelvic  regions  and  of  the  tail,  and  arc  often  associatcfl  with  monrements  of  the  hip  md  lc(- 
Exalolion  of  the  area  L.  produces  movennenls  in  the  lower  limb.  Tliese  vary  according  10  the  p^R 
Himiilated,  extension  of  the  hip  being  especially  associated  with  exciiaiion  of  the  anterior  part  of  ik 
area,  and  contraction  of  ttie  hain^rings  with  excitation  of  the  middle  pm.] 
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[Do  similar  Centres  exist  in  Man  ? — The  results  of  clinical  and  lutho- 
logicat  investigations  show,  that  similar  although  not  absolutely  identical  areas 
exist  in  man.  The  motor  areas,  or  rhosc  which  have  a  special  relation  to  volun- 
tary motion  in  man,  exist  in  part  on  the  convolutions  bounding  the  fissure  of 
Rolando,  and  occupy  the  **  central  "  convolutions,  /.  e.,  the  ascending  frontal 
and  ascending  parietal  convolutions  along  with  the  superior  parietal  lobute,  and 
along  the  mesial  surface  of  the  hemisphere,  the  paracentral  lobule  and  precuneus 
(Fig.  4SS).  In  this  region,  the  upi)cr  third  of  the  ascending  frontal  and  parietal 
convolutions  along  with  the  superior  parietal  are  the  leg  area  (Fig.  488,  le^),  the 
middle  third  of  the  ascending  parietal  and  ascending  frontal  for  the  arm,  and 
the  upper  part  of  the  lowest  third  of  these  convolutions  for  the  face,  while  the 
very  lowest  [vart  of  the  ascending  frontal  convolution  is  the  area  for  the  move- 
ments of  the  lips  (L)  and  tongue  (T).  (Compare  Figs.  485,  490.)  Tl\e  last  area, 
with  the  posterior  extremity  of  the  third  left  frontal  convolution,  is  the  centre  for 
voluntary  speech.  We  cannot  say  whether  these  "  centres  **  are  sharply  mapped 
off  from  each  other.  In  any  case  a  very  strong  stimulation  of  one  centre  may 
involve  an  adjacent  area.  So  far  as  is  yet  known,  centres  Nos.  5  and  12,  as  rep- 
resented on  the  monkey's  brain — those  on  the  posterior  extremity  of  the  superior 
and  middle  frontal  convolutions, — (5)  for  extension  forward  of  the  arm  and  handf 
and  (12)  for  opening  the  eyes  and  turning  the  head  toward  the  opi>ositc  side  (as 
in  surprise),  are  not  represented  in  the  human  brain.  So  accurately  have  certain 
of  these  areas  been  located,  that  stirgeons,  in  suitable  cases,  have  been  able  to 
excise  a  tumor  causing  certain  symptoms,  with  relief  of  those  symptoms.] 

[We  may,  therefore,  assert  as  a  general  proposition  that  the  muscles  of  one 
Uteral  half  of  the  body  are  regulated  by  certain  areas  in  the  opposite  cerebral 
hemispheres.] 

[Gowen  mainuiru  that  the  motor  region  is  not  exclusively  motor,  but  that  destruction  oF  this 
area  also  leads  to  some  loss  of  setisauion.  Statr  nlso  asserts  that  perception*  occur  in  the  gray 
niatlcr  of  the  cortex  of  the  "  central  "  region  and  pnrielal  convoluiions,  ontl  thai  the  various  sensory 
areas  for  ibe  vorioiu  parts  of  the  t>ody  lie  about,  and  coincide  to  some  extent  MJih,  the  motor  various 
areas  for  limilar  parU,  t>ut  the  KDM>ry  area  is  more  extensive  than  the  motor  area,  cxtcndini; 
into  the  psrielal  behind  the  motor  area,  which  is  confined  to  the  oKendin}'  frontal  and  parietal 
convolations.J 

II.  Method  of  Destruction  or  Ablation  of  Parts  of  the  Cortex. — Muchconruston  in  this 
matter  has  ari^n  from  com[)ariti^  the  results  obtained  on  animals  of  difTerent  species.  [It  seems 
cjuite  certain  that  the  r»uU!«  oUained  in  the  dog  are  quite  different  from  those  in  the  m'jnkey.  The 
motor  arcn5  may  be  simply  excised  with  a  knife,  or  the  surface  of  the  brain  may  t>e  washed  away 
with  a  strt^am  of  water,  as  wa^  done  by  (k>ltz  in  dogs  ] 

[In  the  dog,  the  areas  which  arc  described  as  motor  may  be  removed  either Ijy  the  knife  yHtrmann) 
or  by  means  of  a  stream  of  water  so  directed  as  tu  wash  away  the  gray  matter  ((7<}//c).  In  both 
caMS,  although  there  was  some  paralysis  on  the  opposite  side  of  the  body,  this  was  hut  tcmponuy, 
for  the  paralysis  disappeared  within  o  few  day»,  the  animals  having  very  decided  control  over  iheir 
muscles,  although  (loliz  admits  that  certain  acts,  especially  those  which  the  di^s  had  been  trained 
to  execute,  f.^.,  giving  a  pnw,  were  executed  "  clumsily,"  indicating  some  failure  of  complete 
control,  which  Guhz  ascribed  to  loss  of  tactile  sensibility.  Goltz  thinks  that  the  extent  of  the 
injury  has  more  to  do  with  the  result  than  the  locality.  The  restoration  of  motion  was  not  due  to 
the  action  of  the  corresponding  centre  of  the  opposite  side,  as  destruction  of  this  centre,  attliough  it 
produced  the  usual  symptoms  on  the  side  which  tl  governed,  liad  no  elTcct  on  the  previous  result 
{^Canrille  ami  Dure/).] 

[In  the  monkey,  there  can  be  no  doubt,  from  the  experiments  of  Ferrier,  that 
destruction  of  a  motor  centre,  <r..f.,  that  for  the  arm,  results  \\\  prrmartertt  paraly- 
sis of  the  arm  of  the  opposite  side,  and  if  the  centres  for  the  arm  and  leg  are 
destroyed,  there  is  permanent  hemiplegia  of  the  opposite  side.  "  In  order  that 
the  hemiplegia  or  paraplegia  produced  by  cortical  ablation  shall  be  complete, 
it  is  necessary  to  include  the  part  of  the  marginal  gyrus  corresponding  in  longi- 
tudinal extent  to  the  excitable  areas  of  the  external  surface."  The  amount 
of  paralysis  produced  by  ablation  of  the  marginal  gyri  alone  is  as  great  as 
that  caused  by  removal  of  the  much   more  extensive  external  areas ;    but  the 


750 


EXTIRPATION    OF  THE    MOTOR   CENTRES. 


complexity  of  the  muscular  movements  which  are  governed   from    ibesc  uta 
is  much  greater  than  in  those  governed  from  the  marginal  gyrtss  {ScMS/er  anj 

[In  man,  records  of  destructive  lesions  of  the  motor  areas  in  whole  or  part 
have  now  iiccumutated  to  such  an  extent  as  to  leave  no  doubt,  that  if  there  be,  sa*, 
a  destructive  lesion  of  the  middle  third  of  the  cortex  of  the  ascending  frontal  and 
ascending  parietal  convolutions,  there  will  be  paralysis  of  the  arm  of  the  oppociie 
side  J  and  the  same  is  inie  for  the  other  centres.] 

[In  extirpation  or  ablation  of  the  motor  centres,  again,  much  confusion 
has  arisen  from  comparing  the  results  obtained  on  different  animals.  In  the  dog, 
there  is  no  permanent  motor  paralysis,  in  the  monkey  and  man  there  is.  The 
difference  is  this,  that  in  the  dog  the  lower  centres,  pcrhajjs  the  basal  ganglia,  irr 
able  to  subserve  the  execution  of  those  coordinated  movements  required  for  stand* 
ing,  progression,  etc.  As  we  proceed  higher  in  the  animal  scale,  the  motor  cor- 
tical centres  assume  more  and  more  of  the  functions  subserved  by  the  btal 
ganglia  in  lower  animals.  There  is,  as  it  were,  a  gradual  displacement  of  iDotor 
centres  to  the  cortical  region,  as  we  ascend  in  the  zoological  scale.] 

Differences  in  Animals. — 'Xhc  higher  the  development  of  the  intelligence  of  ■nimmU,  the  ncie 
have  their  movements  l^ccn  lenrnetl,  and  the  more  have  they  gradually  come  to  be  concrDDed  bf 
the  will;  in  (hem  the  dtsturbnncc  of  the  motor  phenomcns  becomes  more  pronounced  AAitpa- 
»i!ilent  after  destruction  of  the  cortical  psychomotor  centres.  While  m  the  lower  rertcinlc\ 
including  the  birds,  extirpation  of  the  whole  hemuphcre^  does  not  matenally  interfere  with  »>««- 
menis,  the  coordinated  reflex  movcmentii  being  suflicienl — in  dogs  occoKiiinaUy,  but  CKceptioaaQr. 
exiirj-JOiion  of  scvcrnl  motor  areas  produces  visible  pcrmaneoi  ditturbance  of  motor  acti — awl  ta 
monkeys  :uid  man  {\  37S),  the  paralytic  phenuiuena  may  be  interuc  and  pcrwtent. 

Acquired  Movements. — Among  the  movcmenlft  performed  by  men  are  many  which  havebcM 
acquired  after  much  practice,  and  bnve  been  subjected  to  voluntary  control,  e.g.,  the  moffencato of 
ihe  hands  for  many  mnmml  occupaiions.  AHer  a  lesion  of  certain  mntor  areas,  such  movcanats  srt 
reacquired  only  very  slowly  and  incompletely,  or  it  may  lie  not  at  all.  [The  interference  whb  tboe 
finer  acquired  movement)^  lionictimc!^  iKCnmes  very  marked  in  legions  of  the  motor  arrsa  protfocrd 
by  hemorrhage,  and  in  some  cases  of  hemiplegia.]  Those  movements,  however,  which  are,  M  it 
were,  innate  [or  as  they  arc  !iomelime9  termed  fundainental  in  op}iorition  to  acquired].  mhI  tK 
under  control  of  the  will  without  much  [>ractice — such  as  Ihe  ftvMxiated  movcrmcnts  of  (he  eyCT.do. 
some  of  those  of  the  limbii — arc  either  rapidly  restored  after  ihc  IcMon.  or  ihey  appear  to  suHer  bv 
slightly  after  a  Irtiun  of  the  ccrebml  cortex ;  the  facial  muscles  are  never  so  comjtlctely  paraltxed 
as  from  a  lesion  of  the  trunk  of  Ihe  facial  nerve ;  usually  the  eye  can  be  closed  in  the  former  cmc. 
The  movements  necessary  for  sucking  hove  been  performed  by  hemicqihalic  infanta. 

Theoretical. — llit/ig  nscnl>es  the  disturbance  of  movement,  attcr  the  removal  of  the  motor 
centres,  to  the  loss  of  the  '*  muicu/nr  smsibUity."  Schifl"  refer*  it  to  the  loss  of  tactile  trmihti^- 
According  to  Ferricr,  (he  tactile  and  sensory  impressions  are  not  appreciably  diminished  or  oltovd. 
The  descending  degeneration  of  the  pyramidal  tracts  in  the  lateral  columns,  aco:>rding  to  Sdntf. 
occurs  after  section  of  the  posterior  half  of  the  cervical  spinal  cord,  or  even  after  sectioo  of  ibc 
posterior  pan  of  the  lateral  columns.  After  dividing  the  la((cr.  and  allowit^  secondary  degoicia- 
tion  to  take  place,  it  is  not  possible  lo  discliai^e  movements  by  stimulating  llic  cortex  cencM 
[SchifT  divided  the  posterior  column  of  the  cord,  and  found  that  stimulation  of  the  op|iosit*  nam 
cortex  filled  la  excite  movements  in  Ihe  opttosite  fore  limlw.  He  supposed  that  this  mult  wo  4ir 
lo  ascending  degeneration.  I  lorslcy  linds,  however,  that  Schiffs  results  are  due  to  transverse  ascfftc 
ntyeliiis  at  the  scat  of  operation,  lhu.s  causing  a  "block"  there  in  the  motor  tract.]  The  ptMcriv 
columns,  and  their  contmuallon  upward  to  ihc  brain,  are  supposed  to  carry  the  impulses  gpward  tt 
Ihe  cerebrum  (ascending  the  limb  of  the  reRex  arc),  where,  after  being  modified  iu  the  ceotrea,  Hu} 
are  carrie<l  outward  by  the  pyramidal  tracts  (descending  limb  of  the  reflex  are).  [Some  hcid  thsl 
the  posterior  columns  are  directly  connected  with  the  cortical  motor  area,  while  others  think,  ifctf  s 
sensory  percejitive  centre  is  interposed  between  the  afferent  and  etfercni  impulses.]  Between,  W 
deeper  in  (he  brain,  lie  the  centres  for  tactile  sensibility.  LandoU  and  Enlenliur^  ol»serve«.1  in  •  4mCi 
from  which  llie  motor  centres  for  the  extremities  had  been  removed  on  toth  sides,  thai  the  foor* 
ments  became  completely  ataxic,  i.e.,  the  animal  could  not  execute  such  coL'inlinaicJ  mov«iM*itt 
as  walking,  standing,  etc.  ndl/  regards  the  duturtMinccs  of  movement  after  injury  of  the  com 
a&  due  lo  inliit)itioD.  SchifT  maintuiiu  that  when  the  cortex  ccrebi  is  stimulated  we  do  not  attsaltfc 
a  cereal  centre,  but  only  the  sensory  channels  of  a  reflex  arc,  the  coniinuaiJoD  of  the  pcauiicr 
columns,  so  that  on  this  supposition  the  movements  resulting  from  stimulation  of  the  incMf 
points  would  be  reflex  movemcnis.  The  centres  lie  deeper  in  the  brain.  T)ii!>  view  is  not  gewnOl 
entertained. 
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Modifying  Conditions. — The  excitability  of  the  motor  centres  is  capable  of 
being  considerably  modified.  Stimulation  of  sensory  nerves  diminishes  it ; 
thus,  the  curve  of  contraction  of  the  muscles  becomes  lower  and  longer,  while  the 
reaction- time  is  lengthened  simultaneously.  Only  when,  owing  to  strong  stimu- 
lation, the  reflex  muscular  contractions  arc  vigorous,  the  excitability  of  the  cortical 
centres  appears  to  be  increased.  Specially  noteworthy  is  the  fart  that,  in  a 
certain  stage  of  morphia  narcosis,  a  stimulus  which  is  too  feeble  to  discharge 
a  contraction  becomes  effective  at  once,  if  immediately  before  the  stimulus  is 
applied  to  the  cortical  centre,  the  skin  of  certain  cutaneous  areas  be  subjected 
to  gentle  tactile  stimulation.  When  strong  pressure  is  applied  to  the  foot,  the 
contractions  become  tonic  in  their  nature,  so  that  all  stimuli,  which  under 
normal  conditions  produce  only  temporary  stimulation,  now  stimulate  these 
centres  continuously.  If,  during  the  tonic  contraction,  one  gently  strokes  the 
back  of  the  foot,  blows  on  the  face,  gently  taps  the  nose,  or  stimulates  tfie  sciatic 
nerve,  suddenly  relaxation  of  the  muscles  again  occurs.  The  phenomena  call 
to  mind  the  analogous  obseWations  in  hypnotized  animals  (§  374).  Another 
very  remarkable  observation  is.  that  when  either  owing  to  a  reflex  effect,  or  to 
strong  electrical  stimulation  of  a  cortical  centre,  contraction  of  the  corresponding 
muscles  is  produced,  \\itxif£€bk  stimulation  of  the  same  centre,  but  also  of  other 
centres,  suppresses  the  movement.  Thus,  we  have  the  remarkable  fact  that, 
according  to  the  strength  of  the  stimulus  applied  to  the  motor  api>aratus,  we  can 
cither  produce  movement  or  suppress  a  movement  already  in  progress  {Buhnoff 
and  Heidenhaht). 

[Excision  of  the  Thyroid  iflccis  ihc  nen-e  centres.  After  thyroid  eel  omy  (iwwily-four  hours) 
Ihc  tetanus  olitained  hy  stiimilaliiig  ihe  cortex  is  yrcfltly  changed.  It  ceases  when  Ihc  stimulating 
jcorrcnt  is  shut  off,  as  suddenly  as  tjut  observed  on  Mimulaiiiiglbe  coruna  nidiatn.  In  more  advanced 
Bh  the  tetanus  is  soon  exhausted,  and  is  often  followed  by  clotiic  epileptoid  spa-i^nis.     1  n  the  Indcr 

jea,  after  thyroidectomy,  there  may  be  only  a  feelile  tetanus,  or  none  at  all,  00  slimutaiing  the 
motor  areas,  so  great  is  the  state  of  depression  nf  function  of  these  centres  {Honleyy^ 

[Wamer  has  directed  aticiuiDn  to  visible  muscular  movements  apart  from  those  studied  in 
cpdepsy,  chorea,  aihclosU — and  including  attitude,  gait,  inovcmtmls  uf  the  cyelialls,  position  of  the 
band,  and  posture  in  general,  etc. — as  expressive  of  states  of  the  brain  and  nerve  centres.] 

376.  SENSORY  CORTICAL  CENTRES.— [There  must  be  some  con- 
nection between  the  surface  of  the  brain  and  the  afferent  channels  through  which 
sensory  impulses  pass  inward,  and  although  the  channels  for  sensory  impulses 
are,  perhaps,  not  so  definitely  localized  as  those  for  voltintary  motion,  still  we 
know  that  sensory  impulses  for  the  opposite  half  of  the  body  travel  upward  through 
the  posterior  third  of  the  posterior  limb  of  tlie  internal  capsule  (Kig.  500,  S),  to 
radiate  in  all  probability  into  the  occipital  and  temporo-sphenoidal  lobes.  Parts 
of  these  convolutions  are  sometimes  spoken  of  as  "sensory  centres*'  or 
**  psycho-sensorial  "  areas.] 

[The  «am^  methods  have  been  applied  to  Ihe  investigation  of  these  centres,  viz.,  stimulation  and 
extirpation.  Stimulation. — Fem'er  found  (bat  electricol  stimiilation  of  the  angular  gyms  (monkey) 
caused  movements  of  the  eyeballs  touurJ  the  Ude,  with  FoinetJmcs  associated  movements  of  (he 
head,  but  he  regarded  these  as  reflex  movements,  «o  that  for  this  and  other  reasons  lie.  in  his  earliest 
c«>n'ributions,  consitiered  the  angular  gyrus  and  adjacent  parts  a*,  the  •*  centre  for  vision."  On  MJmu- 
latingthe  first  lemporo  sphenoidal  convolution,  the  mnnkcypriclccd  thcopjxwitcear,  Ihc  pupils  dibicd, 
while  the  head  and  cars  turned  to  the  opposite  side,  it  exhibited  movements  similar  to  those  caused 
In*  a  loud  sound ;  these  movemrnts  arc  nlsci  rctlcx  phenomena,  so  that  he  located  the  "  auditory 
centre  "  in  this  region,  and  on  somewhnt  simiLir  grounds.  \^  the  resylt  of  inferences  from  Ihe 
stimulation  and  extirpation  of  other  [arts,  he  referred  tbc  centres  for  smell  and  tnstc  to  the  tip  of 
Uie  temporo  sphenoidal  lohe,  and  for  touch  to  the  hippocampus  major,  but  all  these  statements  tiavc 
BPt  been  conrimicd.j 

f  CoUz  cx|xnmcnted  on  dogs  by  washing  away  the  cortex  ccrdn-i,  and  found  that  when  a 
sumcieot  amount  of  the  gray  matter  is  reinovert,  and  aller  recovery  from  the  immediate  effects  of  the 
operation,  there  ts  a  peculiar  defect  of  vision  and  other  sensory  defects,  but  so  far  Golt/  has  not  found 
that  there  is  any  difference  in  this  respect  Iwtween  removal  of  the  anterior  and  posterior  lobes  of  the 
do£*s  brain.     The  dog  is  not  l>lind,  aa  it  can  see  and  use  its  eyes  to  avoid  obstacles,  but  it  seetned  as 
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if  the  antmal  fftUed  (o  recognize  food  or  flesh  as  sufA,  when  plsced  before  it;  while  exhiUti 
which  before  the  oporation  ideally  excited  (lie  dug,  ceased  to  do  to.    Gohz  caused  his  wrrani  to  d 
himself  in  a  uiuicimer's  red  colored  gnrt),  which  previously  had  grtraily  excited  the  <Io^,  bat  after  Um 
operation  ibe  dog.  although  it  was  not  hUiid,  was  no  lontjer  exclied  ttirreby.     Nor  wu  it  afrenni 
cowed  by  the  appearance  of  a  whip.     After  a  time  there  was  recovery  lo  a  cettajo  e&iciit  tl  i 
AnimaJ  was  trained,  whether  by  the  deposition  of  new  impressioru,  or  Ivy  opening  up  dcw  channel 
or  by  the  partial  recovery  of  some  ports  of  the  gray  matier  not  temoved,  it  is  impossible  to  say.] 

[Munk  has  mopped  out  the  surface  of  the  brain  into  a  4«ie»of  "sensory"  or  psycho-smwrisi 
centres,  hut  he  distinguishes  between  corapleic  and  total  extirpation  of  these  centre*  and  ihepbe- 
nunicna  wliich  follow  these  operations.] 

When  these  centres  arc  partially  disorganized,  the  mechanism  of  the  sensory 
activity  may  remain  intact,  but  "  the  conscious  link  is  wanting."  A  dog  with  its 
centres  thus  destroyed,  sees,  Iicars.or  smells,  but  it  no  longer  knows  what  it  sees, 
hears,  or  smells.  Tliese  centres  are  in  a  certain  sense  the  seat  of  experience  that 
has  been  acquired  through  the  organs  of  sense.  Stimulation  of  these  centres 
may  give  rise  to  movements,  such  as  occur  when  sudden  intense  sensory  impres- 
sions are  produced.  These  movements,  therefore,  are  to  be  regarded  as  reflex, 
partly  as  extensive  coordinated  reflex  movements,  and  are  in  no  way  to  be  ran - 
founded  with  the  movements  which  rcstjlt  from  direct  stimulation  of  ihc  motor 
cortical  centres.  To  this  belongs  dilatation  of  the  pupil  and  the  fissure  of  the 
eyelids,  as  well  as  lateral  movements  of  the  eyeball. 

X.  The  "  visual  area,"  according  to  Munk,  embraces  the  otiter  convex  part 
of  the  occipital  lobe  of  the  dog's  brain.     [This  area  and  its  connections  are  repre 

sented  in  Fig.  487.     It  is,  therefore,  in  the  area  $iip- 
Fic  4S7.  plied  by  the  posterior  cerebral  artery.]     If  the  occipi- 

tal lobes  be  completely  destroyed,  the  dog  rcmaiv 
permanently  blind  ("cortical  or  absolute  blio^ 
ness").  If,  however,  only  the  central  circular 
be  destroyed,  there  is  loss  of  the  conscious  visual  sctm^" 
tion,  which  may  be  called  "psychical  blindness  " 
i^Munk)  [a  condition  of  visual  defect  like  that  observe 
by  Goltz  in  the  dog,  in  which  the  dog  saw  an  object 
e.  g.,  its  food,  but  failed  to  recognize  it  as  such.  Thcr 
is  a  certain  amount  of  recovery  if  the  whole 
area  be  not  removed.  According  to  Schifer,  the  visual 
area  of  the  cerebral  cortex  in  the  monkey  comprtses  ibe 
whole  of  the  occipital  lobe,  and  jwrhaps  a  pan  of  the 
angular  gynis.  He  finds,  with  Munk,  that  removal  of 
one  occipital  lobe  is  followed  by  hemianopia,  /.  e., 
blindness  in  the  lateral  half  of  each  retina  corres|x)iidin(; 
to  the  side  operated  on.  The  blindness  passes  off. 
Removal  of  both  occipital  lobes  is  said  to  produce  lotil 
and  permanent  blindness,  whereas  destruction  of  the 
cortex  of  both  angular  gyri  is  not  followed  by  as? 
appreciable  permanent  defect  of  vision.  Fcirier,  how- 
ever, does  not  accept  these  statements.] 

[Ferrier  and  Yeo  find  that  after  operations  oondurtd 
antiseptically.  removal  of  both  occipital  lobes  (monkeys)  does  not  cause  ant 
recognizable  disturbance  of  vision,  or  other  bodily  or  inental  derangement,  pro- 
vided the  lesion  does  not  extend  beyond  the  parieto-occipital  fissure.  Nor  doc 
destruction  of  both  angular  gyri  cause  permanent  loss  of  vision  ;  such  loss  of  visjon 
lasts  only  three  days,  so  that  in  Ferrier's  original  cxpcrimenis,  the  animals  lived  for 
too  short  a  lime  after  the  oi)eration,  to  enable  a  just  conclusion  to  be  arrived  it- 
Destruction  of  both  angular  gyri  and  occipital  lobes  causes  total  and  [>erTuaneni 
blindness  in  both  eyes  in  monkeys,  without  any  imiuimient  of  the  other  senses  or 
motor  power.     This  region  Ferrier  calls  the  **  occipito-angular  region." 
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[Stimulation  o(  the  an^/ar gyrus  causcs  movements  of  the  eyes  lo  the  opposite 
side,  with  closure  of  the  eyelids  and  contraction  of  the  pupil.  The  eyeballs  were 
directed  upward  or  downward  according  as  the  electrodes  were  applied  to  the 
anterior  or  posterior  limb  of  the  angular  gyrus  {^Ferrier).  Stimulation  of  the 
whole  of  the  cortex  of  the  occipital  lobe,  including  its  mesial  and  under  surfaces, 
causes  conjugate  deviation  of  the  eyes  to  the  opposite  side,  the  direction  of  move- 
ment varying  with  the  position  of  the  electrodes,] 

Mauthncr  denies  the  cxbtence  of  cortical  blindness,  and  believes  that,  after  destruction  of  the 
mkldle  of  the  visuol  centre,  the  reuon  why  the  dof;  docs  not  recognize  the  object  with  the  opposite 
eye  is  because,  owing  to  there  l>eing  only  indirect  Tision,  there  \s  no  di<Jinci  imitreuion  on  the  retina. 
The  position  of  the  visual  centre  has  l»een  variously  Mated  by  different  observers.  According  to 
Fcrrier,  in  the  dog  it  lies  iti  ihc  occipital  p.irt  of  the  III  [jrimary  convolution,  neir  the  tpot  marked 
t,  ft  e,  in  Fig.  485;  accoT'.bnt;  m  hi»  newer  researches,  in  the  occipital  lobe  and  gyrus  angularU. 

Connection  with  the  Retina. —  Mutik  averts  that  in  dogs  i^oM  retina  are  cuiinect«d  witli  each 
viiual  cortical  cenlrc,  and  in  such  a  nunuer  that  the  greatest  part  of  each  retina  is  connected  with 
theaf/>cti/e  cortical  cetHre,  ami  only  by  its  most  external  lateral  marginal  part  with  the  centre  of  tlw 
lamf  side  ^Kig.  487).  If  wc  iuHgine  the  surface  of  fine  retina  to  be  projected  upon  the  centres,  then 
the  most  external  margin  of  the  first  is  connected  with  the  centre  of  the  jamt  ^dc.  the  inner  margin 
of  the  retina  with  the  inner  area  of  the  opposite  centre,  the  upiier  margin  with  thr  antriior  area,  ind 
the  lower  marginal  part  of  the  retina  with  the  posterior  area  of  the  opposite  s^ide.  The  (shaded) 
middle  of  the  centre  correspuuds  to  the  position  of  direct  vision  of  the  retina  of  the  oppoiitt  side 
(compare  \  344). 

Stimulation  of  the  visual  centre  in  dogs  causes  movements  of  the  eyes  toward 
the  other  side,  sometimes  with  similar  movements  of  the  head  and  contraction  of 
the  pupils,  if  one  eye  be  excised  from  newborn  dogs  the  opposite  visual  centre 
after  several  months  is  less  devclo|)ed  {Munk),  After  extirpation  of  the  visual 
centre  in  young  dogs,  the  channels  which  connect  it  with  the  optic  nerve  undergo 
degeneration  (Monak^io)  (§  344). 

In  monkeys,  the  cenUe  occu(He»  the  occipital  lobe.  Umltteral  destruction  causes  tciuporury  blind- 
ness of  the  halves  of  hoik  rctitiie,  j'.  /■.,  hemianopia  on  the  side  of  the  injur)-.  'I'lic  viwml  centre  in 
pigeons  {Fig.  483,  IV,  where  I  is  placed)  lies  somewhat  behind  and  internal  to  the  highest  curvattire 
of  the  hemispheres  [SV Ktndricky  Ferritr,  AfuseMo/if).  The  visual  centre  in  the  frog  lies  in  the 
optic  lube  {/f/nsikJtc). 

[The  visual  path  is  along  the  optic  nerve  to  the  chiasma,  where  the  tibrcs  from  the  nasal  half  of 
each  retina  cross  to  the  optic  tract,  some  of  the  Gives  perhaps  l>rcoming  connected  with  the  external 
corpora  geniculata,  and  some  with  the  pulvinar  of  Che  oplic  tlulomus  and  corpora  c^uadrigcmtna, 
while  the  great  ma«  swrep«  backward  to  the  occipital  k>bes  ak  the  aplic  expansion  of  GralioloL 
DeBinictif»i  of  ttil<>  pith  iKrliind  the  chia^ma  causes  hemtopia  or  hemianopia,  and  cciuin  ducasci 
of  the  occipital  corlcx  cau^e  a  similar  result.  Perhaps,  however,  tlieri-  is  another  centre  in  the  angu- 
lar gyrus  land  »iipra>nurginal  lobe),  for  in  cases  of  word  blindness  disease  has  been  found  in  thicK 
regionii.  Sometimes  Hashes  of  light  or  the  appearance  of  a  boll  of  Are  form  the  aura  in  epilepsy, 
and  llughhngsjackson  thinks  that  discharging  lesions  of  the  right  occipital  lobe  cause  colored  vbion 
more  frequently  than  on  the  left.] 

a.  The  centre  for  hearing^,  or  "  auditory  area,"  lies  in  the  dog,  according 
to  Ferrier,  in  the  region  of  the  second  primary  convolution  at/,/,/(lMg-  483,  II), 
while  in  the  monkey  and  man  it  is  in  the  first  temporal  or  tem{X)ro -sphenoidal 
gyrus  (Ferrier's  centre,  No,  14).  Munk  locates  it  in  the  same  region.  Accord- 
ing  to  Munk,  destruction  of  the  entire  region  causes  deafne**  of  the  vpposiu  ear, 
while  destruction  of  the  middle  shaded  part  alone  cames  "psychical  deafness  " 
{"  SfdenfaubhnT').  Electrical  irritation  of  the  upper  two-thirds  of  the  superior 
temporal  convolution  is  followed  by  a  reaction  which  closely  resembles  that  pro* 
duced  by  a  sud<len  fright,  or  that  produced  by  a  sudden  unexpected  noise.  [There 
is  a  (juick  retraction  of  the  opposite  ear,  /.  ^.,  **  pricking  "  of  the  ear  as  if  toward 
the  supposed  origin  of  the  sound,  combined  generally  with  turning  of  the  head 
and  eyes  to  that  side,  and  dilatation  of  the  pupil.]  Ferrier  lorates  the  centre  for 
hearing  in  the  monkey  in  the  superior  tempi>ro-sphenoitiai  convafution,  and  he  finda 
that  when  the  centres  on  both  sides  are  txtirpatett^  the  animal  is  absolutely  deaf; 
it  takes  no  cognizance  of  a  pistol  fired  in  its  neighborhood.  [From  his  cx[jeri- 
4« 
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ments  on  monkeys,  Schafer  denies  absolutely  the  conclusions  of  the  above*namcd 
experiments.  Schafer  points  out  that  it  is  not  difficult  to  substantiate  hearing  in 
monkeys  ;  it  is  difficult  to  substantiate  deafness,  fur  quite  normal  monkeys  will 
often  fail  to  pay  the  least  attention  to  loud  sounds.  In  six  monkeys,  Schafer 
asserts  that  after  more  ot  less  complete  destruction  of  the  superior  temporal  gyna 
on  both  sides,  hearing  was  not  ]>ercepiibly  affected.  In  one  case,  both  temponl 
lobes  were  completely  removed  without  any  permanent  diminution  in  the  acute- 
ness  of  hearing.  These  results  are  opposed  to  the  ordinary  clinical  teaching  on 
this  subject.]  In  man,  injuries  to  ihe^rst  and  second  temporo -sphenoidal  codvo> 
lutions  on  one  side  do  not  appear  to  cause  complete  deafness  of  one  ear^asit 
seems  that  the  sense  of  hearing  for  eacii  car  is  perhaps  represented  on  both  sides. 
Bilateral  lesions  of  these  convolutions  in  man  cause  complete  deafness.  Diseaie 
of  these  two  convolutions  is  associated  with  word  deafness  (p.  763).  Wernicke 
cites  the  case  of  a  person  first  affected  with  word  deafness,  who  afterward  becuac 
completely  deaf;  and  after  death,  a  bilateral  lesion  was  found  in  the  first  leraponh 
sphenoidal  convolution.  These  convolutions  are  supplied  with  blood  by  the 
middle  cerebral  or  Sylvian  artery. 

[The  auditory  paths  .ire  from  the  auditory  nuclei  in  the  medulla  oblongali 
through  the  pons,  where  they  perhaps  cross  into  the  tegmentum,  thence  into  the 
"sensory  crossway,"  and  onward  to  the  auditory  centre.] 

[Auditory  Aurae. — Iiqually  important  with  Ihese  efftcts  of  dis««5C  are  the  seiuory  iin[TfltriM 
or  "  auFK,"  which  sometimes  luhcr  in  an  attack  of  cptlepKy ;  somrltmcx  ihme  jkimr  CocKiti  d 
sounds  or  noises,  and  In  these  cams  the  seat  of  the  disease  1$  ohen  in  the  ftrM  temporo •apheooidit 

convolution.] 

[3.  The  olfactory  centre  has  not  been  so  definitely  settled  a^  some  of  the 
others.  There  is  strong  presumptive  evidence  that  it  is  situated  in  the  hippooua- 
pal  region  of  the  temiwral  lobe,  at  its  lower  extremity.  This  view  is  strengthcoed 
by  the  anatomical  relations  of  this  region  to  the  olfactory  tract  and  anterior 
missure  (.^(rr/7>r).  M'l^ne  Hamilton  has  recorded  a  case  of  epilciisy  ushered  j 
by  an  aura  of  a  disagreeable  odor,  in  which  there  was  atrophy  of  the  gruy  : 
of  the  right  uncinate  gyrtLs.] 

[Olfactory  Path. — Alllioiigh  the  outer  root  of  the  olfactory  tract  nini  direct  to  the  tiaeitute  gm. 
in  ^emittfttrt/Aeiia  remlting  from  injury  to  the  "  scniory  cm&nray/*  smell  11  lost  00  tht  oppiitt 
side,  while  it  is  lost  on  the  same  side  when  the  uncinate  gyrus  is  involved.  U  may  be  tMlk 
impulses  go  fiTsl  to  their  own  Bide,  and  cross  afterward.] 

[4.  We  do  not  know  the  centre  for  taste,  and  even  the  course  of  the  ocnvof 
taste  is  disputed.     Ferricr  places  it  close  to  that  of  smell.] 

On  stimulaling  the  subiculum  in  monkeys,  dogs,  cats,  and  rabhits,  be  obaerved  peculiar  aow- 
ment.'i  of  the  lipc  and  (uu-tial  closure  nf  the  nosirili  on  the  same  side  (|  365').  In  man,  tabfeedtt 
olfactory  ftud  [•ustatory  perceptions  are  regarded  as  irritnilvc  phcDuincna,  while  tou  or  thesr  f* 
sory  nctiviiieK,  oflen  complicated  with  other  cerebral  phenomena,  is  regarded  as  a  symptoin  <d  Aat 
paralysis. 

['liic  gustatory  path  crosses  in  the  posterior  part  of  the  posterior  segment  of  the  internal  C»~ 
sule.  While  Gowers  admits  that  Ihe  chorda  tympani  is  ilie  nerve  of  taMe  for  the  anierior  twrt-rtiM 
of  the  tun){ue,  he  thinks  that  it  reaches  the  facial  nerve  from  the  sphcoo-palntiDe  cangtioe  thr«(t 
the  Vidian  nerve.  He  denies  that  the  gtosso- pharyngeal  tsconcemoj  in  laMe,  and  "he  bche«atto 
taste  impressions  reach  the  brain  solely  by  the  roois  of  the  5th  nerve."  He  admits  that  the  tttrm 
of  taste  to  (he  back  part  of  the  tongue  may  be  MtirihuteJ  with  the  glosso-pluryiueal,  todni 
them  through  the  otic  ganglion  by  the  bmnll  superficial  peiro&ul  and  tympanic  piextu.] 

[5.  Ferrier  places  the  centre  for  tactile  sensation  in  the  hippocampal  regiofl 
close  to  the  distribution  of  part  of  the  posterior  cerebral  aitery;  so  far  tbi*  has 
not  been  confirmed.     The  centre  for  tht*  sensation  of  pain  has  not  Iwen  definwi. 
probably  it  is  very  diffuse.     The  limbic  lobe,  according  to  Rrorjj,  include  tt>«_ 
hippocampal  convolution  and  Ihe  gyrus  fornicatus,     Ferricr  found  ih  "" 
removal  of  ihe  hippocampal  region   resulted   in  a  diminution  of  the  sensibility' 
the  opposite  side  of  the  body.     Horsley  and  Schafer  observed  only  a  tciap 
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hemiansesthesia,  but  ihey  found  that  an  extensive  lesion  of  the  gyrus  fornicatus 
was  followed  by  hemianiesihcsia,  more  or  less  marked  and  persistent.  From  their 
experiments,  these  observers  conclude  thai  the  limbic  lulie  "is  largely,  if  not 
exclusively,  concerned  in  the  appreciation  of  sensations,  painful  and  tactile."] 

6.  Mank  is  of  opinion  ihat  tlir  surface  or  the  cerebrum  in  ihc  region  of  the  motor  Centres  tuAs  al  Ibr 
tame  time  as  "  sensory  areas"  ("/M^A/^Jr^  "),  i.  a,  they  serve  as  centres  for  the  /tie/i/^  ond 
mutfular  ftcnuiions  and  thuK  of  the  innenraitoii  of  the  oppusite  side.  He  aucrts  that  after  injury 
to  tlie^c  regions  the  corresponding  functions  arc  affected. 

According  to  Ilcchterew,  the  centre^  for  the  percci)tion  of  tactile  impres&ioris.  those  of  innervation, 
of  the  mtucuUr  scn^c,  and  painful  imprevions  arc  placed  in  the  ncigliUirhiiOtl  of  the  motor  areas 
(dog) ;  the  fust  immediately  behind  and  external  to  itie  motor  areas,  the  o(h4rrs  in  the  region  close  la 
the  origin  of  the  Sylvian  tusurc.     [So  far  this  agrees  with  the  views  of  Starr  (p.  749)-] 

Goliz,  who  first  accurately  described  the  d)!>iurl>inces  of  vision  following  upon  injuries  to  (he 
cortex  in  dogs,  is  opposed  to  the  view  of  tirnsory  localization,  lie  believes  that  each  eye  is  connected 
with  both  hembpberes.  He  asserts  that  the  disturbance  of  vision,  after  injury-  to  the  brain,  consists 
merely  In  a  diminished  color  and  space  sense.  The  recovery  of  the  visual  perception  uf  one  eye 
after  injury  of  one  side  of  the  cortex  cerebri,  he  explains  by  supposing  that  this  injury  merely  causes 
a  temporary  inhibition  of  the  visaal  activity  in  the  opposite  eye,  which  disappears  at  a  later  period. 
Instead  of  psychical  Uindncss  and  deafness  be  speaks  of  a  "  cercbro- optical  and  *'  cerebro- acoustical 
weakoess," 

377.  THERMAL  CORTICAL  CENTRES.— Eulenlierg  and  Landois  discovered  an  arem 
on  the  Cortex  cerebri,  whose  stimulation  produced  an  undoubted  eflcd  upon  the  temperature  and 
condition  of  the  blood  votsels  of  the  op|x>&ite  extremities.  This  region  (Hg.  4S3,  I,  t)  generally 
embraces  the  area  in  which,  at  the  same  time,  the  motor  centres  for  the  flexors  and  rotators  of  the 
fore  limb  (j),  and  for  the  muscles  of  the  hind  limb  ^)  are  placed.  Tlie  areas  for  the  anterior  and 
posterior  limbs  arc  placed  apart ;  that  for  the  anterior  limb  lies  somewhat  more  anteriorly,  close  to 
the  lateral  end  of  the  crucial  sulcui.  Destruction  of  this  region  causes  increase  of  the  temperature 
of  the  opposite  extremities;  the  temperature  may  vary  considerably  {1.5**  lo  2°,  and  even  rising  to 
13®  C).  This  resuk  has  been  confirmed  by  Hitiig,  Becbiercw,  Wood,  and  others.  This  rise  of 
the  temperature  is  usually  present  for  a  considerable  lime  after  the  injury,  although  it  may  undergo 
variations.  Sometimes  it  may  last  itiree  months,  in  other  cases  it  gradually  reaches  the  normal  in 
two  or  three  days.  In  well-marked  cases,  there  is  a  diminution  of  the  rcslMance  of  the  wall  of  the 
lemoral  artery  to  pre&sore,  and  the  [wise  curve  is  not  so  high  {RtinJte).  I^ocal  electrical  stimula- 
tion of  the  area  causes  a  slight  temporary  cooling  of  the  opposite  extremities,  which  may  t>e  detected 
by  the  thermo-electric  method.  Stimulation  by  means  of  common  salt  ads  in  the  same  way,  but  in 
this  cose  the  phenomena  of  destruction  of  the  centre  soon  appear.  .K%  yet,  it  has  not  been  proved 
that  there  is  a  similar  area  for  each  half  of  the  head.  The  ceretiro-epileptic  attacks  [\  375)  increase 
the  bodily  temperature,  pnrtly  owing  to  the  increased  production  of  heat  by  the  muscles  ({  303)i 
panly  owing  to  diminlijied  radiation  of  heat  through  the  cutaneous  vessels,  in  ci>nsci|uence  of 
stimulation  of  the  thermal  cortical  nerves.  The  experiments  led  to  no  definite  results  wheu  per- 
formed on  rabbits.  According  to  Wood,  destruciion  of  these  centres  occasions  an  increased  produc- 
tion of  heat  that  can  be  measured  by  calorimetric  methods,  while  stimulation  causes  the  opposite 
result 

These  experiments  explain  bow  psychical  stimulation  of  the  cerebrum  may  have  an  effect  upon 
the  diameter  of  the  blood  vessels  and  on  the  temperature,  as  evidenced  by  sudden  paleness  and 
congeMion  ($  378,  III). 

[Heat  Production. — Injury  lo  the  fore<hrain  has  no  effect  nn  the  temperature.  *  If  the  brain  of 
a  rat>bit  Ix  punctured  through  the  large  fontauelle,  and  the  stylet  l^e  forced  through  the  gray 
matter  on  the  surface,  while  matter  and  the  median  portion  of  the  corpus  striatum  right  to  the  base 
of  the  brain,  there  is  a  rapad  nse  of  the  temperature  which  may  lost  M'vcral  days.  Injury  to  the  gray 
cortex  does  not  affect  the  lempcrsiurc.  After  puncture  of  ihe  corpus  sinotum,  the  highest  tempera- 
tttfc  is  reached  only  after  twenty-four  to  seventy  hour<,  but  when  the  puncture  reaches  the  ba^r  of 
the  brain  this  result  occurs  in  two  tu  ftiur  hours.  Flrctrical  stimulaliun  of  the»e  areas  causes  the 
same  effect  on  the  lempemture.  Direct  injury  to  certain  pans  of  the  brain  t^  followed  by  a  rise  of 
the  tempera ture^-or  fever.  See  also,  p.  376,  for  further  evidence  of  the  cxtslrnce  of  ihcrmal  centres. 
There  is  at  the  same  time  an  increase  of  the  O  taken  in.  ihe  CO,  given  off  sikI  a  decided  increase  of 
the  N  given  off,  indicating  an  iiicrca-'»e  in  the  proteid  metabolism,  which  points  to  an  iucreascd  pro- 
duction of  heat  {AroHsakn  and  S>icfu,  Hichff,  Wcai').] 

General  and  Theoretical. — Golts's  View.  — (loli*  uses  a  different  method  to  remove  the  cortex 
cerebri — he  makes  an  opening  in  the  skull  of  a  dog,  and  by  means  of  a  stresm  of  water  washes 
away  the  desired  amount  of  brain  matter.  1  le  descnbes,  firv  of  all,  inhibitory  phenomena,  which 
are  temporary  and  due  to  a  temporary  suppression  of  the  activity  of  the  nervous  apparatus,  which. 
however,  is  not  injured  anatomically;  this  may  be  explained  in  the  same  way  as  ihe  su|>prt»sion  of 
reflexes  by  strong  »timulalton  of  sensory  nerves  ({  361,  3}.     In  arldiiion,  there  are  the  permanent 


766 


TOPOGRAPHY  OF  THE  MOTOR  CENTRES. 


phenomena,  due  (o  ihe  dUappearmce  of  the  activity  of  Ibe  nervous  apparatus,  which  ft» 
by  the  operation.     A  dog,  with  a  large  mass  of  its  cerebral  cortex  rcinavcfl.  may  be  cocupAnd  10 
eating,  complex,  reflex  machine.      Il  behave-s   like  an.  intenxely  stupid    dug,  walks  slowly,  »ithl 
bead  haii{;tnK  down;   it^  cotaiieous  scnMhiliiy  is  diminished  in  all  its  qualiiie^— Ji  is  Icm  •emitire 

Eteasure  on  the  skin;  it  lakes  Ir^s ci.>gtiizance  of  vartaiions  of  lemixTature,  and  doc9  not  comprAtni 
ow  to  feel ;  it  can  with  difKculty  accommodate  itself  to  the  outer  world,  »peaaliy  with  tt^rd  lo 
aecking  "Ul  and  taking  its  food.  On  the  oilier  hand,  there  is  no  parulysiv  of  its  muscles.  The  dog 
stilt  sees,  htit  il  docs  not  understand  what  it  does  %cc;  it  looks  like  a  somnambulist,  who  avoids 
obfetacles  without  obtaining  a  clear  perception  of  thctr  nature.  It  liiars,  *s  il  con  be  wakcan)  frott 
sleep  by  a  call,  tnil  it  hears  likic  a  person  juat  wakened  from  a  deep  sleep  by  a  Toicc — vocb  i  penna 
docs  not  at  once  otitain  a  disunct  perception  of  the  sound.  The  same  U  the  case  wilh  the  other 
senses.  It  howls  from  hunger,  and  eats  until  its  stomach  tit  filled ;  tt  manifesu  no  symfitann  vt 
icxual  excitement. 

Oollz  fiu)r|)oseA  that  every  part  of  the  brain  is  concerned  in  the  funciions  of  willing,  feeling,  pcrcn 
lion,  and  tluitking.  E%-ery  section  i**,  independently  of  the  others,  connected  L>y  conducing  pau* 
with  all  the  voluntary  muscles,  and,  on  the  other  hand,  wilh  all  the  !M.*nsory  nerves  of  the  body.  He 
regards  it  as  possible  that  the  individual  lol>es  have  dift'orent  functions, 

After  removal  of  the  imterior  or  frontal  convolutions  and  the  motor  areas,  there  is  al  I'nt  em 
lateral  motor  and  'tcnu^r)'  pamlysi^  and  affection  of  virion.  After  ^om«  months,  there  remains  od!t 
the  loss  of  the  muscular  sense.  If  the  opersiion  be  bilateral,  ibe  pheoomeoa  are  more  Burked: 
there  are  innumerable  purpot^eless  associated  movements,  and  the  dogs  become  vicioua.  Markal 
and  permanent  disturbance  in  the  capacity  to  utitixc  the  impressions  from  the  sense  orgattfMOols 
necessary  consciiucncc  of  removal  of  the  frontal  con  vol  u  lion  !>. 

Removal  of  the  occipital  lobes  interferes  most  wilh  vision.  Bilateral  removal  makea  the  asiatl 
almost  blind.  The  dog  remains  obedient  and  lively,  'lliere  is  no  disturbance  of  molioo  or  of  tit 
muscular  sense. 

Inhibitory  Phenomena. — Injury  to  the  brain  also  causes  inhit>iiory  phenontena.  mch  si  de 
disturbances  of  motion^  the  complclc  hemiplegia  which  is  frequently  observed  aficr  large  HvilsAfnl 
injuries  of  the  cortex  cerebri  ;  these  are  regarded  by  Goltt  as  inhibitor)-  phenomena,  due  to  the  injor 
acting  on  tower  infta-conical  centres,  whose  action  inhibits  mo%-cment,  but  these  mnvemetiu  iK 
recovcre<l  as  soon  as  the  inhibitory  action  ceases. 

378.    TOPOGRAPHY    OF    THE    CORTEX    CEREBRI.— A  Avt 

risume  of  the  arrangement  of  convolutions,  according  lo  Ecker,  is  given  in  $  jj;. 

I,  'Hie  cortical  motor  areas  for  the  face  and  the  limbs  are  grouped  u^qbA 
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Motor  area*  in  in;>n  «tiail«il — cHilcr  ^tirf.-irc  of  th«  left  «i<le     Inner  surface  of  n^hl  bcmHphcr^     AS,  «««•  <W 
of  human   brain.       Dolled   arcn,   ih«  apliaiic   rcsioo  the  movencnu  of  tbc  arm  and  shnaMrr 

(modirictl  ftum  Cowcn).  ih^  trunk;  /<f ,  tha«<  of  the  Ug:  I^tffr^^ 

uiiii  :  CC.corjHMC«Uoiium:  (f*,  uaclaala  ci  t- 

ocdpiul  lobe. 


the  fissure  of  Rolando,  including  the  ascending  frontal,  ascendifig  pnrielAl.  v.* 
part  of  the  parietal  lobule  (Fig.  48S).  The  centre  for  the  face  o<tin>iLi  r  : 
lowest  third  of  the  ascending  frontal  convolution,  and  reaches  also  to  the  Itoc- 
fifth  of  the  ascending  parietal.  The  arm  centre  occupies  the  middle  thini  l-)  '.k 
ascending  frontal  and  middle  three-fifths  of  the  ascending  parietal  convoh.t 
while  the  leg  centre  lies  at  the  upper  end  of  the  sulcus  and  extends  l>ackward  ^n 
the  parietal  lobule  (and  perhaps  on  to  the  superior  frontal  convolution)  (Fig.  4li^i- 
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The  leg  centre  is  continued  over  on  to  the  paracentral  lobule,  opposite  the  upper 
end  of  the  fissure  of  Rolando,  in  the  marginal  convolution  on  the  mesial  aspect 
of  the  hemisphere  { Fig.  490),  where  the  centres  for  the  muscles  of  lh«  trunk  also 
exist  (p.  748).  The  centre  for  speech  is  in  the  posterior  part  of  the  third  left 
frontal  convohition  (Fig.  4S8). 

Blood  Supply. — Tlicsi!  convolmions  are  supplied  with  blood  from  four  to  five  branches  of  the 
Sylvian  artcr)',  wbicli  may  sometimes  be  plagged  with  on  emholon.  When  a  clot  lodges  in  this 
anery,  the  branches  to  the  basal  ganglia  may  ronaia  pervious,  while  the  cortical  branches  may  be 

pluyyrd  {Duret,  Hetibrtfr)  {\  3S1). 

[Hemiplegia  consists  of  motor  paralysis  of  one-half  of  the  body,  although,  as 
a  rule,  all  the  muscles  are  not  paralyzed  to  the  same  extent ;  in  some  there  may  be 
complete  paralysis,  /.  ^.,  they  are  entirely  removed  from  voluntary  control,  while  in 
others,  there  is  merely  impaired  voluntary  control.  It  may  be  caused  by  affections 
of  the  cortical  areas  or  by  lesion  of  the  motor  tracts  above  the  medulla,  and  the 

paralysis  is  always  on  the  side  op- 
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posilc  to  the  lesion,  owing  to  the 
decussation  of  the  motor  paths  in  the 
medulla.  If  the  case  be  a  severe  one, 
we  have  what  Charcot  Ki^xxn&lUmipltgie 
ceniraU vulval r<t  or  "  complete  hemi- 
plegia," due  10  lesion  of  the  corti- 
cal centres  for  the  face,  arm,  and  leg. 
While  the  arm  and  leg  are  com- 
pletely paralyzed,  the  lower  part  of 
the  face  is  more  affected  than  the 
upper  half,  which  is  usually  not 
much  affected.  All  those  move- 
ments under  voluntary  control,  and 
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Tmuvcn«  *«ctiQti  of  m  ceicbnl  hemisplierc.  CO«,  corpu*  cal- 
lofum;  NC.oiuclitte  niiclcut ;  Nl.,  lemlculjir  tiuclmt;  IC, 
iiUcnut  captulc .  C  A,  intcrrwl  carolid  urlcrv  ;  dS  U,  leiiliculo* 
striate  artery;  ("Artery  of  hcmortlmgc  );  Y,  A,  L,  T, 
poiiiloftof  motor  Arcuaovemlng  the  movemenuof  tlieface, 
uTDQ,  l«tf,  mnd  trtink  nttucln  of  the  opposite  9i(le(//0rj/i'_^). 


Scheme  of  lite  inncrratiun  of  bibit«nilly 
aMOciated  muitclu  \RotM'). 


esftecially  those  that  have  been  learned,  are  abolished,  while  the  associated 
and  bilateral  movements,  which  even  animals  can  execute  immediately  after 
birth,  remain  more  or  less  unaffected.  Hence,  the  hand  is  more  jiaralyzed 
than  the  arm:  this,  ai;ain,  than  the  leg;  the  lower  facial  branches  more  than  the 
upper;  the  nerves  of  the  inink  scarcely  at  all  {Ferrier).  When  an  extraordi- 
nary effort  is  made,  it  will  be  found  that  there  is  some  impairment  of  fhe  power 
pf  the  muscles  of  mastication  and  respiration,  although  the  muscles  on  opposite 
sides  act  together  {^Gowers).  The  trtmk  mu.scles,  as  a  rule,  are  but  slightly  afffclcd, 
ornot  all,  as  their  centre  is  elsewhere.  There  may  be  alterations  of  sensibility 
and  of  the  reflexes.] 
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[Conduction  throu|;h  The  whole  of  the  pyraioidal  fibres  comtng  (lORi  one  bemUpbere  nuj  be 

intciTU|>ted,  and  yet  all  ihe  muscles  on  (he  opposite  side  of  ihe  hody  are  ool  poralyred.  Themntcla 
which  are  comparatively  unaffected  are  those  associjilcd  in  (heir  action  wiih  the  inu»eles  of  tbe 
ojjposite  side,  e.:;.,  the  respiratory  muscles.  iJroadhciii  assumes  that  such  muscles  have  a  bitaieral 
representation  in  the  motor  area.*..  Suppose  in  Fig.49t|  B,  H',  to  rcjireaeTit  the  cerel>ral  ctnttx;  M, 
M,  motor  ctnircs  in  it ;  N,  N',  ncr\e  nuclei  in  the  spinal  cord  or  medulla  obloftjpua;  1*,  I'',  the 
pyramidal  ltsct.s  passing  tovpinal  nuclei  N,  N';  m,  m',  nerves  proceeding  from  the  laaL  i,  2,  3.4, 
5,  represent  different  lesions.  In  the  case  of  muscles  on  opposite  sides  of  (he  body,  wbt^  icl 
inde|>entlenlly,f.^.,  those  of  the  hand,  this  is  nil  the  mcchunism.  but  in  bilaicrally  associated  muscles 
there  is  another  mccliani&m,  viz.,  commissural  fibres  bctvreea  the  nerve  nuclei,  the  one  r  conduciUif 
from  right  to  lefi,  and  <"'  from  left  to  nght.  When  there  is  an  injury  at  I  or  3,  iiopolio  cao  sliUpiM 
from  Ihe  uninjurett  side  M  to  N'  and  through  <r'  to  the  muscles  m,  m'.  In  thia  way,  boUl  aiMda 
receive  motor  impulses  from  one  hemisphere  (A'aij).] 

Conjugate  deviation  of  the  eyes,  with  rotation  of  the  head,  is  frequently  |)reseiu  in  ibe  arly 
period  of  hemiplegia,  aitbnut;h  it  usually  disappears.  When  a  person  turns  his  head  to  one  side,  there 
is  an  asAocblcd  movement  of  certain  of  the  ocular  mu.<iclcs  with  those  of  the  neck.  The  hcul  acd  cya 
are  usoally  turned  to  Ihn  side  of  the  lesion  \  this  is  termed  "  conjugate  deviation,"  to  that  the  power 
of  voluntarily  moving  the  eyes  and  bead  (o  the  paralyzed  side  is  temporarily  iosL  The  unopposed 
musclc-t  rotnie  the  head  and  eyes  to  the  sound  side.  If  the  lesion  be  in  the  posterkir  paitm  the 
pons,  the  deviation  is  to  the  paralyzed  side  [I'rhfOJt). 

[Subsequent  Effects. — If  there  be  a  hemorrhage,  say  into  these  motor  regiotis.  or  ffOB  ikt 
tenticulo-striaie  artery,  so  as  to  compress  the  pyramidal  fibres  in  (he  knee  and  anterior  iwo>cUnlacf 
the  posterior  segment  of  the  internal  capsule,  then  thert*  is  usually  tunic  or  {icrsistent  cufitrscttm  ol 
the  muscles  affected.  These  tonic  spasms  may  accora|nny  the  hemorrhsge,  or  tx>mc  oa  a  few  difi 
after  it,  and  set  up  the  condition  of  early  rigidity.  'Fbe  coniraaion  or  spasm — if  any — ACCcapAsy- 
ing  the  heiiiorrha^e,  is  due  to  direct  irritation  of  the  pyramidal  fihrc»,  while  that  which  comes  on  • 
few  days  inter,  ami  usuaUy  lasts  a  few  weeks,  is  aUo  due  to  irritation  of  these  6lTes,  probchly 
produced  by  inflammatory  action  in  and  around  the  scat  of  the  lesion.  The  affected  limb  b  Mifl  snd 
resists  passive  movement.  After  a  few  weeks,  late  rigidity  sets  in  and  is  per^istem,  and  it  ischancte- 
i/ed  by  structural  changes  in  the  pyrtiinidal  paths  which  lead  to  other  results.  There  is  »ecoadvy 
descending  degeneration  in  the  pyramidal  tracts,  which  causes  "conlracttire  "  in  the  panUyMd 
limbs,  while  at  iTie  same  lime,  the  deep  or  tendinous  and  periosteal  reHexes  (ankle  clonus,  recisi 
clonu!,  end  the  deep  redcxcs  of  the  arm  tendons,  are  eKa(;ireraied).  The  spastic  rigidiry  tsmtuHj 
more  marked  in  the  arm  than  in  the  leg,  and  it  {generally  a^ects  the  ileitors  more  tboA  tbe  gKicn»a\ 
so  that  the  upper  arm  is  drawn  close  lo  the  trunk,  the  elbow,  arm,  and  fingcffi  flrxcd  ;  in  the  leg,  dke 
exteti£on>  of  the  Icf;  overcome  the  peronei.  Hiln^;  hnspoioted  ou(  that  the  con(ractiireisle9iaflm( 
sleep,  and  after  rest.  The  muscles  at  tir>t  can  be  stretched  by  sustained  pressure,  but  after  ■oottaof 
years,  structural  changes  occur  in  the  muscles,  ligaments,  and  tendons,  and  the  limbs  B—liiii  «|ia* 
moncni  and  characteristic  attitude.] 

In  hemiplegic  persons,  the  power  of  the  unparalyzcd  itdc  is  sometimes  dinUnisbed,  vbicb  is  ntf 
sulficleatty  explained  by  tbe  fact  that  some  hundles  of  tbe  pyramidal  tracts  lemain  on  the  Maitr  ttk 
{^Bnmm-Siquard,  Charcot). 

Acquired  Movements. — Some  movements  performed  by  man  are  learned  only  after  mvi 
practice,  and  arc  only  cumplcicly  brought  under  the  influence  of  the  will  after  a  lime,  attch  aatv 
movements  of  the  hind  in  learning  a  trade.  Such  movements  arc  re  acquired  only  very  slowly,  wra 
at  all,  after  injury  to  the  motor  areas  ill  which  they  are  represented.  Those  movements.  tio«nr!, 
which  the  body  (lerforms  without  previous  training,  such  as  the  associated  roovem''ntsof  tfieeyeoillt. 
the  face,  and  some  of  those  of  the  legs,  are  rapidly  recovered  after  such  an  injury,  or  (hey  wife 
but  little,  if  at  all.  Thus,  the  facial  muscles  seein  never  to  be  so  completely  paralyzed  aliei  a  kw^ 
of  the  facial  cortical  centre,  as  in  nffieciions  of  tbe  trunk  of  the  facial  nerve ;  tbe  eye  especially  on 
he  closed.     Sucking  movements  have  been  observed  in  heraiccphalmis  ftctuses. 

Degeneration  of  the  Pyramidal  Tracts. — After  destruction  of  the  cortiol 
motor  areas,  descending  degeneration  of  tfie  cortico-niolor  paths,  or  **  fyramidti 
tracts"  takes  place  (§  365).  Degeneralivc  changes  have  been  found  to 
within  the  while  matter  under  the  cortex  in  the  anterior  two-thirds  of  tb 
posterior  segment  of  the  internal  capstile,  [in  the  middle  third  of  the  crusta  (Fig 
493,  *,  4(j3,  L],  pons,  in  the  anterior  pyramids  of  the  medulla  oblongata  (FigJ 
493),  and  thence  they  have  been  traced  into  the  pyramidal  paths  (direct  ind] 
crossed)  of  the  spinal  cord  {Charcot,  Singfr).  It  is  evident  that  lesions  of  lhc« 
tracts  at  any  |>art  of  their  course  must  have  the  same  result,  viz.,  to  produce  hemi- 
plegia, (For  the  subsequent  clTects,  see  p.  699.)  In  a  case  of  congenital  atscocc 
of  the  left  forearm,  Kdinger  found  that  the  right  central  convolutions  were  ka 
developed. 
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It  is  doabUul  if  the  muscular  bcdsc  is  rtprescnted  in  the  motor  areas ;  Nothoagel  supposea  it  to 
be  located  in  ibe  temponl  p»netal  lobes.  It  is  la  be  noted,  however,  ibot  in  man  there  may  be 
general  loss  nf  the  muscular  s«nsc  or  of  motor  representations,  and,  on  the  other  hiind,  a  pure  motor 
paralysis  without  loss  of  the  former. 

Ataxic  motor  conditions,  similar  to  those  that  occur  in  animals  (p.  750),  lake  place  in  man,  and 
are  known  sa  cerehrai  ataxia. 

The  position  of  the  centres  is  given  at  p.  746. 

[But  we  may  have  localized  lesions  affecting  one  or  more  of  the  cortical 
motor  areas;  these  arc  called  monoplcgiBC.  Cases  in  man  are  now  sufficiently 
numerous  to  permit  of  accurate  diagnosis.]  Crural  monoplegia  [rare  lesions 
recorded  in  the  convolutions  at  the  upper  end  of  the  fi.ssure  of  Rolando,  and 
the  continuation  of  this  area  on  to  the  paracentral  lobule  of  the  marginal  convolu- 
tion], — brachio-crural,  more  common,  in  the  upper  and  middle  thirds  of  the 
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Sec4>fK)arT  dncradlng  degeneniion  in  tnUJdte  third  of  right  cms 
and  medulla,  after  d«uructlon  of  the  conical  motor  c«ntret 
oa  the  light  tklc. 


I 


HoriiODUl  Kction  of  the  ccTcliral  peduncle  in  iiecofid- 
ary  de|[encrali'>f)  of  the  iiynniidal  tr&cti,  where 
the  IcMon  was  limited  to  [he  middle  third  of  the  nos- 
lerior  •egmcnt  of  ihe  Imcmal  capMile.  F,  lieallhy 
cn»ia;  I.,  lociu  niser  ;  P,  interna)  third  of  Ihe 
CTUkUiDii  the  jt&c^uc J  ftidc;  D,  »cct}ndiiTy  degenera- 
tion in  (he  middle  third  of  the  crusu  :  CQ,  corpora 
quad ri gent Uu  adtb  tlie  iter  below  then. 


ascending  frontal  and  ascending  parietal  convolutions — brachial,  brachio-facial 
— facial,  the  last  in  the  lowest  part  of  the  central  convolutions. 

Faraly&is  of  the  muscles  of  the  neck  and  throat  indicates  a  lesion  of  th%  central  convolutions,  and 
so  does  peralyMS  of  the  muscles  of  the  eye.  Lciions  of  the  cortex  always  cause  »tmultaneous  move- 
ments of  thi;  bead  and  eyeballs. 

Irritation  of  the  Motor  Centres. — If  the  motor  centres  are  irritated  by 
pathological  processes,  such  as  hyperoemia,  or  inflammation  in  a  syphilitic  diathesis 
— more  rarely  by  tumors,  tubercle,  cysts,  cicatrices,  fragments  of  bone — there 
arise  spasmodic  movements  in  the  corresponding  muscle  groups.  This  condition 
of  a  sudden  d  ischarge  of  the  gray  inattcr  resulting  in  local  spasms  is  called  * '  Jack- 
sonian  cerebral  epilepsy. 

[Convulsions  and  spasms  may  be  discharged  from  motor  cortical  lesions,  and 
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these,  whether  they  afTcct  the  general  or  localized  areas,  give  rise  to  unitatcr&l  coa- 
volutions  and  monospasm  respectively.] 


Monospasm. — According  lo  the  scat  of  Ihc  .spasm,  ii  U  culled  facial^  brachial  erurat 
spasm,  etc.     Of  course  these  spasms  rmy  aflect  several  };roups  of  rnusclcs.     Uartliulow  and  " 
have  siiiiiulntcd  ihe  exposed  human  brain  succesi^fully  wilh  electricily. 

Cerebral  Epilepsy. — Very  powerful  stimulation  of  one  side  may  give  rise 
^//ii/(f/*rf/ spasms,  with  loss  of  consciousness.  In  this  case,  impulses  are  conduc 
to  the  other  hemisphere  by  commissural  fibres  (§  379). 


Sctaaaat^ 
isr  to^ 
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Movements  of  the  Bye. — Notliitig  definite  is  known  regarding  ihe  centre  in  the  cortex  for 
tary  {ontbiHtd  movfmenh  of  the  eyeballs  in  man.  In  paralytic  HffecUons  of  the  cortex  and  of  the 
paths  proceeding  from  it,  we  occasionally  find  both  eyes  with  a  lateral  dcviatioo.  If  the  panljrtlc 
aiTection  lies  in  one  cerebml  heniisphere,  the  conjugate  deviation  of  the  eyeballs  is  towirl  Ae 
sound  Mde  (p.  638).  If  it  is  situated  in  the  conducltng  patlis,  after  thcM  have  decussated,  vu.,  is 
Ihc  pon'4,  Ihc  eyes  arc  turned  toward  ihe  par-ilytcd  side  {PrH-ost). 

I  (  the  pan  t>c  irntaU-d  so  ob  to  produce  sjuisins  in  the  oppo&ile  ude  of  the  txxly,  of  conne  tb«  eya 
arc  turned  in  ihc  direction  opposite  lo  that  in  pure  poralyu.^.  Instead  of  the  lalcrml  dcruoian  of  the 
cycbnils  already  described,  there  is  occasionally  in  cerebral  paralysis  merely  a  weakmmg  ei  tbf 
lateral  recti  mu^iclcE,  so  that  during  rest  the  eyes  are  not  yet  turned  toward  the  sound  Mde,  bM  thff 
cannot  be  turned  strongly  toward  the  affected  side  {Leichtenstfpn,  I/uhhihi).  The  courc  fcr  ibi 
levator  palpcbne  superioris  appears  to  be  placed  in  the  angular  gyrus  (  Grauett  Landouzy), 

II,  The  Centre  for  Speech. — The  investigations  of  Bouilland  [1835].  Dax 
[1S36],   Broca  [1S61],    Kussmaul,   Broadbcnt   and  others  have  shown  that  the 
third  left  frontal  convolution  of  the  cerebrum  (Kigs.  4S4,  F3,  and  4SS)  is  of 
essential  importance  for  speech,  while  probably  the  island  of  Reil  is  also  concerned. 
Tlie  island  is  deeply  placed,  and  is  seen  on  lifting  up  the  overhanging  part  of  the 
brain  called  the  operculum,  lying  between  the  two  branches  of  the  Sylvian  fissure 
(S).     The  motor  centres  for  the  organs  of  speech  (lips,  tongue)  lie  in  this  region. 
and  here,  also,  the  psychical  processes  in  the  act  of  speech  are  completed.     In  the 
great  majority  of  mankind,  the  centre  for  speech  is  located  in  the  ieft  hemisphere^ 
The  fact  that  most  men  are  righZ-kamied  a\^o  points  to  a  finer  construction  of 
motor  apparatus  for  the  upper  extremity,  which  must  also  be  located  in   the  le 
hemisphere.     Men,  therefore,  with  pronounced  rij^ht-handedness  {**ATo\ieT%")\ 
evidently  Uft-braimd  (**  gauchcrs  du  ccrveau" — Broca).     By  far  the  greater  nam- 
licr  of  mankind  are  '*  left-brained  speakers^  *  {Kussmaui^  \  still  there  arc  exceptions 
As  a  matter  of  fact,  cases  have  been  observed  of  (eft-handed  persons  who  lost  their 
power  of  speech  after  a  lesion  of  the  riglu  hemisphere  iOgie).     Investigations  on 
the  brains  of  reii>arkab]e  men  have  shown  that  in  them  the  third  frontal  convoIa«^H 
tion  is  more  extensive  and   more  complex  than  in  men  of  lower  mental  calibrft^H 
In  deaf  mvites  it  is  very  simple  j  raicrocephales  and  monkeys  possess  only  a  nidi'^^ 
mentary  third  frontal  {Hiidinger). 

The  motor  tract  for  speech  pnsse-^  along  the  upper  edge  of  the  island  of  Reil,  then  into  tW 
substance  of  the  liciiiisphtrc^  irtcroal  to  the  posteriur  algc  oT  the  knee  of  the  mtemal  capmlc|  ' 
llience,  through  the  crusia  of  the  left  cerebral  peduncle  into  the  left  half  of  the  ]h>»s,  where  ifC 
then  into  the  medulla  oblongata,  which  is  the  place  where  oil  the  motor  oervet  i^trigeninu 
hypoglossal,  vngus  and  the  respiratory  nerves)  concerned  in  speech  arise.     Total  destndioo  Ot  I 
paths,  therefore,  cause  total  aphasia  ;  while  partial  destruction  caoses  a  greater  or  lesis  distiirbaaerfl 
the  meclianiun  of  articulation,  which  has  been  called"  anartbria"  by  I.«ydea  and  Wemldte. 


tim--^ 


Conditions. — Three  activities  are  required  for  speech — (i)  the  normal  mor 
raent  of  the  vocal  apparatus  (tongue,  li|js,  mouth  and  respiratory  appjiratus) ; 
a  knowledge  of  the  signs  for  objects  and  ideas  (oral,  written  and  imitative 
mimetic  signs)  ;  (3)  the  correct  union  of  both. 

Aphasia  («  priv.  and  tfaai^  speech) — Injury  of  the  speech  centre  causes  cither 
a  loss  or  more  or  less  considerable  disturbance  of  the  power  of  speech.  The  loss 
of  the  power  of  speech  is  called   ^*  aphasia.*^     [Aphasia,   as  usually  understood. 
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means  the  partial  or  complete  loss  of  the  power  of  articulate  speech  from  cerebral 
causes.] 

The  following  forms  of  aphasia  may  be  disUnguisbcd : — 

I.  Ataxic  aphasia  (or  the  oro-ltngual  hcmiparcsis  of  Ferrier),  »'.  f.,  Ihc  loss  of  speech  owing  to 
inability  to  exfcuie  the  various  movemenis  of  the  mouth  necesury  for  speech.  Whenever  such  a 
[jtrnon  attctnpbt  to  5])cak,  he  merely  executes  lnc^•'^rdinated  grimaces  and  utters  inarticulate  sounds. 
[The  muscles  concerned  in  orticulaiion,  however,  are  not  j»aralyzed,  but  there  is  an  absence  of 
co6rdinaiiun  of  theK  muscles  due  to  disease  of  the  cortical  centre.]  Hence,  the  patient  cannot 
repeat  what  is  said  to  him.  Nevertheless,  the  psyehical  processes  necessory  for  s^ieech  arc  completely 
retained,  and  all  words  are  remembered ;  and  hence,  these  persons  can  still  give  exprciiston  to  their 
thoughts  graphically  or  by  writing.  If,  however,  the  finely  adjusted  movements  necessary  for 
writing  are  los^i,  owin(>  lo  an  aHcction  of  the  centre  for  the  hand,  then  there  arises  at  the  same  time 
the  condition  uf  agraphia,  or  inability  to  execute  those  movement5  necessary  for  writing.  Such  a 
person,  wlien  he  desires  to  express  his  ideas  in  writing,  only  succeeds  in  making  a  few  unmtclHgjble 
scrawls  on  the  paper.  Occasionally  such  patients  -luffcr  from  Iom  of  the  power  of  imitation  or  the 
execution  of  particular  movements  of  the  limbs  and  body  constituting />fl«/(»w«)W^  Bj)c<ch  or  amimia 

a.  Amnesic  Aphasia,  or  Loss  of  the  Memory  of  Words. — Should  the  patient,  however,  hear  the 
wonl,  its  signiticance  recurs  lo  him.  The  movcmcnls  necessary  for  speech  remain  intact;  hence, 
such  a  patient  can  at  once  repeat  or  write  down  what  is  said  to  him.  .Sometimes  only  cenain  kinds 
of  wofd^  are  forgotten,  or  it  may  he  even  only  parts  of  certain  words,  so  that  only  jwirt  of  these 
words  is  spoken.  [^Nouns  and  proper  names  usually  go  first.]  Cases  of  amnesic  aphasia,  or  the 
mixed  ntaxic-amneiiic  form  of  disturbance  of  speech,  poitit  to  a  lesion  of  the  third  frontal  convolu- 
tion and  of  the  island  of  Reil  on  the  left  side.  ArK>thcr  form  of  amn>ei>ic  ophnsia  consists  in  this 
that  the  words  remain  in  one's  memory-  but  do  not  come  when  they  are  wanted,  /.  e.,  the  association 
between  the  idea  and  the  proper  word  to  give  expression  to  it  v*  inhibited  [A'uijmaul).  It  is  common 
lor  old  persons  to  forget  the  names  of  jwrsons  or  proper  names;  indeed,  such  a  phenomenon  is 
common  withm  physiological  limits,  and  it  may  ultimately  pass  into  the  pathological  condition  of 
mmnesia  senilis.  Among  t}ic  disturbances  of  speech  of  cerebral  origin,  Kuuimaul  reckons  the 
following ; — 

3.  Paraphasia,  or  the  inability  to  connect  rightly  the  ideas  with  the  proper  words  to  express  the>e 
ideas,  so  thai,  iustea«l  of  giving  expression  to  the  proper  ideas,  the  sensv  may  l>e  inverted,  or  the 
form  of  words  may  be  unintelligible.  It  is  at  if  the  person  were  continually  making  a  "slip  of  the 
UMigue." 

4.  AgrammatiBm  and  ataxaphasia,  or  the  inability  to  form  the  words  grammatically  and  to 
arrange  them  ^lynthcticnlty  into  s<:ntcncL>.      Besides  these,  there  is — 

J.  A  patbologKMl  slow  way  of  speaking  (bradyphasutl,  or  a  pathological  and  Muttering  way  of 
reoding  (tumultus  sermonis),  bothconditiun''  being  due  to  derangement  of  the  cortex  \hiusimaul), 
'I'he  disturbance-i  of  speech  depending  essentially  upon  nffections  of  the  ptriphtml  ner\*es,  or  ot 
the  moscles  of  the  organs  of  the  voice  and  speech,  are  already  referred  to  in  \\  319.  349,  and  354- 

[In  word  blindness,  the  person  cannot  name  a  letter  or  a  word,  so  that  he 
cannot  iindersland  symbols,  such  as  printed  or  written  words,  or  it  may  be  any 
familiar    objec t^    al< 

though     he     can      see  ^"^-  494-  F'c  495- 

([uitc  well,  while  he 
can  speak  fluently  and 
write  correctly.] 

[In  word  d  e  a  f - 
nesSf  the  person  hears 
other  sounds  and  is  not 
deaf,  but  he  does  not 
hear  words.] 

[I'he  stady  of  aphasia  in 
its  various  forms  is  simpliRe>.l 
by  a  study  of  the  mode  ui 
acquisition  of  language 
by  a  child.  The  child  bears 
spoken  words  and  olitains 
auditor)'  memories  or  impres- 
siotts  of  these  sounds  (called  l)y  Lichilieim  "auditory  word  representations "),  and  this  must 
H   form  the  starting-point  of  language,  and  by  and  by  it  begins  to  coordinate  its  muscles  to  produce 


I 
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Schemes  of  aphatift. 
B.  peic 
ttulm). 


A.  centre   Tor   autttlory   [rna|[ea;    M,  for  raoior  inuic*  ; 
B.  peiccpUoii  ccnlrr :  Or,  eye;    E,  rcadini  centre;  1  to  7,  le»iom  (ZiVA- 
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Kit:.  496. 


sounds  imiutive  of  these.  Thus  we  have  two  centres,  one  for  "auditory  image*"  (Fig.  49^  < 
■ml  the  other  for  "  motor  imaees"  (Fig.  494,  M),  and  ihrse  two  rou»t  be  connccie<I.  ihas 
tishing  a  reflex  arc.  There  is  a  receptive  and  an  emissive  department  u  reprcxnted  in  the  i 
SVe  must  asMune  the  existence  of  a  higher  ccnirc  [li),  "  m  which  concepu  arc  elaborated,"  ' 
these  sounds  beome  iuteiligible.  Volitiuiial  language*  rc-juiret  a  connection  between  B  md  M,  w 
weU  OS  between  A  and  M.  Hut  wc  have  also  reading  and  writing.  Suppose  O  to  repiwat  a 
centre  for  visual  imprcuions  (printed  words  or  writing) :  ibcse  wc  can  understand  ihroogb  the  oo»- 
nection  between  such  vivuat  impressions  and  auditory  impressiooK,  vrhtnhy  a  path  is  cst^isfaej 
through  OA  ( Mg.  495).  In  reading  aloud,  however,  the  oro-lingual  muscles  must  be  cofirdtiiated. 
so  we  have  the  [lalh  OAM  opened  up.  In  writing,  or  copying  written  chiraciers,  the  movrmrntsof 
the  hand  are  special,  and  perhaps  require  a  spect.il  centre,  or  ot  least  a  special  arrangemeDt  of  tbe 
channeb  for  iinpulM:&  in  the  cenUe ;  the  movements  arc  learned  under  the  guktancc  of  ocular  ua|jro- 
sions,  so  we  connect  O  and  E,  E  being  the  centre  guiding  the  niovemcnls  in  writing.  As  le 
volitional  writing,  the  impulse  posies  through  M  — but  does  it  [>asK  directly  to  K.  or  indirectly  tluoo^ 
A  ?  lichthcim  assumes  that  it  goes  direct  from  M  to  K.  It  is  evident  that  ihtre  or^^  seven  dMOMb 
wlUch  may  he  interrupted,  each  one  giving  rise  to  a  different  form  of  aphasia  (i  to  7).] 

[Ixnkcd  at  from  another  ^xiint  of  view,  cither  the  ingoing  (a)  or  outgoing  (m)  chaooets  or  centres, 
or  the  commissural  fibrrs  Itctwcen  both,  may  lie  affected  If  llie  motor  centre  is  affected,  we  hs»e 
Wernicke's  "motor  aphasia;"  if  the  5<iisor>-,  his  "  sensory  aphaaia.*'} 

[In  the  mo^t  common  form,  or  ataxic  aphasia  (A'ttjfmuM/).  which  was  that  (^CKribed  hf  Bvoca, 
or  the  "  motor  aplinsio  "  of  Wernicke,  the  lesion  is  in  Hg.  494,  in  M.,  i.  t.,  in  the  motor,  or  wh« 
Ross  calls  the  cmi^ive  department.  In  such  a  case,  it  is  oljvious  that  there  will  lie  loas  of  (l)  vdl' 
tiooal  speech,  (2)  repetition  of  words,  (3)  reading  aloud,  t4)  volitional  writing,  and  \^)  wnung  M 

dictation;  while  there  will  exist  («i)  undentfiawK 
of  spoken  words,  (^)  also  of  written  words,  {e)  na 
tbe  faculty  of  copying.  If  the  le.<cion  be  in  A,  vc  hsvt 
the  "sensorial  aphasia"  of  Wernicke,  i.  e.,  io  tie 
acoustic  word  centrr;  wc  find  loss  of  1 1 )  undenlan^ 
ing  of  spoken  langiuige,  (2^  idso  of  written  langosgc, 
(3)  faculty  of  repenting  words,  (4)  and  of  wriliog  to 
dictaliufi,  (5)  and  of  reading  aloud;  there  will  cabS 
{a)  the  faculty  of  wiitinif.  (^)  of  copying  word*,  and  [t) 
of  volitional  speech,  liut  the  volitional  spc«ch  is  iaiipcr> 
feet,  the  wrong  word  bring  often  use»l.  so  thai  there  is 
the  condition  of  "paraphasia."  If  the  conneetloB 
Iwrtween  A  and  M  lie  destrnyed.  other  rrsults  will  foflcnr, 
and  such  coses  of  "commissural"  ajilia^'ia  have  bees 
described  by  Wernicke.  If  lite  tolemi{)iion  li«  belweca 
H  and  M,  we  have  a  not  uncommon  variety  of  DOlw 
aphosin  (4),  when  there  is  lois  of  (J  j  volitional  speeck, 
and  (2)  volitional  writing,  and  there  exist  [a\  antt*r- 
standing  of  sfioken  language,  (A)  of  written  language, 
(>)  and  the  faculty  of  cojiyinig;  Uit  it  differs  frva 
Broca's  aphasia  in  that  there  abo  exb^ts  ihr  faculty  (tl^ 
of  repeating  words,  {r\  of  writing  to  dictation,  if]  cbI 
of  reading  aloud.  If  the  lesion  is  in  Mn  (5),  l&c 
>*ymploms  will  be  those  of  Broca's  aphasia,  Itit  tlxre 
will  exist  (t)  the  faculty  of  volitional  writing, 
of  writing  to  dictation.  Many  examples  uf  tin- 
where  patients  have  lost  the  faculty  uf  speaking.  Ua 
can  express  their  thoughts  in  wiiting.  In  lesions  of  tkc 
path  A  H  (6),  there  will  be  loss  of  (t)  underOMdiH 
of  spoken  language,  and  (2)  of  written  laocvsgcaaa 
there  will  exist  (d)  volitional  sjieech  (hut  H  win  k* 
porAphasic),  [h)  volitional  wriUr^;  (but  it  will  hat-elbe 
characlrrfi  nf  paragraphia),  (r)  the  faculty  <if  ie)«aiiotf 
words,  (</)  reading  aloud,  {e)  writing  to  dictalioa^SM 
(/\  power  of  cojiying  words.  Tbe  penoo  will  be 
quite  unable  to  understand  what  he  repeats,  reads  aloud,  or  copies.] 

[Kig.  496  shows  didgrainmaticully  the  coiidilious  in  motor  and  sensory  aphasia.     From  tbe  rf« 
and  car  centri])ctal  fibreii  (v  and  a)  ascend   to  tcmiinale  in   the  vi.tual  (V)  and  aUidttor>  '     "  ~     ' 
in  the  corlu,  while   aflerent  tibres  (s,  s**.  s''),  indicated   by  dotted  lines,  olso  pass  froni 
lions,  muscles  of  the  hand,  an<]  orbit  to  the  cerebrum,     'llie  dotted  lines  on  the  vatimcc  ■. . 
represent  the  ossocialion  system  of  fibres  which  connects  the  centres  with  each  other.     'Ibe  r^iirr* 
£jr  voul  (V)  aikd  written  expresMon  (W)  ore  conneaed  by  ceutrifugal  tibrcs,  in  and  »',  wtthi^ 
liand  and  larynx  respectively  (/"om).]  ^^^ 
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III.  The  ttaerinal  centre  for  the  extremities  is  assodaled  with  the  motor  areu  (|  377).  Injury 
or  degeneralion  of  these  nreas  cai«cs  inequality  of  the  temperature  on  both  sides  (IterJi/rrrKt). 

IV.  The  sensory  jegions  are  those  areas  in  which  conscious  perceptions 
of  the  sensory  impressions  are  accomplished.  Perhaps  they  are  the  subslraliim  of 
sensory  perceptions,  and  of  the  memory  of  sensory  impressions. 

1.  The  visual  centre,  according  to  Munk,  includes  the  occipital  lobes  (Fig. 
4S4,  o',  o*,  o'),  while,  according  to  Ferrier,  it  also  includes  the  angular  gyrus. 
Hugucnin  observed,  in  a  case  of  long-standing  blindness,  consecutive  disappear- 
ance of  the  occipital  convolutions  on  both  sides  of  the  parieto-occipital  fissure, 
while  Giovanardi,  in  a  case  of  coogenital  absence  of  the  eyes,  observed  atrophy  of 
the  occipital  lobes,  which  were  separated  by  a  deep  furrow  from  the  rest  of  the 
brain.  Stimulation  of  the  centre  gives  rise  to  the  phenomena  of  light  and  color. 
Injury  causes  disturbance  of  vision,  especially  hemiopia  of  the  same  side  (§  344 — 
Westphal^.  When  ont  centre  is  the  seat  of  irritation,  there  is  photopsia  of  the  same 
halves  of  both  cyc^  {Char(ot).  Stimulation  of  both  centres  causes  the  occurrence  of 
the  phenomena  of  light  or  color,  or  visual  hallucinations  in  the  entire  field  of  vision. 
Casesof  injury  to  the  brain,  where  the  sensations  of  light  and  space  are  quite  intact, 
and  where  the  color  sense  alone  i-s  abolished,  seem  to  indicate  that  the  color  sense 
centre  must  be  specially  localized  in  the  visual  centre  {Sam^/sohfi).  After  injury  of 
certain  parts,  especially  of  the  lower  parietal  lobe,  "  psychical  d/imfnfss*'  may  occur. 
A  special  form  of  this  condition  is  known  as  "word  blindness"  or  alexia 
(Coecitas  verbalis),  which  consists  in  this,  that  the -patient  is  no  longer  able  to 
recognize  ordinary  written  or  printed  characters  (p.  761). 

Charcot  records  an  inlere<iting  case  of  psycliicnl  blindness.  After  a  violait  paroxysm  of  rage,  an 
inleIHgrnI  man  -tiiddenly  lost  the  memory  of  vifiual  impres-ttons  ^  all  objects  ^perftnns,  streets,  houses) 
which  were  well  known  to  him  appeared  to  be  quite  strange,  so  thai  be  did  not  even  recognize 
himself  in  a  mirror.     Visual  perceptions  were  entirely  nlMent  from  hiv  dreams. 

Clinical  observatlonj  on  hemianopia  (^  344)  show  that  the  field  of  vision  of  each  eye  is  divided 
into  a  loiter  outer  and  a  smaller  inner  portion,  separated  from  each  other  by  a  vertical  line  passing 
through  the  mncuU  luteo.  Each  right  or  left  half  of  both  visual  fields  is  relnted  to  one  hemisphere ; 
both  left  halves  are  projected  upon  the  left  occipital  lobes,  and  both  right  upon  the  right  occipital 
lnl>e»  {Fig.  487).  Thus,  in  hinofular  vision,  every  picture  (when  not  too  small)  must  be  »ecu  in 
two  halves;  the  left  half  by  the  left,  ihe  right  half  by  the  right  hemispliere  (  WetyncAt). 

As  a  rcxuU  of  pathological  stimulation  of  the  visual  centre,  especially  in  the  insane,  visoal  spectres 
may  be  produced.  Pick  absenred  a  case  where  the  hallucinaltons  were  con6ned  lo  the  right  eye. 
Ceicbrated  examples  of  ocular  spectra  occurred  in  Cardanus,  Swedenborg,  Nicolai,  J,  Kemcr,  and 
HAlderlin. 

After  degeneration  of  the  cortical  centre,  the  fibres  which  connect  the  occipital  lobes  with  the 
external  geniculate  txxly,  the  anterior  corpora  quadrigemina,  putvinar.  these  structures  themselves, 
and  the  origin  of  the  optic  tract  undergo  degeneration  {v.  Ahnakina). 

2.  Tlic  auditory  centre  lies  on  both  sides  (crossed)  in  the  temporo-spheaoidal 
lobes  [according  to  Ferrier  in  the  superior  temporal  convolution];  when  it  is 
completely  removed,  deafness  results,  while  partial  (left  side)  injury  causes  psychical 
deafness.  [See  p.  754  for  contradictory  results.]  Among  the  phenomena  caused  by 
partial  injur)'  is  surditas  virlmlis  (word  deafness),  which  may  occur  alone  or  in 
conjunction  with  coecitas  verbalis.  Wernicke  found  in  all  cases  of  word  deafness 
softening  of  the  first  left  temporo-sphenoidal  touvulution  (p.  754).  In  left-handed 
persons,  the  centre  lies  perhaps  in  the  right  temporo-sphenoidal  lobes  (^IVestphai). 

Clinical. — We  may  refer  word  blindness  and  word  deitrness  to  the  nphataiic  group  of  diseases, 
in  so  far  as  ihcy  rest:mble  the  nmncsic  form.  A  pcnon  word  blind  or  word  deaf  resembles  one  who 
in  early  youth  h.is  learned  a  foreign  tongue,  which  he  has  completely  foi^lten  at  a  later  period. 
lie  hears  or  reads  the  words  and  written  characters ;  he  can  even  repeat  or  WTile  the  words,  but  he 
has  completely  lost  the  significance  of  the  signs.  While  an  amncsic-ophasic  jKrson  has  only  lost 
(he  key  to  open  his  vocal  treasure,  in  n  person  who  is  word  blind  or  word  deat  even  this  ii  gone. 
From  a  case  of  recovery  it  is  known  that  to  the  patient  the  words  sound  like  a  confused  noise. 
Iluguenin  found  a'.ix>phy  of  the  tempnro-s[.ihenoidal  lo(>cs  after  long- continued  deafness. 

3.  Gustatory  and  Olfactory  Centre. — In  the  uncinate  gyrus  on  the  inner 
side  of  the  temporo-sphenoidal  lobe  (especially  on  the  inner  side  of  that  marked 
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U  in  Fig.  480),  Fcrrier  locates  the  joint  centres  for  smcU  and  taste.     These 
centres  do  not  seem  to  be  distinct,  locally,  from  each  other. 

4.  Tactile  Areas. — According  to  Tripier  and  others,  all  the  tOitiU  ccfeb  

fields  from  difTurent  parts  of  the  body  coincide  with  the  motor  cortical  centres  for 
these  parts  [compare  p.  755]. 

Oecasionally,  in  epileptics,  Mrong  stimulation  of  the  Mnsory  centres,  as  expresKd  in  the  excaBit 
fitibjcclivtr  scnsalions,  accotiipauics  ihv  spa&niodic  oitacki  (compare  \  393,  12).  Such  epilepiifofai 
hnllucinaiions,  however,  occur  without  spasms,  and  ore  accompanied  only  by  dUmrbwtces  of  god- 
sc)ousDCS9  of  very  shoit  duration  {Burger). 

Course  of  the  Sensory  Paths. — The  nerve  fibres  which  condtict  impulbei 
from  the  sensory  (jrgans  to  the  sensory  cortical  centres  pass  through  the  postetitr 
third  of  the  posterior  limb  of  the  internal  capsule  between  the  optic  thalamus  and 
the  lenticular  nucleus  (Fig.  500,  S).  Hence,  section  of  this  part  of  the  inlemal 
capsule  causes  hemianesthesia  of  the  opposite  half  of  the  body  {Chareof).  In 
such  a  case,  sensory  functions  are  abolished — only  the  viscera  retaining  ihetr  sensi- 
bility. There  may  also  be  loss  of  hearing,  smell,  and  taste, — and  hemiopia  {Jink- 
terew). 

Patholog'ical  — Tn  cases  where  there  it  more  or  \vss^  injuiy  or  degeneration  of  these  pathi.  tbcre 
is  a  Corresponding  greater  or  less  pronounced  loss  of  the  pressure  and  temperature  Fenac,  <>f  iW 
cutaneous  and  muMnitnr  sen»il>ili1y,  of  taste,  smetl,  and  bearing.  The  eye  is  rnrely  quite  blind,  bat 
the  sharpness  of  vision  is  interfered  with,  the  6eld  of  vnsion  is  narrowed,  while  the  color  tensenqr 
be  parti:iUy  or  complelcly  lost.     The  eye  on  the  same  side  may  suffer  to  a  flight  extent. 

V.  Numerous  cases  of  injury  of  the  anterior  frontal  region,  withoai  inter- 
ference with  motor  or  sensory  functions  have  been  collected  by  Charcot,  Fcrrier, 

and  others.    On  the  other  hand, 
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cnfeeblcment  of  thcintelligernc 
and  idiocy  are  often  observed 
in  acquired  or  congenital  de- 
fects of  the  prefrontal  r^ion. 
In  highly  intellectual  men,  ~ 
dinger  found  in  addition  a  c 
siderable  development  of 
temporo-sphenoidal  lobe.  Ac- 
cording to  Flcchsig,  there  is  DO 
doubt  that  the  frontal  lobes  and 
the  tcmpnro-occipital  zone  are 
related  to  intellectual  proceses, 
more  especially  the  "higher" 
of  these. 


ion. 


Topography  of  the  Brain.— TV 

relntiuns  of  the  chief  tv»ura  and 
convolulinn»  of  tlic  btoiti  to  the  air- 
face  of  the  skull  are  given  in  Y%. 
4S4,  the  Iwain  being  represented  after 
tcker.  [Turner  and  uthcrs  hat 
l^ivcn  minute  dlrcclinns  for  (iDdiaf 
the  position  of  the  different  ccvmla' 
tioiia  by  reference  to  the  Mtvrca  a*c 
other  prominent  parts  of  the  sk&IL 
The  annexed  diagram  by  K.  W. 
Reid  shows  the  rcUtions  of  the  eu»- 
volutions  to  cenain  fue«l  Udcs  |F^{. 

497y 

[The  position  of  the  fiaaure  of  Ro- 
lando, where  its  uj^ier  end  job»  tkr 
great  longitudinal  ftasuie,  it  o^ 
tuned  by  measuriDg  on  the  Kalp,  K,  in  the  middle  line,  the  distance  l^ween  the  glabella  Md  1^ 
external  occipital  protobenmce,  or  the  mion,  which,  in  ordinary  beads,  varies  from  ii  to  13  inete 


Rel»ii»n  of  the  RnurM  and  convolutions  to  llie  lur^Aie  or  the  iolp. 
t-  ,  nio«t  proniincitt  (liiit  uf  the  p>riet»l  ecnrnencc;  a,  convex 
line  houn<|[ng  (>anct.)l  IoIk  bdow .  ^.convex  line  buundini;  the 
icaitioni-kphcnoidid  lobe  behind  \.K.  tV.  Jteti/). 
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(F^.  499).  Meiutired  from  before  backward,  along  this  line,  the  distance  from  the  glabella  to  the 
top  of  the  fissure  is  55-7  per  cent  of  ilie  Imgth  of  the  whole  line.  The  direction  of  the  fissure  is 
downward  and  forward,  aiid  the  long  axis  uf  th«  fissure  fonnii,  with  the  overage  mesial  hnc,  an  angle 
of    67°,  the  angle  opening  forward.     It*  average  length  is  3^^  inches.] 

[The  fissure  of  Sylvius  Is  found 
by  drawing  a  line  from  the  external 
angular  process  of  the  froninl  hone 
backwanl  to  the  occipital  protuber- 
ance, taking  the  nearest  toule  between 
these  two  |>oinl&.  A  point  I  }i  inch 
backward  from  the  angular  proceai 
along  thi!>  line,  marks  the  origin  of 
the  Hs^urc:  wliile  n  straight  line 
drawn  to  tne  centre  of  ihiz  parietal 
eminence  morkn  the  cuurse  of  its 
posterior  limb.  Thr  parietooccipital 
bssure  will  t>e  twu  inches  behind  the 
upper  end  of  the  Roiandic  Rssure 
(A.  ;K  //arf).] 

[Corpus  Callosum. — It  is  usually 
stated  that  the  corpus  callosum  con- 
nects the  convulutions  of  one  side  of 
the  brain  with  those  on  the  other,  i.  f., 
that  it  is  an  inrcrhemisfherical  com- 
missure. [).  J.  (familtun,  however, 
is  of  opinion  that  it  is  not  an  inter- 
hemispheric  commissure,  but  is  due  to 
cortical  fibres  coming  from  the  cortex 
cerebri  to  be  connected  with  ihc  banal 
ganglia  of  the  opposite  side.  On  Ihis 
view,  the  "corona  radial.),"  as  usually 
underelood,  cunsisls  only  of  the  tibres 
which  pass  from  the  cerebral  i>cdoncle 
ttireclly  up  to  the  cortex  on  the  same 
side,  and  arc  contained  in  the  poste- 
rior division  and  knee  of  the  internal 
capsule.  They  correspond  to  the 
motor  pyramidal  tracts,  Hamilton 
maintains  that  all  the  other  fibres  of 
the  internal  capsule  pass  into  the 
crossed  callossl  tract,  and  instead 
of  running  directly  up  to  the  cortex 
on  the  same  side,  cross  in  the  corpus 
callosum  to  the  cortex  of  the  op[X}silc 
side.  Iteevor,  relying  on  the  exam- 
ination of  the  Iwain  of  monkeys,  by 
Weigert's  method,  denies  that  any 
fibres  of  the  corpus  caElosum  pass 
into  the  external  or  internal  capHules, 
and  he  support;*  the  old  view  that  the 
corpus  caUosum  is  a  commissure  be- 
tween the  two  hemispheres.] 

EtIj  observer!  a  case  of  its  almost 
complete  dcMruciiin  without  anyojn- 
siderablc  etlect  00  motility,  co5rdi' 
nation,  senMbility.  reflexes,  senses, 
speech,  or  any  marked  impairment  of 
intelligence. 


The  fiwurctof  RoLindo  and  Sylvius  are  marked  as  bra^d  dnrk  Una. 
The«H»ded  circles  mnrlt  approximately  ilie  motor  krcaa,  1,  lower 
extremity;  a,  3,  4,  s,  6,  ann  n,  ^.T,  i^,  upper  extremity  ;  7,l«9,lo, 
11,  t>rD-liiii[iiaI  mu*ciu  (W.  f^.  Hart). 
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379.  BASAL  GANGLIA 
—  MID  .  BRAIN.  —  [The 
corpus  striatum  consists  of 
two  parts,  an  intra-vcniricular 
purliun  projecting  into  the 
lateral  ventricle,  the  caudate 


Head,  ikull,  and  cerebral  &uur«c.  OPr^  occlpllal  protuberance : 
KAf.cxlcriial  luigtiUr  procei*;  SF,  Sylvian  fl-niure  ;  A.  its 
aiccmliiiK  limti ;  FR,  1ii*ure  of  Kolaiido ;  I'E,  parieul 
eminence;  MMA,  middle  meningeal  artirry;  I'S,  lip  uf 
tempo«v->phcnu(dal  lol-c ;  H,  tlri^ica's  convolution:  IF,  tn< 
Tcrior  frontal  lutcus;  PDl',  paHelo-occlpiial  Auure;  IPF, 
imra-parielat  lulctta  [A.  ft'  Hart). 
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nucleus,  and  an  extra-ventricular  portion,  the  lenticular  nucleus.     Between 

the  head  of  the  caudate  nucleus  internally,  and  the  lenticular  nucleus  externally,  I 
lies  the  anterior  division  of  the  internal  capsule.  The  fibres  which  pas  between  ' 
these  ganglia  do  not  seem  to  form  connections  with  them.  The  exf>anded  head 
of  the  caudate  nucleus  is  in  front,  and  lies  inside  and  around  the  front,  of  the 
lenticular  nucleus,  with  which  and  the  anterior  perforated  space  it  is  coDtinuoti5 . 
it  sweeps  backward  into  a  tailed  extremity,  which  nearly  surrounds  the  lentiailar 
Bucleus  like  a  loop.  The  lenticular  nucleus  is  biconvex  in  a  horizontal  section, 
but  triangular  and  subdivided  into  three  divisions  when  seen  in  a  vertical  section 
(Fig.  501).  The  older  observations  on  the  corpora  striata  in  man  niay  be  dis- 
missed, as  a  distinction  was  not  drawn  between  injury  to  its  two  parts  on  the  one 
hand  and  the  internal  capsule  on  the  other. 

[The  caudate  nucleus  and  lenticular  nucleus  in  their  development  arc 
coordinate  with  the  development  u(  the  cortex  cerebri.     Electrical  stimulation 
of  these  ganglia  causes  general  muscular  contractions  in  the  opposite  half  of  th^H 
body,  which  are  due  to  simultaneous  stimulation  of  the  neighboring  cortico-muri^H 
cular  paths.     The  same  result  is  obtained  as  if  all  the  motor  cortical  centres  were^^ 
stimulated  simultaneously.] 

Gilky  did  not  observe  moveinents  on  slimulaling  the  corptts  Btriatam  ia  rat>bits;  it  would  Mcm 
thftt,  in  these  aniniAU  the  motor  p.iths  do  not  irnverse  these  ganglia,  bat  merely  paiss  sloa^ile  of 
them. 

[Lesions  of  the  lenticular  nucleus  or  of  the  caudate  nucleus  do  not  seem 
give  rise  to  any  permanent  symptoms,  provided  the  internal  capsule  be  not  injuri 
Destruction  of  the  interna)  capsule,  however,  causes  paralvsis  of  motion  or 
sibility,  or  both,  on  the  opposite  side  of  the  body,  according  to  the  part  of 
which  is  injured.     The  corpus  striatum  is  quite  insensible  to  paiofal  stimuUtii 

Pathological. — In  nuin,  n  tcston,  not  loo  small,  destroying  the  anterior  pari  of  the  corpus  flri«tun 
is  followed  by  jjcrmaneni  paralyis  of  the  opposite  side,  provided  the  internal  capsule  i«  iDJured.  hm 
the  paralyttis  gradually  diiuppcars,  if  the  tenUcuInr  and  caudate  nucleus  only  are  afTectcd  lOifocNft 
S  3^5)-     Sometimes  there   h  djlolalion  of  the   blood  vessels  in  consequence  of  vasomotor  poraljrw 
(I  377)  if  ^^^  posterior  [>art  is  injured  {JVvthna^ei) ;  redness  and  a  tli|*luly  increased  tcropenmre  of 
llic  paralyzed  extremities,  at  letot  forn  certain  time;  swelling  ur  crdemaof  the  extre-miiies;   sweatuit;. 
anomalies  ot'  the  puUe  detectable  by  the  sphygmograph ;  decubitus  aculus  on  the  imralyKd  udc; 
abnonnaliiics  of  the  nails,  hair,  sk.in ;  acute  intlammattoo  of  joint*,  eipccially  of  the  iboutder.     I 
contracture  or  permanent  conimction  of  the  paralyzed  muscles  ukes  place  {//ttgid^nm,  Cha 
In  some  casei  there  is  cutaneous  un'-esthesJa,  and  occasionally  enfceblement  of  Ibe  sense  orsant 
the  |umly7cd  side,  and  both  when  the  jioslcrior  third  or  sensory  cro«sway  of  the  [v>«tcrii>r  tectioa 
the  internal  capsule  isafTecied.      Usually,  however,  hertiifte^ij  and  hfrnmnastkesia  occmx  (ogciber. 

Optic  Thalamus. —Ferrier  did  not  observe  any  movements  on  stimulating  the 
optic  thalami  with  electricity.     As  the  pulvinar,  or  posterior  extremity  of  the  optic 
thalamus,  is  in  part  the  origin  of  the  optic  nerve,  and  is  also  connected  by  fibm^ 
with  the  cortex  cerebri,  it  is  probably  related  to  the  sense  of  sight.     Injury  ' 
its  posterior  third  in  man,  results  in  disturbance  of  vision  {Nothrtage/).      Femw' 
surmises  that  the  sensory  fibres  pass  through  the  optic  thalami  on  their  way  to  the 
cortex,  so  that  when  they  are  destroyed,  insensibility  of  the  op{>osite  haif  of  tb 
body  is  produced.      Removal  of  the  optic  thalamus^  or  destruction  of  the  part 
the  neighborhood  of  the  inspiratory  centre  in  the  wall  of  the  third  ventricle,  infltl 
ences  the  coordinated  movements  m  the  rabbit  {CAn's/iaw). 

We  know  very  tittle  definitely  as  to  the  functions  of  these  organs.  .Xfio*  injury  to  otie  thalamtti. 
lltere  has  been  observed  cnfeeblement  or  paralysis  of  the  muscles,  of  the  op[xuite  tide,  tngclher  wi!l 
moiivements  dc  manage;  ar.d  someiimcs  hemiaiucsihesia  of  the  of^iositc  side,  with  or  wiiboot  atfec- 
tiun-H  of  the  motor  areas,  have  been  recorded.  Estirpoiion  of  certain  conkal  aieas  (rabbit)  it  IbDovcil 
by  atrophy  pf  tjertain  ports  of  the  thalamus  {:'.  Mon-itouf). 

[Internal  Capsule. — In  connection  with  the  functions  of  the  basal  ganglia  it 
is  most  important  to  remember  their  relation  to  the  internal  capsule.     The  corpos 
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Kunum  brain,  with  the  b«ml»DlMt««  r*no*t«)  by '.horiMivul  incHtiM  an  liM  rifht  tid*.  4,ln>chkiir;  8,  *cau«ltc 
nerve ;  6,  origin  of  the  «bdaceiia ;  V,  A,  L,  ptailton  uf  the  pyn»tni<Ul  itaotor)  (ibtcw  fat  Inc  Ctcc,  ann,  «i»]  leg ; 
S,  lenMiry  filtrc*. 

between  the  caudate  and  lenticular  nucleus,  while  the  posterior  scgW|Kjic»  between 
the  optic  thalamus  and  the  lenticular  nucleus  (]*'ig.  500).  Exterlia^fl  the  first 
division  of  the  lenticular  nucleus  is  the  external  capsule  (Figs.  500^  5of),  whose* 
function  is  unknown.     External  to  this  is  the  Claustrum^  whose  function  is  also 
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unknown.  It  is  evident  that  hemorrhage  into  or  about  the  basal  ganglia  is  aift  ta 
involve  the  fibres  of  the  internal  capsule]  When  the  Icntkiilo-striate  artery,  or 
as  it  is  called  the  "artery  of  hemorrhage,"  ruptures  (Fig.  490,  aSI-),  it  may  not 
only  destroy  the  lenticular  nucleus,  but  the  internal  capsule  will  be  comprewed; 
and  the  ?ame  is  the  case  with  the  lenticulo-oplic  artery — the  external  capsule  wis 
tend  to  force  the  blood  inward.  We  know  that,  in  the  posterior  segment  of 
the  capsule,  the  volitional  or  pyramidal  fibres  lie  in  the  following  order  from  before 
backward — those  for  the  face  (and  tongue)  in  the  knee,  in  the  anterior  third  those 
for  the  arm  and  hand,  and  in  the  middle  third  for  the  leg,  and  perhaps  behind  thoe, 
those  for  the  trunk  fFig.  500.  K,  A,  L),  so  that  a  very  small  lesion  in  this  rcgi 
will  afifect  a  large  number  of  these  fibres,  converging  as  they  do  like  the  ra)-i  of  ■ 
fan  from  the  motor  cortical  areas,  where  the  arrangement  of  these  centres  is  a 
supero-inferior  one  (Fig.  488),  to  become  an  an tcro- posterior  one  in  the  knet 

and  posterior  limb  of  the  in- 
'■■ :   $oi-  lernaIcapsulc(Fig.  500),  The 

posterior  third  of  this  li 
sensory  and  is  the  •'  se 
crosswav." 
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fHorsley  points  out  that  fadBov- 
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while  recovery  U  ia  the  inTcnc 
order.] 


Intenud 
ca(M(ilc. 

Optk 
thtfUmui. 

Soft  com - 

miMurc. 

Extamol 

captulc. 

Cbiulnim, 


Vi 


./^. 


^- 


:Z-^. 


//' 


.^ 


[The  crura  cerebri  Fig 
461,  F),  or  cerebral   (>eduo- 
cles,  are  two  thick  strands  u 
they  emerge  above  the  potw. 
and  as  they  arc  much  larger 
than    the    pyramidal    iraci 
they  must  receive  many  fib 
within    the   pons.     A    l 
verse  section  ( Fig.  50a)  shi 
that,  on  them  jxislcriorly 
connecting  them,  are  thccc; 
pora    quadrigeroina.      (CQ'l. 
The  crus  proper    is  divided 
by  ilie  sulwtantia  nigra  1  SN 1 

ProntJll»«Clion  through  the  righr  cerebral  hcmUphtffe  in  front  0*  th«  »irfl     Jnt,-.  «   1r>u*r>r  nirt      tVi*»   r-nista 

CQmmi«»utc(po»wriortur6i«o(  iln:»«tlooK  *""'  *  lOWCr  part,   IOC  CniSM^ 

or  basis,  and  an  upper  |Kirt.  ii^H 
tegmentum.     The  cnista  is  composed  of  ascending  and  descending  nene  fibresS^I 
but  the  tegmentum,  in  addition  to  many  nerve  fibres,  contains  much  gray  nuticf 
with  uerve  cells.     Near  the  middle  is  the  *'  red  nucleus  "  or  '*  tegmental  nucieu>" 
(KNj.     Outside  this  is  the  fillet  (F),  a  well-defined  bundle  of  ner\e  fibres  nm»i 
upward  from  the  pons.     Above  the  nucleus,  near  the  middle  line,  is  the  '*  jxisten 
longiiudinal  bundle"  fp.  I.  b),  which  is  triangular  in  section.     Almvc  the  tc] 
turn  lie  many  nerve  cells,  the  origin  of  the  third  nerve  (lU),  and  arranged 
the  iter  is  much  gray  matter.] 

Injury  to  one  cerebral  peduncle  causes,  in  the  first  place,  violent  pain  and 
spasm  of  the  opposite  side,  while  the  blood  vessels  on  that  side  contract,  and  the 
salivary  glands  secrele.  These  phenomena  of  irritation  are  followed  by  jjaralyiic 
symptoms  of  the  opposilf  side,  viz.,  anaesthesia  (§  365)  and  paresis,  or  incomplete 
voluntary  control  over  the  muscles,  as  well  as  paralysis  of  the  vasomotor  nerves. 
In  afleclions  of  the  cerebral  peduncle  in  man,  we  must  remember  the  relation  of 
the  ociilomotorius  to  it,  as  the  Iattt3r  is  often  paralv'ted  on  the  same  side  [while  the 
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extremities,  tongwe,  and  hairthc  (ace  arc  |>aral>'zed  on  the  opposite  side  from  the 
lesion]. 

The  middle  third  of  the  cruflta  of  the  cerebral  pcdunde  ( Fig.  502)  includes  (he  direct  pyramidal 
tract}  {II  365,  378).  The  fibres  of  ihe  inner  third  coDoect  the  frontal  lobes  with  the  cerebellum 
ihrough  ihc  supeiior  cerebellar  peduncles,  la  the 
outer  third  are  Hbres  which  connect  iht?  pons  with 
the  ternporal  nod  occipital  cerebral  lob-s  {flech- 
jt'i^).  The  fil>rcs  which  pass  from  the  tcymcniiun 
into  ttie  corona  radiala  tonduct  scnsorv'  impulses 

[The  pons  varolii  contain  ascending 
and  descending  fibres,  as  well  as  transverse 
ones,  and,  in  addition,  the  continuation 
upward  of  gray  matter  from  the  medulla, 
special  masses  of  gray  matter,  and  the 
nuclei  of  certain  cranial  nerves.  Its 
appearance  in  section  netcssarilv  varies 
"u-ith  the  region  where  the  section  is  made. 
Fig.  503    IS  a   transverse  section  through 

part  of  the  seventh    nerve.     The   lower   Schcmeof  iwBiven*  section  of  ih*  cerebral  pedunct**. 
part  shows  the  superficial  (s.t.f.)  and  deep 
(d.t.f.)  transverse  fibres,  with  the  pyra- 
midal t'ibres  (Py)  between  thum.] 

Stimulation  or  section  of  the  pons 
causes  pain  and  spasms ;  after  the  section, 
there  may  be  sensory,  motor,  and  vasomotor  paralysis,  together  with  forced 
movements.  For  diagnostic  purposes  in  man,  it  is  important  to  observe  if  alter- 
nate hemiplegia  be  present. 

fin  IcsioM  aiiuoied  in  the  lower  half  of  one  side  of  the  pons,  there  is  facial  paralysis  on  ihe  same 
BOe  ai  Ihe  le&ioa  and  paralysis  1  motur  and  scnMsr}',  and  more  or  less  complete)  on  the  opposite  ade 
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ncfvc,  Py.  pyTamidaltracis  ;  FCfrwHto-Ceicbellor  ; 
and  TOL,  Icmporo^ccioiul  fibm  of  the  cruiu: 
CC.  Ciiiulttte-cereheilar  fibres  in  upper  p«rt  of  cruau 
(after  If'trtiicJtr  auJ  Gawfrt). 


Fig.  503. 


Fig.  504. 
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Tnn5vene  Kcilon  of  the  pens  through  f>»n  of  tbc  »cveiith  nerre.  X  >-  F.R., 
femitio  rcticuUtit;  VII,  «eveotti  nerve:  Vit,  iuCCBding  root,  and  Vm, motor 
root  of  the  filth  nenre  ;  F,  fillei ;  *.o. ,  supcriur  olive :  ».l.b  ,  suoerior  luniiti' 
tudinal  bunillc:  Py.  pyramidal  Tibrcr*;  ft,  restiforin  body;  Nf.P.  middle 
peiliiiKlH  ot  ccrebelliiii) :  d.t.f.  and  *,lJ.,  deep  Aiid  transvertc  lupetlicUi  Tibrei 
of  the  pom  f  after  lytrMicif). 


Scheme  of  the  librea  in  the  pons. 
PT.  pyntniidKl  Iraci*:  F. 
fnciAJ  fibre*;  u,  upper,  i, 
lower  lesion:  MO,  inedtiUa 
oblongata ;  1)1*,  ilcLuiulion 
of  ^ymmida. 


of  the  body — this  is  called  alternate  paralysis  ;  while,  if  the  lesion  be  in  the  upper  half  of  one 
side  of  the  pons,  the  facial  paralysis  is  on  the  some  side  as  the  paralysis  of  the  body.  Rut  ihe  part* 
supplied  l>y  the  5th  and  6th  nerves  may  also  be  involved.  This  i^  explained  l>y  Fig.  504,  where  the 
upper  facial  fibres  cross  in  the  pons.     Sudden  and  exiensiTe  lesions  of  the  pons  are  frequently  auo- 
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culed  with  bjrpcrpyrcxia,  (he  leiaperatnre  often  ririog  rapidly  within  an  hour,  perliapa  from  tltt  gm 
matter  in  ihe  Hoor  of  the  4tK  ventricle  being  affected  ;  but  whether  it  is  due  to  lonte  eSieci  on  a  hoi- 
regulating  or  heat -producing  ceniic  is  uncertain.  Tumors  of  coti^dcral'le  site  nuy  prea  on  Ac 
pons  without  prmlucing  very  mnrkcd  Fympiomti,  fts  tumors  tend  to  push  aiide  tusucs.  ttnltsat^lc 
infiltraTing  id  their  character.  Lcsiuns  of  the  tran&vcrsc  superficial  libfc*  (middle  cetcbtlta' 
peduncles)  often  give  rise  to  involuntarv  forced  movements,  there  l>eing  a  tenrtencjr  to  more  loow 
side  or  the  other.] 

The  Corpora  Quadrigemina. — Destruction  of  the<«  bodies  ff$t  one  sidt  in 
mammals  (ur  their  humologues,  the  optic  lobes  in  birds,  amphibians,  and  tiahoi 
causes  actual  blindness^  which  may  be  on  the  same  or  the  upf)ositc  side,  according 
to  the  relation  of  the  fibres  crossing  at  the  optic  chiasma  (§  344).  Total  dcstnK 
tion  causes  blindnes-s  of  both  eyes.  At  the  same  lime,  the  reflex  contraction  of  the 
pupil,  due  to  stimulation  of  the  relina  with  light,  no  longer  takes  place  {^Fiauretu), 
where  the  optic  is  the  afferent  and  the  oculoraoiorius  the  efferent  nerve  (§  345;. 
If  the  cerebral  hemispheres  alone  be  removed,  the  pupil  still  contracts  to  light,  « 
well  as  after  mechanical  stimulation  of  the  optic  nerve  {H.  Mayo).  Destruction 
of  the  corporo  quadrigemina  interferes  with  the  complete  harmony  of  the  motoi 
acts ;  disturbance  of  equilibrium  and  incoordination  of  movements  occur  {Serra\. 
In  frogs,  Goltz  observed  not  only  awkward,  clumsy  movements,  but  at  the  noK 
time  the  animals  have  to  a  large  extent  lost  the  power  of  completely  balancing  the 
body  (p.  733).  A  similar  result  was  obsei^cd  in  pigeons  {M' Kcndrick)  and  rab- 
bits {Ferrier).  Extirpation  of  the  eyeball  Is  followed  by  atrophy  of  the  opposite 
anterior  corpus  quadrigcminum  {Gudden). 

According  to  Bcchterew,  the  fibres  of  one  optic  tract  pass  throogh  the  anterior  brachium  (Fig.  jcot 
into  the  anterior  pair  (nates)  of  the  corpora  quadrigemina ;  while  thoM  fibres  which  craas  ta  tlM 
chiasma  (Fig.  425)  p2.<«  into  the  posterior  pair  (testes).  According  to  this  airaogemeet  we  hare 
pantat  blindness,  according  as  one  or  other  pair  of  these  bodice  \t.  destroyed. 

[In  man,  very-  liule  is  knoMn  regarding  the  effect;;  of  disease  of  the  corpora  quadrigemioa,  iola- 
fercnce  with  the  ocular  muscles  being  the  most  inarke<I  symptom -,  but  the  inCiidrtlination  of  mcn« 
roent  which  ha<i  tteen  observed  may  be  due  to  presiure  upon  the  superior  cereljcUar  pedoodc,  «Ut< 
it  is  by  no  means  certain  that  the  defects  of  vision  are  directly  due  to  lesions  of  these  bodies.] 

Stiraulation  of  the  Corpora  Quadrigemina. — The  corpora  quadrigemina  react  to  cfadfical, 
chemical,  and  mechanical  stimuli.  The  rejiults  of  stimulRiion  are  very  vanotttly  stated.  Acconttif 
to  Mine  observers,  there  is  dilatation  of  the  pupil  on  the  same  side  ;  according  to  Ferrier.  it  any  W 
the  pupil  on  the  opposite  or  on  Ihe  same  side.  The  Mimul.ition  may  be  conducted  from  Ihe  coraan 
quadngemina  to  the  medulla  oblongata,  and  to  the  origin  of  the  sympathetic,  t^r,  after  section  of  iW 
sympathetic  nerve  in  the  neck,  dilatation  of  the  pupil  no  longer  takes  place.  According  io  KtmH 
ihe  contraction  of  the  pupil  observed  by  the  older  experimenters  ocoirs  only  when  the  adjoirfnf 
optic  tract  is  stimulatccl.  Stimulation  of  the  light  anterior  corpus  quadiigcmiaum  causes  '!'  -  ' 
of  both  eyes  to  the  left  (and  conversely);  on  continuing  the  suinnlaiion,  the  head  is  tuni<- 
sidc.  On  dividing  the  corjxxa  quadrigemina  by  a  vertical  median  incision,  stimulslion  of  bne  wv. 
causes  the  result  to  lake  place  only  on  one  bide  {Adamiik).  Ferrier  observed  sigru  of  |«ia  oi 
siimulatiiig  these  o^ans  in  mammals.  Carvillc  nnd  Durct  conclude  from  tbeir  experimenU,  te 
these  organs  are  centres  for  the  extensor  movcmenis  of  the  tnink.  Ferrier  found,  on  stimulatifig  00* 
optic  lobe  in  a  pigeon,  dilntatiun  of  Ihe  opposite  pupil,  luming  .of  the  bead  toward  the  other  side  »»A 
backward,  movement  of  ihe  apposite  wing  and  leg:  strung  slimutation  catisetd  tiapping  moveawBli 
of  both  wings.  r>.inilewsky.  Ferrier,  and  Lauder  Mrunion  oljscrved  a  ri.se  of  ihc  blood  pressure  larf 
slowing  of  the  heart  beat,  together  with  deeper  inspiration  and  expintion, 

Bechicrcw  ascribes  all  the  phenomena,  except  those  of  vision  itself,  which  accompany  iojary  or 
stimulation  of  these  l:odies,  to  affections  of  deeper-sealed  parts.  He  asseits  that  the  corpora  qowln 
gcmina  contain  neither  the  centre  for  the  movemeni-'i  of  the  pupils  nor  that  l'<i>r  the  comoioed  iBim- 
ments  of  the  eyeballs ;  not  even  the  centre  for  maintaining  the  eqailibrium  of  the  budy,  SCinralaika 
of  these  bodies  causes  the  animals  to  perfonn  marked  movements.  Keliex  phenomena,  nystagm*. 
forced  movements,  and  unsteadiness  of  the  gait  only  occur,  however,  when  the  deeper  paru  in 
injured. 

Pathological. — Lesions  of  the  anterior  pair  in  man,  accordii^;  to  the  extent  of  the  lcnOK,ci^ 
disturbance  of  vision,  failure  of  the  pupil  to  contract  to  light,  and  even  blindness ;  there  mafU 
paralysis  of  the  ocutomotoiii  on  both  sides.  Disease  of  the  posterior  pair  may  be  — ^«— *  wA 
disinrV^nccs  of  coordination  (A'oiknagfi ). 

Forced  Movements. — It  is  evident  from  what  has  been  said  regarding  tbe 
importance  of  the  corpora  quadrigemina  for  the  harmonious  execution  of  mov^ 
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ments,  that  unilaUral  injury  of  such  parts  as  are  connected  with  them  by  conducting 
channels,  must  give  rise  to  j>eculiar  unilateral  disturbance  of  the  equilibrium, 
causing  variations  from  ihe  symmetrical  movements  of  both  sides  of  the  body. 
These  movements  are  Q.3\\^\\f&rceii  movemenis.  To  this  class  belong  the  "  mouve- 
mcnts  de  manage,"  where  the  animal,  instead  of  moving  in  a  straight  line,  runs 
round  in  a  circle;  index  movements,  where  the  anterior  part  of  the  body  is 
moved  round  the  posterior  pari,  which  remains  in  its  place,  just  like  the  movements 
of  an  index  round  its  axis  ;.  and  rolling  movements,  when  the  animal  rolls  on 
its  long  axis.  All  these  forms  of  movement  may  pass  into  each  other,  and  tbey 
are,  in  fact,  merely  different  varieties  of  the  same  kind  of  movement.  The  parts 
of  the  nervous  system  whose  injury  produces  these  movemenLs  are  the  corpus 
striatum,  optic  thalamus,  cerebral  |)eduncle,  pons,  middle  cerebellar  peduncles, 
and  certain  parts  of  the  medulla  oblongata.  Eulenburg  observed  index  movements 
in  the  rabbit,  after  injury  to  the  surface  of  the  brain,  and  Bechterew  observed  the 
same  in  dogs.  Forced  movements,  together  with  nystagmus  and  rotation  of  the 
eyeballs,  are  caused  by  injury  to  the  olives  {^BechterfW),  The  statements  of 
observers  vary  as  to  the  direction  and  kind  of  movement  produced  by  injuring 
individual  parts.  The  following  observations  have  been  made :  Section  of  the 
anterior  part  of  the  pons,  and  of  the  crura  cerebclli  causes  index,  or,  it  may 
be.  rolling  movements  toward  the  other  side;  section  of  the  posterior  part  of 
the  same  regions  causes  rolling  movements  tow^ard  the  j^jot^  side,  while  the  same 
result  is  caused  by  a  deeper  puncture  into  the  luberculum  acusticum,  or  into  the 
rcstiform  body.  Section  of  one  cerebral  peduncle  causes  raouvements  de  manage, 
while  the  body  is  curved  with  the  convexity  toward  the  same  side.  The  nearer  to 
the  pons  the  section  is  made,  the  smaller  is  the  circle  described ;  ultimately  index 
movements  occur.  Injury  to  one  optic  thalamus  produces  results  similar  to  punc- 
ture of  the  anterior  part  of  the  cerebral  peduncle,  because  the  latter  is  injured 
along  with  it  at  the  same  time.  Injury  Jo  the  anterior  part  of  one  optic  thalamus 
causes  the  opposite  kind  of  forced  movement,  viz.,  with  the  concavity  of  the  body 
toward  the  injured  side.  Injury  to  the  spinal  portion  of  the  medulla  oblongata  is 
followed  by  bending  of  the  head  ami  vertebral  column,  with  the  convexity  toward 
the  injured  side,  along  with  movements  in  a  circle.  When  the  anterior  end  of 
the  calamus  and  the  part  above  it  are  injured,  the  movements  are  toward  the  sound 
side. 

Strabismus  and  Nystagmus. — Among  the  forced  movements  may  be  reck- 
oned deviation  of  the  eyeballs,  strabismus  or  squinting,  and  involuntary  oscillation 
of  the  eyeballs,  constituting  nysfngmus.  The  latter  condition  occurs  after  super- 
ficial lesions  of  the  resliform  body,  as  well  as  of  the  floor  of  the  4lh  ventricle.  A 
unilateral,  deep,  transverse  injury,  from  the  apex  of  the  calamus  upward  as  far  as 
the  luberculum  acusticum,  causes  the  eye  of  the  same  side  to  squint  downward  and 
forward,  that  of  the  other  side  backward  and  ui)ward.  Section  of  both  sides  causes 
this  condition  to  disappear  (5c//K/a^n).  Hence,  Eckhard  assumes  tluit  the  medulla 
oblongata  is  the  seal  of  an  apparatus  controlling  the  movements  of  the  eyes 
{Eckhard)^  which  can  be  excited  by  sudden  ancemia,  e.  ^.,  ligature  of  the  cephalic 
arteries  in  a  rabbit. 

In  pathological  degeneration  of  the  olivarf  body  of  the  medulla  oUongala  in  mau,  Meschede 
observed  intense  rotatory  moveuieiits  toward  the  same  side. 

Theory. — In  order  to  expliuo  the  occurrence  of  forced  movements,  il  is  suggested  that  there  is 
antlaiern]  incomplete  painlvKis  (/ii/frryMf),  so  that  the  animal  in  its  efforts  to  move  onward  leaves 
Ibc  paralytic  side  slightly  behind  the  oihrr,  and  hence  ihcrc  is  a  varinlton  fram  the  symmetry  of  the 
movements.  Brown-S^iiuard  regards  the  matter  in  exactly  an  op|HMite  light,  viz  .  as  due  to  stimulation 
from  injury,  causing  an  excessive  activity  of  one-half  of  the  lK>dy.  llente  a5crit>cs  the  movements  to 
vertigo,  or  ■  feeling  of  giddiness  caused  by  the  injury.  In  all  operations  on  the  central  nervous 
system,  where  the  equilibrium  is  deeply  affected,  there  is  n  considerable  increase  in  the  number  and 
depth  of  the  respiraiion^  ( Lamiois). 

Other  Effects. — Some  observers  noticed  variaiions  of  the  blood  pressure  and  a  change  tn  the 
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mimber  of  heatl  beats  after  slimulation  of  the  cortex  cerebri,  e.  f..  after  clecuical  siininUtMMi  of  the 
motor  ftreos  for  Lhe  extre[niiic&  {Boi^e/antainf).  Baldgh  observed  acMlemiioo  of  tbe  pulse,  oq 
llimuUtini;  several  |»<)iriu  on  the  cortex  cerebri  of  a  dog,  and  from  otic  \w\n\  slowing  of  the  puLic. 
Eckhard  stimulated  the  surfnce  of  the  l>rain  in  rabbiL\  and,  as  a  rule,  he  observed  tbat«  as  loog  a* 
single  crossed  nmvemeni^  occurred  in  the  anterior  exiremiiiet.  thcic  was  do  effect  apon  tbe  hcaft, 
but  that  the  heart  became  affected  as  soon  as  other  muvemenLit  occarred.  This  coastals  ta  >low 
strong  pulse  beats,  with  occasional  wciker  beats,  white  at  the  same  lime  the  blood  pressure  is  slightly 
inctea&ed  \Bothtfontaine).  If  the  vag)  Ik  divided  beforehand,  the  effect  upon  the  pulse  diaap^iears 
while  (be  increase  of  the  blood  pressure  remains.  Thai  psychical  processes  affect  the  aaion  of  the 
heart  was  known  to  Homer  and  Chrysipp.  Bocfacfontatne  and  Lipine.on  stimulating  several  points, 
e«pecially  in  the  nrij^'hborhood  of  the  sulcus  crucialus  in  the  dog,  observed  Increased  secretion  of 
saliva,  blowing  of  the  movcmenls  of  the  stomach,  peristalsis  of  the  intestine,  coniracliou  of  the  spleen, 
of  the  uterus,  of  the  bladder,  and  increased  respirations.  Hufalim,  on  Mimulating  those  parts  of  the 
cortex  which  cause  movements  of  the  jaw,  observed  secretion  of  gastric  juice  with  iocressc  of  tbe 
temperature  of  the  stomach.  Schiff,  Hrown-Stquard.  ElMcin,  Klostcrhalfcn,  and  oihera  have  otMcrred 
that  injury  to  the  pons,  corpius  .striatum,  thalamus,  cerebral  peduncle,  and  medulla  oblongws  often 
causes  hyperarmia  and  hemorrhage  into  the  lung  (according  to  Brown-S^oord,  especialljr  after 
injury  to  one  side  of  the  j>on.s,  which  atTccts  the  opposite  lung),  under  the  pleura,  in  the  stomach, 
int«sline>  and  kidneys.  Gastric  beniorrhtige  is  common  after  injury  to  the  poos  just  where  the 
cerebral  peduuclest  join  it.  SimiUr  phenomena  have  been  observed  in  man  after  apoplexy  or  cerebral 
bemt*rThage. 

Specially  ioterestiog  is  the  cerebral  unilateral  decubitus  acutus  or  bedsore,  clcscnbe«l    lir 
Charcot,  which  always  occurs  on  the  paralyzed  side  of  the  body,  i.  r,  on  the  side  opposite  to  the 

cerebral  injury.     It  begins  cm  tbe  aeoood 
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or  third  day,  rapidly  causes  enomaoi 
destruction  and  sloughing  of  the  tmucs 
on  the  bock  and  lower  extremiiies,  and 
death  soon  lakes  place.  The  dectibiiits 
which  occurs  after  spinal  injuries,  usually 
begins  in  the  middle  tine  uf  the  buttocks, 
and  extends  symmeijically  oo  h^h  si<lcs. 
In  cases  of  unilateral  injury  lo  tbe  ^Mtiol 
cord,  tbe  decubitus  occurs  on  tbe  emrrn- 
pandin)^  side  of  the  sacral  regii>n  i^p.  631). 
[The  Pineal  Gland  or  epiphjnis 
cerebri  lies  oti  the  back  of.  and  is  con- 
nected with,  the  third  rentricle  (Fig.  505, 
/T).  It  projects  backward  between  the 
corpora  •juadrigcmina.  It  is  octgioally 
develciped  as  a  hollow  ont^xowih  from 
that  pott  of  the  eoibr^-onic  bniin  «-hich 
becomes  the  third  ventricle.  The  hollow 
centre  usually  disappears,  while  the  di>tal 
portion  becomes  enlarged  and  is  ofiea 
lobulntcd.  Its  distal  {wrtion  may  ter- 
minate  outside  the  skuU;  and  in  some 
animals  there  is  developed  in  the  mediis 
line  of  the  skull  an  eye — pineal  eye — 
arranged  on  the  invertebrate  plan,  as  io 
Anguis,  Hatlcria.etc.  \Dt  Orao/,  Si^wtfer) 
(«  405).] 

[The  pituitary  body  or  hypophsrsis 

cerebri  consists  of  two  lobes,  different  in 

The/Vf//H0r  toie  is  developed  as  a  hollow  outgrowth  from  the 

It  loses  its  cavity  and  its  nervcvs 


.„as 


origin  and  structure  (Fig.  505,  /f). 

part  of  the  embryonic  Utiin  connected  with  the  third 'ventricle. 

tissue ;  i.1  permeated  by  connective  tissue  and  blood  tcsmtU  ;  and  is  coimectcd  with  the  tkxir  of  the 

third  ventricle  by  the  infundibulum.     The  anterior  lohe  is  dvreli>ped  as  a  lubul-ir  invagination  of  the 

stomodanun,  i.  c,  from  the  ectoderm  of  the   buccal  cavity;  but  it  soon  loses  its  connection  with  tbts 

cavity  as  the  tipper  end  enlarges,  and  the  stalk  atrophies.     In  mammalia,  the  upper  cx|>aiided  end 

unites  with  tbe  anterior  lobe  lo  form  the  pituitary  body.     For  the  effects  of  its  removsl,  sec  | 

103,  v.] 

380.  STRUCTURE  AND  FUNCTIONS  OF  THE  CEREBELLUM.— [Stnicn 
— On  cvamining  a  vertical  section  of  a  cerebral  Icariet,  we  observe  the  following  tiiicroscopic  appear^ 
ances:  Externally  is  the  pia  mater  wiih  its  blood  vessel*  (Fig.  506,  a),  which  penetrate  into  the 
gray  maitcr;  within  is  the  me<lu|b,  comjtoscd  of  white  fibreR.  The  gray  matter  consists  of  b,% 
brood  outer  or  molecutar  layer,  largely  composed  of  branched  fibrUs ;  and  internal  lo  U  is  ^,  tbe 
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'*  granular,"  niiclear^  or  mift •colored  Ujrer.    On  Ihe  boundary  line  between  these  two,  ts  the  layer 
of  Purkinjc's  celU,  r.     The  cella  of  PurkJnJe  fonn  a  »ingte  layer  of  lai^e  niuUi|»br  Bask  shaped 

netvc  cells,  which  hnve  been  oimpared  lo  the 
branchcil  nmlcrs  of  a  Kag  (Fig.  507).  From 
their  ouicr  surface  is  given  off  a  procfsi^  which 
mpidly  divides  and  gives  rise  to  a  large  num. 
ber  of  smaller  proceues  lunnint;  outward  in 
ihc  outer  gray  layer.  Some  of  ihwe  nrocesses 
form  port  of  the  ground  plexus  of  til)nl.'«  in  this 
layer.  jVn  unhr.mched  axiat  cylinder  jiroccRa 
is  sent  inward  to  the  gnnulur  layers,  wbete  it 
becomes  contiDuous  with  a  ncrvr  fibre — every 
Cell  of  ]*arkinje  be  jug  continuous  with  a 
straight  QDbranchcd  mcdullnlcd  nerve  fibre. 
The  *M^r.r«M/^  fibres  run  sfaighi  from  the 
medulla  through  tlie  granular  layer,  forming 
no  connection  with  Us  granules.  A  second 
set  of  braHchtd  or  anatloinorting,  often  vari- 
cose, nerve  fibre*,  finer  than  the  foregoing, 
pam  from  the  medulla  into  the  granular  layer, 
where  they  fonn  a  network  which  is  continued 
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into  the  molecular  layer.  The  granular  layer  is  composed  of  clc»cly  packed  granules  of  two 
kinds;  one  is  stained  by  hsemaioxylin,  and  the  other  with  eosin  { Dftttttettio).  The  iL-T-motoxylia 
ilained  cells  are  most  numeroos ;  they  consist  of  a  nucleus  rarroundcd  hy  protoplasm,  and  arc  what 
were  formerly  called  granules.  The  eosin  stained  cells,  which  ate  also  stained  l>y  nigrosin  {iien'i>r\ 
arc  interposed  in  the  course  of  medultaled  nerve  librcs.  The  ha*matoxyliti  cells,  called  glia  cells 
by  Becvor,  have  processes,  and  form  a  network  throughout  the  granular  layer,  which  also  extends 
iulo  the  molecular  layer.  This  network  is  regardeil  as  the  conhnuation  of  the  modified  myelin  of 
the  nerve  tihr^,  and  it  form;  a  capsule  fur  ihe  cells  of  Purkinjr.  1'he  molecular  layer  consists  of  a 
ground  substance,  composed  of  a  spongy  network  uf  line  tiUils,  which  seem  to  l«  uf  the  nature  of 
neuro-keratjn,  strengthened  here  and  there  by  stronger  fibres.  In  the  meshes  lies  a  homogeneous 
substance.  Some  of  this  substance  is  more  condensed  to  form  a  limiiuni  txUrua  on  the  surface  of 
the  cerebellum,  while  on  the  boundary  line  next  the  granular  layer  the  branches  of  the  glia  cells 
form  a  Umitttms  mtemat  and  between  the  two  stretches  the  neurokeratin  network.  Some  small 
VBiiocosc  nerve  fibres  exist  in  this  layer  continuous  wiih  those  in  the  granular  layer.  The  branched 
proceo  of  Ihe  cells  of  Purkinje  is  tibriUiiied,  and  the  finer  processes  are  composed  al^i  of  fdrrtli, 
which  are  gradually  distributed  unijl  they  Income  isolated.  It  \*>  suggested  by  Iteevor  that  these 
61'nU  bend  at  a  riglit  angle  in  a  plane  parallel  to  the  surface,  and  rearrange  themselves  as  filires 
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surrounded  by  ■  medullated  sheath,  and  that  these  Bbres  mn  inward  thfough  the  molecuUr  ud 
grnnuler  layers — an  ihc  branched  Abres — (o  the  meduHa.] 

Function. — Injuries  of  the  rcrchL-llura  cause  disturbances  in  the  hannony  of 
the  movements  of  the  body.  Most  probably,  the  cerebellum  is  a  great  and 
important  central  organ  for  the  finer  coordination  and  integration  of  movements. 
The  fart  that  it  is  connected  with  all  the  columns  of  the  spinal  cord  and  with  all 
the  central  ganglionic  masses,  renders  this  very  probable.  The  direct  cerclwiUr 
tracts  from  the  lateral  column  of  the  cord  conduct  sensory  impreuions  to  the 
cerebellum,  and  thus  indicate  the  posture  of  the  trunk.  The  cerebellum  mvf 
affect  the  motor  ncn'es  of  the  cord  through  fibres  which  |>ass  downwird  in  IK 
lateral  columns  of  the  cord  from  the  restiform  bodies  (I'Vechsig).  Injury  of  Ihc 
cerebellum  neither  produces  disturbance  of  the  psychical  activities,  nor  does  it 
interfere  with  the  will  or  consciousness.  Injuries  to  the  cerebellum  itself  do  not 
give  rise  to  pain. 

According  \o  ScliJ^,  the  ccTcWIItim  docs  not  actually  regolale  the  co^dinalion  of  movemcnu, 
According  to  bim,  (here  is  a  niechouisiu  on  both  bides  of  the  middle  line,  which  increases  all  tb< 
complicated  tnuiicular  movcmenLs — not  only  those  for  powerful  conlmctiotu,  but  al»o  the  pcoUiU 
fine  moTements  which  f\x  the  limtH  nnd  joints.  I^ciani  asserts  that  denniction  of  the  cerwcSn 
produces  n  condition  of  incomplete  tonuf^  there  being  a  want  of  energy  to  conirol  the  voluttiy 
muscles.     Each  half  of  the  organ  acts  on  both  halves  of  the  body. 

Injury  or  Removal  of  Cerebellum. — The  immediate  results  produced  by 
injury  to  or  removal  of  the  cerebellum  have  been  admirably  described  by  Floureni 

(Fig.   508).      On    removing   the  moit 
Fig.  508.  superficial  layers  in  a  pigeon,  the  ani- 

mal merely  showed  signs  of  weakncs 
and  interference  with  the  uniformity  of 
its  movements.     On  removing  more  of 
the    cerebellum,    the    animal    berame 
greatly  excited,  and  made  violent  t^ 
regular  movements,  which  did  not  ptf- 
take  of   the    character   of  convulsions 
The    sensoritim   was    unaffected,  while 
vision   and   hearing  were   intact.     Co* 
urdinated  movements,  such  as  walking, 
flying,  springing,  and  turning,  could  be 
executed    but    imperfectly.      After  Ifr 
moval  of  the  deepest  layers,  the  power 
of  executing   the   above-named   mdre- 
ments  was   completely  abolished.     Oo 
placing  the  pigeon  on  its  back,  it  could  not  get  on  its  legs;  at  the  same  ttrac  it 
made  continually  the  greatest  exertions  in  its  movements,  but  these  were  aUan 
incodrdinated,  and  therefore  without  any  satisfactory  result.     The  will,  intelli- 
gence,  and  perception  remained  intact ;    the  animal  could  see  and  hear,  xnd 
sought  to  avoid   obstacles  placed  in  its  way.     It  gradually  exhausted  itself  in 
fruitless  efforts  to  get  on  its  legs,  and  ultimately  remained  in  its  abnormal  po&itioa, 
quite  exhausted.     Flourens  concluded  from  these  exiieriments  that  the  ccrebclhnn 
is  the  centre   fur  coordinating  voluntary  movements.      Lussana  and   Morganti 
regard  the  cerebellum  as  the  seat  of  the  muscular  sense, 

j^Extirpation  in  Mammals. — The  dan(;ers  aiiending  this  operaiton  ore  so  grcflt.  that  fam  ^ 
animals  survive.  Lutiaiii,  however,  by  using  antiseptic  and  other  precautions,  has  been  able  lo 
operate  so  that  complete  dcaiiiiation  was  obtained,  the  animal  (young  bitch)  t>eing  restored  to  baU 
for  •  few  months.  The  cerelftrnum  alone  was  remoTcd,but  not  its  peduncles.  As  in  ail  cabct 
similar  operolions,  we  must  dii.tii4juish  sharply  the  phenomenon  manifested  during  reco*'*!^  fr" 
those  after  complete  recovery.  During  ibc/nt pfriod  oi  tax  weeks,  from  the  time  of  the  (»pe»»HM 
until  complete  recovery,  the  symptoms  are  those  of  injur)'  and  iriitation  of  the  divided  peduecici, 
alcmg  with  iboM  resulting  from  the  temoval  of  the  organ.    They  are  clooic  coatradiou  irf  t^ 
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iHBcles  of  (he  fore  Umb,  neck,  and  btck,  pssstng  into  Ionic  contractions  when  the  ammal  attempts 
to  move,  and  ol^  weakness  of  the  hind  Ic^s,  &d  ihat  all  the  normal  voluntary  movements  arc  inter- 
fered with,  I.  e.,  inco6rdinntcd,allliouyh  llic«c  symptoms  may  be  explained  by  the  injury  lo  adjoining 
.parts.  There  was  no  sensor^'  disturbance  or  Inss  of  the  muscular  sense,  aUhou^h  closing  the  eyei 
Tendered  standing  impossible.  As  recovery  takes  place,  thc<e  symi^oms  diHtpprnr,  and  the  animal 
enters  on  the  stconU prrioii,  where  the  symptomfi  depending  on  t^e  actual  loss  of  the  organ  arc  pro- 
nouoccd.  The  contracture  and  pseudo-paralytic  weakness  disappear,  wliUc  there  arc  alterations 
in  ibe  tone  of  the  individual  muscles,  producing  a  sort  of  "  cerebellar  ataxy."  The  dc^  could 
awim  in  quite  a  normal  manner,  its  power  of  equilibration  was  not  intetfercd  with,  but  acts  requiring 
%  greater  development  of  muscular  energy  could  not  Iw  properly  eteculed.  This  period  lasted  four 
to  five  months.  Afier  this  lime  its  health  gave  way,  tnere  was  otitis,  conjunctivitis,  articular  and 
CUlancuua  inflaniniations,  while  a  peculiar  form  of  marasmus  set  in,  the  animnl  dying  a1\cr  eight 
tDonths.     iTi  fishes^  also,  the  removal  of  the  cerebellum  does  not  affect  Ihcir  [jowei  of  locomotion 

Duration  of  the  Phenomena, — After  superficial  lesions,  or  after  a  deep 
incision,  the  disturbances  of  coordination  soon  pass  away  {Fhurens).  If  the 
injury  aflfects  the  lowest  third  of  the  cerebellum,  the  motor  disturbances  remain 
permanently.  Symmetrical  lesions  do  not  disturb  coordination  {Sdiiff),  After 
removing  the  greater  portion  of  the  cerebellum  in  birds,  Weir  Mitchell  has 
olwerved  that  the  original  disturbances  gradually  disappear;  and  after  months  ox\\y 
slight  weakness  and  a  condition  of  rapid  fatigue  remain. 

After  ablation  of  the  cerebellum,  secondary  degeneration  occurs  in  the  part  of  the  pons  around 
the  pyramidi.  the  lower  olives,  all  the  cerebellar  jjeduncles  and  the  direct  cerebellar  troct,  usually  on 
the  aame  side  l^F/uhsig).  It  la  found  also  in  individual  fibres  in  all  the  crAuinl  nerrcf  and  the 
anterior  roots  of  the  spinal  nerves  (Marchi). 

In  the  dog,  superlicial  injuries  of  the  vermiform  process,  or  of  one-half  of  the  organ,  produce 
merely  twniK)rary  tUsturbances;  while  deep  injuries  to  the  vermiform  process,  or  removal  of  one 
bemisphere  and  a  part  of  the  vermiform  process,  cause  permanent  rigidity  of  the  legs  and  shaking 
'Of  the  head;  if  the  worm  and  both  halves  are  ^lestroyed,  there  follows  permanent  pronounced  dis> 
turbance  of  codrdinaiion  (r'.  AffrtHt;).  According  to  liaginsky,  destruction  of  a  large  part  of  the 
vermiform  process  alone  causes  in  maimnals  permanent  disturbance  of  coordination.  Kerrier  found 
that  a  vertical  section  of  (he  cerebellum  in  monkeys  produced  only  inconsiderable  disturbances  ci( 
the  eqiiihhrium;  after  injury  of  the  anterior  part  of  the  middle  lobe,  the  animal  often  tumbles  for- 
Krard ;  while,  when  the  posleriur  part  is  iojuted,  it  falls  backward.  After  injury  of  the  lateral  lobe, 
4hc  animal  is  drawn  toward  the  affected  aiie  {.ScAt/f,  i'Htpian,  Ferrirr^  Hilzig^.  If  the  middle 
commissure  be  injured,  the  aninial  rolU  violently  on  its  long  axis  toward  the  injured  side  {.Mo^enJit). 
Farnlysis  never  occur*  afier  injuries  of  the  cerebellum,  nor  is.  there  ever  disturbance  of  j^nsalion  or 
of  the  sense  of  touch.  Luciani  found  that,  in  animals  with  the  cerebellum  extirpated,  marasmus 
nliimately  set  in.  In  frogs,  an  iinporiant  organ  concerned  with  motion  lies  at  the  junction  of  the 
oblongata  with  the  cerebellum  {Eekkard).  After  it  is  removed  the  animal  can  no  longer  execute 
.Coordinated  jumping  movemem.^,  nor  can  it  crawl  {Gclfz). 

[In  man,  the  cerebellum  is  connected  with  the  maintenance  of  the  equitibrium.  There  may  l>e 
a  lesion  of  the  heniispheres  without  any  marked  symptoms;  but  if  the  middle  lobe  be  injured  or 
weaaed  on  by  a  tumor,  there  is  usually  a  Tceling  or  stogj^ering  t;ait,  like  that  of  a  drunken  man. 
'Koss  points  out  that,  if  the  tumor  affect  the  upper  part  of  this  lobe,  the  tendency  is  to  fall  backword, 
•nd  if  in  the  lower  part,  to  fall  forward  or  tu  revolve  round  a  horir.unlal  axis.  \^omiting  is  fre- 
quently persistent  and  well  marked,  while  there  may  be  nystagmus  and  ionic  retraction  of  the  head.] 

After  injuries  of  the  cereliellum,  involuntary  oscillations  uf  the  eyebilU  or  nystagmus,  as  well  as 
squinting  ( ,\fa^eH(iie,  f/erhoiff),  have  been  obsen-c<l ;  while  Ferrier  olwerved  muvemcnls  of  the  eye- 
balls after  electrical  stimulation.  According  lo  Ctvachmann,  Eckhard  and  Schwann, this  occurs  only 
when  the  mwlulln  ublongaln  is  iiividved  (§  379). 

Effects  of  Electricity  and  Vertigo  — If  an  electrical  current  be  passed  through  the  head,  by 
.placing  the  elcciroilcs  in  the  mastoid  f  jssic  behind  bolJi  eirs.  with  the  -|-  pole  l>eliind  the  right  and 
ti)e  —  pole  behind  the  left  car,  then  on  closing  the  current,  there  is  severe  V€rf(:^(\  and  the  head  and 
boJy  lean  lo  the  -f  po'e,  while  the  objects  around  seem  lo  be  displaced  to  the  left.  If  the  c>es  be 
closed,  while  the  current  is  passing,  the  movemenis  appear  to  \»:  transferred  lo  the  person  himself,  so 
that  he  hat  a  feeling  of  rotation  to  the  left  { Purki*tjt\.  At  the  tnomeot  the  head  leans  towani  ihe 
■node,  the  eyes  lum  in  thai  direction,  and  often  exhibit  nyuogmus.  The  electrical  current  probably 
Mimulates  the  nerves  of  the  ampuU.'c,  as  we  know  Ihot  affcctions-of  these  bodies  cause  verl^fo 
X2  35^)-  The  cerebellum  has  no  relation  to  the  sexual  activities,  as  was  maintained  by  {jall.  The 
eoniracttons  of  the  uieru!i  observed  by  Valentin,  iJudge,  and  Spiegelberg,  after  stimulation  of  the 
ibellum,  are  as  yet  unexplained. 
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Paihological. — l4:sions  of  one  hemisphere  mny  give  rite  to  nn  symploau;  but  tf  ibe  middle 
lobe  is  involved,  there  u  ii)ct>6idmation  of  nxtvcmcot.  c»pecially  a  lentJency  lo  £01,  oBfleadT  gw 
nnd  pronounced  verlt{;o.  [mtniive  Icsinns  of  the  middle  peduncle  cauv  complele  ey^tim  tian- 
meuii  of  the  body  aruund  Its  axU*  together  with  rouiton  of  the  eyci  nnd  bead  {XotJknagtl's. 
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381.   PROTECTIVE    APPARATUS    OF    THE    BRAIN.— The   Membrane* - 

dura  mater  cerebralis  i-.  intimately  united  lo  the  ncficwteum  of  the  co^Hty  of  the  skull,  wh'l* 
sploai  dura  roatcr  fcoms  arouttd  llie  spinal  cord  a  freely  suspended  Inng  sac,  tihed  only  on  itt  anii 
Burrace.     It  is  a  librous  membrane,  constsling  of  firm  bundle!,  of  conneaive  tissue  thtermunt  wtt 

nuniCTDus   clastic   fitnTS,  and    prmidid 
Fiu.  509.  wiili  floftenrd  connect irc-tiMue  ^°T;|*^ 

V  t.lt  cles  and  Waldeycr's  plauna  eclk    Tb 

smooth,  inner  surface  i>  covered  with  a 

^^  -  <€  'ayer  of  end<>theUuro.     It  u  bgi  tlif  hih 

-'•tdt^  supplied  witli    blood  vencU,  alihoigk 

t-  .  a  they  are   more  numennit  in  Ibc  oow 

(  \  '.^  Liyersi    the   lymphBlic»   are    numcmm 

I  P       while   ncrveA  whow   termiiuilioak  ut 

\  unknown  give  lo  the  dura  it>  ctifOMtt 

senstbitlty  to  painful   operation*  «  IL 

Pacinian  corpuscles  have  been  fottodli 

/the  dura  over  the  temporal  Imne.  TW 
lymphatic  subdural  space  1  AW  *^ 
AWxt'm)  lici  between  ihc  dum  ml 
the  arachnoid,  and  li^iM-ren  ibe  pi 
and  arachnoid  is  the  subarachnoid 
space  (R^r.  509).  Tbeie  mo  tpoi 
du  not  communicate  directly.  TW 
Veni<!>l«ccit»»  uj  the  (^uriGx  cerebri  ana  ii%  ntcmhrann:  V  yi^.  cp.   delicate  arachnoid,  thin   aod   piftidff 

toncn  cerebri:  /,  intima  pirn  dippinK  inw  »hc  sulci;  a.  amch-  prrfofated,  UOOr  in  blood  nwcli  DM 
nold,  connected  wllh  /  by  mcxna  of  die  Immc  »ul«niclnKii<J  ua-  i.,;.!.-.,,  ..-JT-.  ;-  ~^^^^t  „„  1..JI,  _- 
beoil.  in  the  Mibamcluwid  *i«.ce,  /«.■  v.v.  blood  v«i**U:  rf.  ««"<>"!  "er»c»,  i»  coveroi  on  both  W^ 
duni ;«/,  subdunl  space.  uces  wtih  ■witiiunons  endcUiclium.  Ckitf 

on  ihc  ^pttml  cord  is  it  if  parei'-'i  ^n«^ 
the  fMfl,  so  that  between  the  two  lies  the  lymphatic  subarachnoid  space;  over  (he  Iwain 
membranes  arc  for  the  mc^t  pan  unhcd  tugelltcr,  except  the  patts  bnd|>ing  over  the  tuki 
adjacent  convolutions.     The  arachnoid  passes  from  convolution  lo  convotuliim  viithout  dijtping  lUit 
the  sulci,  while  the  pia  dips  iulo  each  sulcus  (Fig,  509,  a).     The  ventricles  of  the  brain  cnmman- 
cate  freely  with  the  lymphatic  subarachnoid  space,  but  not  wiili  the  sulxlural  space.     Thr  ' 
sists  of  delicate  bundles  of  connective  tissue  without  any  admixture  of  elastic  6hres:  it 
supplied  with  Mcxid  vessels  and   lymphatics,  and  carries  nerves  which  acc()m|jany  the  bbtuj  vtsw 
into  the  substance  of  the  btnin.      1  lie  l>niphrLtic8  oi>en  into  the  (.ubarachnoid  *pace  I J  196). 

[Subarachnoid  Fluid,  or  cerebro-spinal  fluid,  ties  in  the  subarachnoid  space,  «hkh  a 
traversed  by  tinbeculir  of  connective  tiviue.  Within  the  brain  are  a  series  of  cavities  called  vca. 
tricles,  which  communicate  one  wttli  another  in  a  definite  way.  The  fourth  ventricle  Is  liaexl  ^  » 
layer  of  columnar  epithcltuuk,  and  covered  in  dor&ally  by  a  membrane  and  continuation  of  ibciiil 
mater,  from  the  middle  of  which  there  hang^  into  the  roof  of  the  fourth  ventricle  two  vascaUr  {ac- 
cesses composed  of  capillaries — the  chmaid  plexuses  of  the  fourth  venlricle,  which  are  Cfiiufl^il 
to  ihc  larger  plexuses  of  the  lateral  ventricles.  In  this  membr^ine  is  the  foramen  of  Mafeodli 
and  two  other  smaller  forauiiun,  whereby  the  fluid  io  the  subarachnoid  space  comiutxiucalca  vth 
that  in  the  fourth  ventricle;  but  the  lymphaticu  of  the  nerve  sheaths  can  l»e  injected  from  the  «^ 
arachnoid  space,  so  thai  there  is  direct  coiuiouily  of  the  fluid  in  the  ventricles  of  the  bfam  wtih  ika 
in  the  suborachrioid  space,  penvnsciilnr  spaces  of  the  cerebral  substance,  and  the  perineural  lyv^ 
atics  of  nerves.  The  average  quantity  is  alxjut  2  ounces,  and  if  it  be  suddenly  withdrawn,  epi^s* 
or  convulsions  may  be  produced ;  or,  if  it  be  rapidly  increased  in  amount,  coma  may  be  pralaaBi 
The  middle  and  postenor  parts  of  ihe  brain  and  the  medulla  oblongaia  do  not  re<it  directly  tm  \mm. 
but  ore  separated  by  a  <lislinct  inter^-al  from  thtnr  oueous  case,  an  mtenat  occupied  by  the  ccnlp» 
spinal  fluid  and  Craverted  by  trabecu1.-c,  so  that,  as  Hilton  expresses  it,  this  fluid  forms  a  pcHaQ 
water  bed  for  those  parts.  \xw^  susinined  t>y  the  venous  circulation  and  the  elasticity  of  ib«  dirt 
It  has  important  meclmnicsl  (unciions,  [Hutecling  delicate  |iarts  of  Ihe  brain  from  injury;  by 4» 
tributing  vibratory  impulses  it  imulate«  the  nerve  roots,  aod  has  imp'<rtant  relations  to  tne  c|Witfk| 
of  blood  in  the  brain  and  the  cerebral  circulation  (Chemical  Composition,  {  I9S).] 

[Spina  bifida, — Sometimes  the  )amiiixof  the  vertebne  in  the  lumbar  or  other  region  of  tbe^ial 
co'umn  are  imperfectly  developed,  in  which  case  the  niembnines  project  thtough  as  a  tumor  T 
by  cerebro-spinal  thtid  and  covered  by  akin.     The  eflects  of  rapid  tapping  or  compresoing  ihc  i 
readily  studied  in  such  coses.] 
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The  Pacchionian  bodies,  or  granulations,  nre  connective  lissue  villi,  which  serve  for  Ibe  oulBow 
of  lytnph  from  the  wibdiiral  and  subarachnoid  space*  into  the  sinuses  of  the  dura  mater,  es]3eciall}r 
(he  loiigitudtnal  sinns.  The  sulmrachnoid  space  also  commuriitatcs  with  the  space*  in  Uie  spongy 
bone  of  the  skull,  and  wlih  the  veins  of  the  skull  and  surfncc  of  ilie  face  {Khilmann),  The  «>ul>- 
durat  space  nlfo  comtnuniciten  with  tbe  lyniplinlic  spaces  in  the  dura,  while  Uie  latter  comnuinicalc 
directly  with  the  veins  of  the  dura.  Buih  ihcsub*lural  and»ut)nrachnoid  Iynjphniics|iacescommuni- 
cnte  with  the  lymphatics  of  the  iia>ul  mucous  membrane.  The  space  outside  the  durj  of  ibe  s^iinal 
cord  i.s called  the  epidural  space,  aud  may  be  regarded  as  lymphatic  in  iu  nature;  the  pjrurni  and 
peritoneal  cavities  may  be  filled  from  il ;  but  it  docs  not  comniunkate  with  the  cavilv  of  the  skull. 
I'he  plexuses  of  blood  vesst-ls  are  surrounded  by  undeveloped  connective  tis^sue.  Tlic  lebe  cho- 
Toidce  ill  the  iiewl>orn  nn.*  siiH  covered  with  ciliated  epiihclium. 

Movements  of  the  Brain. — The  pulsations  of  the  large  basal  cerebral  vessels 
communicate  their  pulsatile  movcmculs  (§  79,  6)  to  the  brain — the  respiratory 
movenients  also  affect  it.  so  that  the  brain  rises  during  expiration  and  sinks  during 
inspiration.  Lastly,  there  are  slight  alternating  vdscular  elevations  and  depres- 
sions, occurring  2  to  6  times  per  mintite,  due  to  the  periodic  dilatation  and  con- 
traction of  the  blood  vessels  (§  371).  Psychical  excitement  influences  these,  and 
they  are  most  regular  during  sleep.  The  movements  are  best  seen  especially  where 
the  membranes  of  the  brain  offer  little  resistance,  e.g.,  over  the  fontanelles  in 
children,  and  where  the  membranes  have  been  exposed  by  trephining.  The 
presence  of  the  cerebro-spinal  fluid  is  most  important  for  the  occurrence  of  these 
movements,  as  it  propagates  the  pressure  uniformly,  so  that  every  systolic  and 
expiratory  dilatation  of  the  blood  vessels  is  concentrated  upon  those  parts  of  the 
icerebral  membrane  which  do  not  offer  any  resistance  i^Donderi).  When  the  fluid 
escapes,  the  movements  may  almost  disappear. 

Mental  excitement  increases  the  pulsations  of  the  brain.  At  the  moment  of  awaking,  the  amount 
;of  blood  in  the  brain  diminishes ;  sensory  stimuli  npplied  during  sleep,  ao  that  the  sleeper  does  not 
iawake.  increase  the  amount  uf  bloocL  A-s  the  arteries  within  the  riiiid  skul!  cose  chant;e  their  vol- 
itime  with  each  pulse  bent,  the  vcin.s  (minuses)  exhibit  at  every  beat  a  pulsatile  variation  in  volume, 
the  oppoMte  of  that  occurrinj;  in  the  ancnes  (^Mass0\. 

The  Cerebral  Blood  Vessels. — The  blood  vessels  of  the  pia,  of  cootm,  are  regulated  l»y  the 
Tftsomolor  nerves  (8  356«  ^  3)<  ""f^  'I'ci''  calibre  may  also  Iw  influenced  by  ilie  stimulation  of  more 
distant  part^  of  the  body  {\  347)-  Dunders  trephined  Uie  skull  »o  as  to  make  a  round  hole,  and  filled 
lit  with  a  piece  of  glass,  so  that  with  a  microsaifie  he  could  ol»erve  changes  in  the  cnlihrc  of  the 
'blood  vessels.  Paralysis  of  the  voKpmotor  nerves  and  narcotics  dilate  the  blood  vesseU :  they  t>ccomc 
;£reftlly  contracted  nl  death  (^  373,  I).  Tlie  blood  vessels  are  dilated  during  cerebral  activity  (ij  100, 
A),  as  well  as  during  sleep.  Increased  pressure  within  the  skuU  causes  great  derangement  of  the 
.cercbrml  activity — laLorcd  respiration  (i;  36S,  IJ),  unconsciousness  even  lo  coma,  and  p:iralytJc  pbeno- 
inena — all  of  which  may  in  part  lie  referable  to  disturbances  of  the  circulaiion.  If  all  the  cranial 
arteries  t>e  ligatured  suddenly,  there  \^  immediate  loss  of  consciouineM,  together  with  strung  slimuln- 
liun  of  the  medulla  oblongata  and  its  centre;,  and  death  takes  place  rapidly  with  convulsions  (^com- 
par*  k  37 J) ■ 

By  the  free  anastomosis  which  lakes  place  nt  the  base  of  the  brain,  ftinningthe  circle  of  Willis 
(Fig.  5'0|,  the  individual  parts  of  the  brain  arc  preserved  from  want  of  blood,  when  one  or  other 
blood  vessels  is  compressed  or  ligatured.  Wilhin  the  brain,  the  arteries  are  distributed  as  "  termi- 
nal" arteries,  i. /.,  the  terminal  blanches  of  any  one  anery  end  in  their  own  area,  and  do  not 
anastomose  with  those  of  adjoining  areas  {Cohnkeim).  On  the  otlier  hand,  the  peripheral  arleriei 
(aiteries  of  the  corpus  caltosum,  Sylvian  fusure,  and  deep  cerebral)  which  ran  externally  on  Ihe 
brain,  form  free  anastomoses  (  Tichomirvw). 

[The  nutrient  or  ganglionic  arteries  for  the  central  ganglia  Ar\f^f  in  groups  from  the  circle  of 
Willis,  or  from  the  first  two  centimetres  of  its  trunks.  The  antero-median  group  (i)  supplies  the 
anterior  part  of  the  head  of  ihecnudaic  nucleus.  The  postero-median  (2}  enter  tbe  posterior  j)er- 
loralcd  space  and  supply  the  internal  surface  of  the  optic  thalami  and  the  walls  nf  the  third  ventricle. 
The  antero-lateral  groups  {3,  3)  from  the  middle  cerebral  enter  the  anterior  perforated  space, 
supply  the  corpora  striata,  the  anterior  part  of  (he  nplic  ihalamiu,  and  the  internal  capsule.  These 
branches  are  apt  to  rupture.  The  posterolateral  (4,  4)  supply  a  large  [xart  of  the  optic  that-itnl 
(Ckartff).  A  line  drawn  at  a  distance  of  two  centimetres  outside  the  circle  of  Willis,  encloses  the 
■ganglionic  area.  The  cerebral  convolutioHA  are  supplied  by  the  large  Itraaches  of  the  circle  of 
Willis.  The  anterior  cerebral  cun-es  round  the  corpus  collosum,  and  supplies  the  gyrus  rectus  and 
ihe  supra-orniial.  the  first  and  second  frontal  convolutions,  the  upjwr  pari  of  the  ascending  frontal, 
Knd  the  inner  surface  of  the  hemisphere  as  far  as  the  quadrate  lobule  (Fig.  510,  I).     The  posterior 
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cerebral  gfoes  to  the  region  of  the  occipjtnl  lobe  lod  the  infrrior  aspect  of  tlic  temporal  tobe;  Um 
TTiiddle  cerebral  or  Sylvian  artery  divides  into  four  branches^  which  ^o  to  the  posterior  pariortKe 

(ronial  lobe,  ftsccDtltng  frotiul,  «.i4 
Fig.  510.  Id  all  (he  i^u-iet*!  lol^ei^  './..  cfatc^ 

to  the  motor  arc^t  (HI),  the  i^iiv 
g>nis,  and  (o  the  fitsc  icsiporo- 
sphenoidal  lobule.  11k  imniiul 
branches  of  these  f;aiiglioaic  arenes 
do  not  anaslomose  *tth  ihc  corticil 
system.  Hg.  Si>  ^bowi  the (ancU- 
oaic  aneiies  piercing  the  baHljpn^ 
f^lis.  OI>vious1y,  when  hemornMlfK 
of  the  lenticulustriaie  aneiy  or 
"  artery  of  hemorrhage"  j4,  41 
occuis,  It  will  compreK  the  Un-iai- 
lar  nucleui,  or  icjr  it  up,  and  tuy 
even  injure  the  puts  outxide ,  kkIj 
as  the  external  CAf]«u)e,  claiutfia 
^T).  and  island  of  Kcil  <  R ),  ar  thMi 
inside,  r^.,  the  intcrital  ca^fiuk.] 

[Thus,  the  anterior  ccfefanJ 
sapplies  the  prefrontal  area  and  1 
Ntnall  part  of  the  motor  area,  ibt 
for  the  leg  centre  in  the  pan  centn] 
lubulc  and  upper  end  of  the  ncod- 
tng  fmntal  [and  perhapftthat  for  (he 
trunk),  llie  posterior  cerebnl 
supphes  the  ctnlre  for  vinuo,  tw! 
that  connected  with  the  courw  at 
the  posterior  part  of  the  ofjiic  o- 
pansion,  and  also  the  senftorr  i^rl 
of  the  internal  capsule,  llw  mUt' 
die  cerebral  supplies  the  VKtai 
areas  of  the  cortct.  except  potal 
the  leK  centre  and  the  basal  KM(iiK. 
the  auditory-  centre,  and  thti  ■« 
k[>ecch.] 

[The  cerebral  circulatioB  ka 
many  peculiarities.  The  cuntt  <a 
the  nneries  serve  to  oxMlil^  ik 
effect  of  the  cardiac  shock,  the  circle  of  Willis  permits  within  limits  a  free  circulaiion;  bat,B 
u  far  as  the  skull  is  largely  arigid  box,  it  was  at  one  time  taught  thm.  as  the  brain  substance  and  its  ttu^ 
were  practically  incooipressible,  it  was  impossible  to  alter  the  amount  of  blond  in  the  brain.  Thii> 
a  misiake.  The  amount  of  blood  undergoes  an  altcratioa  in  ttib  way.  that  when  more  blood  |)Mn 
in,  sonic  cerebro  spinal  fluid  moves  out,  and  vi'cf  zrrsd,  50  that  there  is  an  intimate  relation  be)w«a 
these  fluids.  In  the  developing  skull,  the  cercbro- spinal  fluid  may  accumulate  in  Urge  BBHOt 
within  the  ventricles,  and  greatly  distend  toththetn  and  the  yielding  skull  case  from  internal  prcuati 
as  in  acute  hydroccpbalus.  The  peculiarities  and  independence  of  the  cortical  and  gaii|baMC 
arteries  have  already  Iwcn  referred  to.  Plugfjing  by  means  of  a  clot,  vegetiUion  or  wait,  onW 
from  the  heart,  is  common  in  the  lefl  middle  cerebral  artery.  Why  ?  When  the  plug  is  •a*W 
away  by  the  blood  stream,  ouing  to  the  left  caroti<[  i^pringing  from  the  aorta  nearly  in  line  «itli  tki 
blood  current,  the  plug  readily  [)asses  inio  the  carotid  and  so  into  the  left  middle  cerebral  whid<  >* 
in  line  with  the  internal  carutid.  In  such  n  case,  the  convolutions  and  parts  supplied  by  it  areni- 
ilenly  dcprivrd  of  tiluotl  with  immediate  and  serious  results.] 

[The  venous  circulation  is  [>eculijr.  The  sinuses  are  really  spaces  between  the  layen  at  (^ 
tough  dura  mater,  and  partly  Ixiunded  by  bone.  The  blood  moves  in  the  longirodinal  sinus  &cn 
before  backward,  but  most  of  the  cortical  vei  iis  open  into  tt  in  a  forward  direction,  so  that  their  itinB 
is  opposed  to  that  in  the  sinus.  Thus,  the  blood  which  enters  the  brain  by  ascending  ancriei  iracki 
the  sinuses  by  ascending  veins,  the  reverse  of  what  obtains  elsewhere,  in  pans  where  ascendinf  von* 
convey  blood  from  descending  arteries,  whereby  the  bydrodalic  pressure  and  gravity  aid  the  orcoU- 
tion,  hut  here  gravitation  is  opposed  to  the  flow  of  blood  in  the  certlval  veina.  This  wilt  Idp  » 
explain  the  occurrence  of  thrombosts  10  these  vessels.  Some  of  the  veiiu  00  the  tur&ce  caoofli- 
cate  with  inira-cninial  vcin.s  ^.j^.,  those  of  the  noxe,  the  facial  through  the  opblhalmic*  iiuutDU*diiii 
and  veins  of  the  diplo£.  Hence,  morbid  processes  affecting  the  scalp  (erystpdas),  eir(auiBl)i* 
face  (carbuncle]  may  readily  affect  intracranial  structures  (CoWfrt).^ 


Arteriei  of  (lie  Imm  of  the  hrsin,  or  circle  of  SVIIlti.  C.  C,  internal  cxro- 
lid*;  CA,  ameiior  cercbnt :  S,  S,  Sylvian  arteries  ;  V,  V,  v«ttebradft: 
U.bJuUar ;  CH,  posterior ccrct>T«lt :  t.  3,  3,  3,4,  4.gTou(M  oT  iiuliieat 
aneii4».    liic  dotted  line  shovr&  ihc  limit  of  the  ganglioiiic  area. 


EFFECTS  OF   TRESSUKE  ON   THE   BRAIN. 
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If  a  person  who  lus  been  in  bed  for  n  long  time,  and  whose  blood  h  am&ll  in  nmount,  he  suddenly 

tntMri  iniD  the  erect  position,  cerebral  anjcmia  k  noi  unfrei)itenily  pto(lu<:ed,  owing  to  hydrostatic 

'  canse»-     At  the  same  time,  there  may  be  loss  of  cott»cioiLtiie»s  and  tnipainncnt  of  the  itvnscs.     Lie- 

'  bcmiciater  rc^'arda  the  thyroid  gland  as  a  c-jllateral  blood  rcftenruir  which  empties  its  lilnod  toward 

the  tiead  during;  such  changes  of  the  poaition  of  I  he  body.     Perhaps  ibis  may  explain  the  ftwcDing 

of  the  thjTinid  M  a  com|>ensatory  net,  when  the  heart   b«Mns  violenily.  itid  the  brain  is  surcliarged 

with  blood  (55  103,  III,  and  371).     Very  violent  muscntar  exertion,  as  well  as  marked  ocUviiy  of 

other  organs,  causes  a  very  con^dcrable  fall  of  the  blood  prc<-sure  m  ihc  carotid. 

Prcasure  on  the  Brain. ^ — The  brain  and  the  fluid  siirroundinK  it  arc  constantly  subjected  to  a 
Certain  mean  freaurr,  which  mu^t  ultimately  depend  upon  the  blood  pressure  within  the  vascular 
jisystcm.  The  investigntions  of  Naunj-n  and  Schrcilicr  on  the  eerfhfttl  prtsiure  (or  cerebro -spinal 
-jircsAurc)  showed  that  the  pressure  mu!>t  be  slightly  less  than  the  prcsstire  within  the  carotid,  before 
'the  symptoms  proper  to  pressure  on  ihc  brain  occur.  These  are,  &udden  alUcks  of  headache,  with 
Tcrtigo,  or  it  may  be  loss  of  ctinsciousncss ,  vomiting,  slowjn;;  of  the  pulse,  slow  and  shallow  respira- 
tion, convuUiom — while  the  pressure  of  the  ccrcbio-sjMnal  fluid  is  incrca-K-d.  llie  cause  of  the»e 
phenomena  lies  in  the  anaemia  of  the  brain.  If  the  pressure  is  moderate,  the  8t>ove  named  symp- 
toms may  rcmaiu  latent ;  nevertheless,  dislui^mnccs  ol  the  nutrition  of  the  brain  occur,  with  consec* 
'luive  phenomena,  such  as  pensiMcnt  slight  headache,  feeling  of  vertigo,  mtisculor  weakness  and 
.disturbances  of  vision  (owing  to  neuro-rctinltis  with  choked  disk).     Increase  of  the  blood  pressure 

Fm.  511. 
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Tr»n«Yer»e  »cciioii  of  ihe  ccrebtum  behind  the  optic  chi3«ma.    Arterie*  of  Ihe  coniui 

U,  section  of -Dptic  iraci :   L,  IctiCicuUr  tiuclciu  :   I ,  internal  cajKule  .  C,  cauoate  niicleu' 


Arterie*  of  the  coniui  striatum, 
■optic  iraci :   L,  IctiCicuUr  tiuclciu:   I,  internal  cajKule.  C,  cauoate  niicleui ;   K,  eKtenul  camu 
T,  cUmtmtn ;   R,  convalulionk  of  ihe  iilind  uf  Reil ;    V.  V,  aeciion   of  the  lalcnl   vcnirido ;    P.  P,  pIlGin  oiT 


C  k .  optic  chWnu ; 
R,  eKtenul  camule: 


,  Sylvian 

anery  ;  IK,  |>(»terior  cerebral  nilepr :  t.  intenuj  carotid ;  a,  SylviAn  ;  3,  anterior  cerebral  artery  .  '4,  4,  lenticulo- 
almte  artciw*  ;  3,  s,  Icniicular  artcrtes. 

diminishes  the  sjinptoros,  while  diminution  of  the  blood  pressure  causes  more  ^pronounced  phe- 
nomena of  cerebrospinal  ]>ressure.  In  the  dog,  fiain  t>cgins  with  a  pressure  of  70  to  80  mm.  Ilg. 
Cpnscieusmst  is  ahohshfii  when  the  pressure  is  higher,  and  at  So  to  100  mm.  sfntHHt  take  place.  A 
pressure  of  100  to  120  mm.  causes  slowing  of  the  fuhe,  owing  to  stimulation  of  the  vagus  at  its 
origin;  the  respirations  are  temporarily  accelerated  and  then  diminish.  I^ng-conlinued  se\'rre 
compres&ioo'alwa^'s,  Mx>ner  or  later,  ends  fatally.  The  blood  pressure  at  first  is  increaiicd,  owing  to 
reflex  siimulation  of  the  va«oii)otor  centre  from  the  pres&ure  stimulating  the  sen&ory  nerves;  ulti- 
mately, the  hlood  pressure  falls,  and  the  pulse  becomes  very  slow.  Irregular  variations  in  the  blood 
pressure  point  to  a  direct  central  stimulation  of  the  vasomotor  centre  by  pressure.  The  application 
of  continued  slowly  increa.sing  prevurfi  compresses  the  brain  ( Atiamkieioitt). 

38a.  COMPARATIVE— HISTORICAL.— Comparative.— Nerves  arc  absent  in  the 
protoxoa.  Ncuro-mu.scular  cells  occur  in  the  ccelenterata,  in  the  bydroida  and  medaR:?,  and 
they  are  ibe  first  indications  of  a  nervous  ajiparotus  (J[  296).  The  umbrella  of  the  medusa  is  cov- 
ered with  a  plekus  of  nerve  fibrils,  which  at  various  parts  along  its  margin  is  prnrided  with  small 
Cellular  thickenings  corresponding  to  ganglia,  and  from  these,  nerve  fibres  proceed  to  the  sense 
organs.  Many  of  the  worms  possess  a  nervous  ring  in  the  cephalic  portion,  and  in  ihwc  provided 
with  an  intestine  a  single  or  double  nervous  cord,  in  the  form  of  a  ring,  surrounds  the  pharynx. 
Krancbes  (often  two)  pass  from  this  into  the  elongated  body,  and  usually  these  carry  gauglta  corre- 
sponding to  each  ring  of  the  body  of  the  animal.     In  the  leech,  only  one  gangliatcd  cord  is  present. 


780 


COMPARATIVE   ANIi   HISTORICAL. 


In  (he  echinodermata,  a  lar^e  nerve  ring  surrounds  the  monih ;  and  firom  it  large  nervei  proecal, 
corresponding  lo  the  chief  trunks  of  the  water  vascular  siyMcm.  At  the  pointt  wliere  the  ncrrr*  itt 
given  olT,  ihe  nervous  ring  is  provided  with  ihe  so-caMcd  "ambuUcral  Drains."  The  arthropoda 
are  provided  with  a  lar^e  cq^olic  ganglion  placed  abo%e  ihe  phar>-nx.  from  which  DerTM  pan  to 
the  sense  orgniu.  Another  ganglion  lies  on  the  under  surface  of  the  pharynx,  and  it  r^nagcttJ 
with  the  fonncr  by  commisiurc).  The  pharynx  is  thus  trniltrnccd  Liy  a  gaaglUied  ring,  and  fnm  n 
proceeds  the  abdominal  gnnf^haled  double  chain  along  the  venlral  kurfKe  of  the  bodj,  ihroagb  th* 
thorax  and  ahdointn.  Soinc-tiinc!>  several  ganglia  unite  to  fonn  a  large  compound  ganglion,  whUr, 
in  other  cases,  each  segmrnt  of  (he  Inidy  contains  ils  own  ganglia.  In  the  motluaca  the  (evrplu 
geat  nervous  ring  is  present,  although  the  ganglionic  nias»;s  vary  much  in  positioi)  wtrhrn  it  A 
number  uf  compound  ganglia  He  scattered  iti  dilTtrrent  parts  of  the  body,  and  are  unl' 
t)  the  f'»nncr.  They  re{)resent  the  sjmpothetic  sj-wem.  In  cephalopoda,  the  n^ 
has  almost  no  commissure,  and  a  part  of  the  t;migliun'c  maucr  i»  encl-i»£tl  in  a  canila^nHuv  .ujh 
and  i»  often  spoVon  of  ns  a  ''brain."  Additional  ganglia  are  fnund  in  thr  mantle,  heart 
stomach.  In  vertebrates,  the  nervous  system  invariably  lies  ou  the  dorsal  aipcd  of  the  txidy. 
the  aniphioxus,  there  i«  no  separation  into  brain  and  spinal  conl.     (See  jj|  574  and  375.) 

Htiatorical. — AlVmlon    (580    11.   c.)   placed    the  seat   of  coawiousneVs   10   tlic   brain;  li 

!  131-303  A.  p.^  regarded  it  as  the  seat  of  the  impulses  for  voluntary  movcmmts.  Aris 
384  B.  c.)  ascrilwd  the  relatively  largest  brain  to  man ;  he  slated  that  it  was  inexcitalile  to  i 
(insensible).  One  of  the  (unctions  he  ascritied  lo  the  broin  was  to  cool  the  hei!  . 
heart.  Herophilus  (300  m.  c)  gave  the  name  calamus  scriptorium  ;  and  he  regarri 
as  (he  most  important  organ  for  the  maintenance  of  life.  Evctj  in  Homer  there  «..  .lj-.j 
cnces  (o  the  dangcr^t  of  injuries  uf  the  neck.  Arvtirns  and  Catsius  FcHk  (97  a.  ]>.)  were  < 
the  fact  that  lesion  of  one  cerebral  hemisphere  caused  paralysis  on  the  opposite  side  of  the  la- 
Galen  was  ac(]uainled  with  the  path  in  the  spinal  cord  connected  with  movement  and  senaliot. 
Vcsaliu.<(  (1540)  descril>ed  the  5ve  ventricles  of  the  brain.  R.  Colombo  1 1559)  otiservcd  the  ibott- 
ments  of  the  brain  Isochronuus  with  the  action  of  the  heart.  A  more  careful  description  of  (bear 
movements  was  given  by  KioUn  [  1618}.  Coitcr  ( 1573)  discovered  that  an  animal  can  live  afli? 
removal  of  iti  cerebrum.  About  the  middle  of  the  1 7th  century.  Wepfer  discovv-ml  the  hctnccrbsf^ 
nnture  of  a|ioplexy.  Schneider  (1660)  estimated  tlie  weight  of  the  lirain  in  different  anlau^ 
MlstichelH  (1709)  and  I'ctil  (1710)  described  the  decussation  of  the  tibrc>  of  the 
hel.iw  ihe  pons.     Gall  discovered  the  i>artial  origin  of  the  optic  nerve  from  the  anterior  [m 

corjjrini  quadrigeminn,  and  by  dissecting  the  brain  from  below,  he  attempted  to  trace  the  <    

the  nerve  fibres  to  the  convolutions  (iSio).     Rolando  descrtbetl  more  accurately  the  fona  of  I 
gray  matter  uf  the  Kpinal  cord.     Qirus  (18(4)  discovered  the  central  canal.     The  most  oompcDda 
work  on  the  brain  was  wrtticn  by  Burdach  (1819-1826).    The  most  recent  obserralions  are  rdonf 
to  in  the  text. 


PHYSIOLOGY  OF  THE  SENSE  ORGANS. 


383.  INTRODUCTORY  OBSERVATIONS.  —  Requisite  Condi- 
tions.— The  sense  organs  have  the  funciion  of  transferring  to  the  sensorium 
impressions  of  the  various  phenomena  of  the  external  world  ;  they  are,  in  fact,  the 
intermediate  instruments  of  sensory  perctptiopts.  In  order  that  this  may  occur,  the 
following  conditions  must  be  fulfilled:  (i)The  sense  organ,  provided  with  ils 
speciAe  end  organ,  must  be  anatomirally  perfect,  and  capable  of  acting  physio- 
logically. (2)  A  "specific  stimulus  "  must  be  present,  which  under  nortnal 
conditions  acts  upon  tneend  organ.  (3^  The  sense  organ  must  be  connected  with 
the  cerebrum  by  means  of  a  nerve,  and  the  conduction  through  this  path  must  be 
uninterrupted.  (4)  During  the  art  of  stimulation,  (he  psythica!  activity  (atten- 
tion) mast  be  directed  to  the  process,  and  then  the  sensation  results,*'.^.,  of 
light  or  sound,  through  the  iense  organ.  (5)  Lastly,  when,  by  a  psychical  act,  the 
sensation  is  referred  to  the  external  taase,  then  there  is  a  conscious  sensory  i>ercep- 
tion.  Often,  however,  this  relation  is  completed  as  an  unconscious  conclusion,  as 
it  is  essentially  a  deduction  from  previous  exix'rience. 

Stimuli.  —  With  rcganl  in  the  slimiili  which  arr  appliwi  to  the  sensory  aj^nrnlus,  we  distingtiish  : 
(l  I  Ai^UlUif  '^  homologoua  stimuli,  1.  e.,  stimuli  for  whoiic  action  the  srnsc  urganK  arc  sf^H-cially 
ftdftpted,  such  ft.^  (he  rods  and  cones  of  ihc  retinA  for  the  vibrft(ton.i  of  the  tflier.  Thit^.  each  sense 
organ  has  a  sjjccilic  funu  of  stimulus  be^t  adajAed  to  act  upon  iL  'I  hi»  is  what  juhannes  Milller 
called  the  "law  of  specific  energy."  (2)  T^ere  are  many  other  fomiK  of  stimuli  (mechanica', 
thgupal,  chcrmcnl,  electrical,  internal  somatic)  which  oci  u|X)n  the  »mc  organs,  producing  ihe  rla^li 
of  li^M  hcTii^il  when  the  evt:  i.*  :^t['uctc  ;  singing  in  the  ears  when  thcrrc  is  corlge^lion  uf  the  hend. 
These  heterologous  stimtili  act  upon  the  nervous  elements  of  the  Mtisory  apparatus  along  ihcir 
tniire  couDie.  from  (he  end  organ  to  the  cortex  cerebri.  Tbe  bomologuus  -stimuli,  on  ihe  other  hand, 
act  only  on  tbe  end  organ,  t.  r,  light  has  no  cflTect  whatever  upon  the  trunk  of  tbe  exposed  optic 
nerve. 

Strength  and  Liminal  Intensity. — Homologous  stimuli  act  upon  the  sensory 
organs  only  within  certain  limits  as  lo  sircngth.  Very  feeble  stimuli  at  first  pro- 
duce no  effect.  That  strength  of  stimulus  which  is  just  sufficient  to  tauj^c  the  t'lrst 
trace  of  a  sensation  is  called  by  Fechner  the  "  liminal  intensity  "  of  the  sensa- 
tion. As  the  strehgih  of  the  stimulus  increases,  so  also  do  the  sensations,  but  the 
sensations  increase  equally  when  the  strength  of  the  stimulus  increases  in  relative 
profxirtioiis.  Thus,  we  h.xvc  the  same  bcnsalion  of  equal  increase  of  light  when, 
instead  of  10  candles,  11,  or  instead  of  100  candKs,  no  are  lighted — the  propor- 
tion of  incre;ise  in  both  cases  is  equal  to  one-tenth.  As  the  logarithm  of  the  num- 
bers increases  in  an  equal  degree,  when  the  nnmbeni  increase  in  the  same  relative 
proportion,  the  law  may  be  expressed  thus:  ••  The  sensations  do  not  increase  wiih 
the  alfioUite  strength  of  the  stimuli,  but  nearly  as  the  logjirithin  of  the  strength  of 
the  stimulus."  This  is  Fnhttfr's  "psycho-physical  law,"  but  its  accuracy 
has  recently  been  challenged  by  E.  Hering.  [It  holds  good  only  with  regard  to 
stimuli  of  medium  strength.]  If  the  specific  stimulus  be  too  intense,  it  gives  rise 
lo  peculiar  painful  sensations,  e.  g.,  a  feeling  of  blindness  or  deafness,  as  the  rase 
may  be.  The  sease  organs  respond  to  adequate  stimuli,  but  only  within  ceriain 
\limUs  of  the  stimulus,  e,  g.,  the  car  responds  only  to  vibrating  bodies  emitting  a 
{certain  range  of  vibrations  per  second  ;  the  retina  responds  only  to  the  vibrations 
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of  the  ether  between  red  and  violet,  but  not  to  the  so-called  heat  vibratiauor  to 
the  chemically  active  vibrations. 

[It  was  Weber  who  worked  out  the  relation  lietweea  the  intensity  of  itimalt  and  tbe  dmccitai 
the  quantity  of  the  resulting  »ensiuions.  He  u&ed  tbe  method  of  "  teiut  obacrirslile  dillt-rrrvcts,"  n 
applied  to  sensations  of  pressure  and  the  mea&uremenis  of  lines  by  the  eye.  Hence,  it  iscilM 
Weber's  Lbw;  but  Fechner  expanded  it  and  asMimedthBtall  just  observable  djffiereocei  trceryuUy 
great,  and  so  the  law  i$  sometimes  called  by  his  D*me.] 

[Fechncr's  Law. — Expreuetl  in  another  way,  i be  result  depends  on  ^i)  the  (trenKth  of  the 
sliotulus,  and  {2)  the  <lc^rec  of  excitability.  Sup|K>sing  the  Uller  to  be  conMant,  while  the  forvcr  ii 
varied,  it  is  found  tliat  if  the  stimulus  be  doubled,  tripled,  or  quadrupled,  the  sensatioQ  tncreaanodf 
ax  the  h^ijriikot  of  th/  Utmulus.  Suppose  tbe  stimulus  to  be  iocrcosed  10,  too,  or  looo  tima,  Ibea 
the  sensAtion  increases  only  as  1,  2,  or  3.  Jutt  as  there  is  a  Itr^vr  limit  of  exctiatiim  Hmin<t  mtim- 
siiy  (or  ikreikohl)^  so  tlicre  Is  an  upper  limit  or  maximum  of  exdiation  or  heigki  o(  acttiihUltf, 
when  any  further  increase  produces  no  appreciable  increase  in  the  sensation.  Tbus,  we  do  duI  nObot 
any  difference  between  the  central  and  peripheral  portion  of  the  sun's  disk,  thout;h  the  differttextf 
light  intensity  is  enormous  (Su//v).  IJctwccn  tbc*c  two  is  the  rais^e  of  itnsibility  \  IVumdi').  TIkr 
i.s  always  a  constant  ratio  between  the  strength  of  the  stimulus  and  the  intensity  of  the  tenutiaa. 
The  stronger  the  stimulus  alrcndy  applied,  the  stronger  mu'^t  )«  the  iucrea&c  of  the  itimiUiis  in  ordff 
to  cause  a  perceptible  incrc.^M  of  the  sensation  (Weber's  Law},  The  nece«&ary  iDcremeat  b  a» 
]xjrtioanl  to  the  intensity  uf  the  stimulus,  and  it  Tories  for  each  sense  or)^n.  If  a  wvghi  m  10 
grammes  be  placed  in  the  hand,  it  is  found  that  3.3  grammes  must  )»e  added  or  removed  befav  i 
difference  in  the  sensation  is  perceptible  ;  if  100  grammes  are  held,  33.3  grammes  mtut  be  ftMcdr 
rt-niuvcd  10  obtain  a  |>erceptible  difference  in  the  sensation.  Tlie  magnitude  of  tbe  fraction  indiB* 
ting  ihe  increment  of  stimulus  necfssary  10  obtain  a  perceptible  difference  of  the  sensation,  is  ^kAci 
of  as  the  conslant proportion  or  the  Jistrimittuiivt  sensil«lily.  In  tbe  above  citsc  it  is  1  :  j.  Tbt 
following  table  gives  approximately  Ihe  constant  proportion  for  each  sense : — 


Muscular  Sensation,  , 
Visual  *• 


.] 


Tactile  Sensation, I  :  3.   ^j 

Thermal       "  I  :  3-   Vj 

Auditory      "  1:3.^ 

[The  application  of  the  law  to  temperature  sensations  is  beset  with  great  difliculties,  white  iv 
taste  and  smell  we  do  not  know  that  it  is  really  applicable.  From  an  CKperimcntal  \vmvX  oT  fin, 
it  cannot  be  said  to  be  proved,  and  its  application  is  obviously  somewhat  restricted  to  c«nam  «■« 
t)(HU,  and  to  these  only  within  a  certain  range.  It  certainly  does  not  hold  good  fur  sensottcu  of 
pressure,  and  muscular  sense,  near  the  lower  limits  for  these  senses.  At  best  it  t>  only  on  appnii 
malely  correct  statement  of  what  holds  true  of  the  relative  intensity  of  certain  vn«.ations  of  Uglil  MJ 
hearing,  and  less  exactly  of  pressure  and  the  mviscular  sense,  when  these  sensations  ore  of  nodcfW 
strength  "  {lMtid).'\ 

The  term  after-sensation  is  applied  to  the  following  phenomenon,  viz.,  (tot. 
as  a  rule,  the  sensation  lasis  longer  than  the  stimuhis  producing  ii  ;  thus,  ihc«  i' 
an  after-aensalion,  after  prtssure  is  applied  to  the  skin.  Subjective  sensations 
occur  when  stimuli  due  to  internal  ^roatic  causes  excite  the  nervous  apparatus  L>f 
the  sense  organ.  The  highest  degrees  of  these,  depending  mostly  upon  patholjci- 
cal  stimulation  of  the  sensory  conical  centres,  are  characterized  ashallucinatioDS, 
e.  g.,  when  a  delirious  [jerson  imagines  he  sees  figures  or  hears  sounds  which  hri.r 
no  objective  reality.  In  opposition  to  this  condition,  the  term  \llusion  is  appiirtl 
to  modifications  by  the  sensorium  of  sensations  actually  caused  by  external  objects, 
e.  g.y  when  the  rolling  of  a  wagon  is  mistaken  for  thunder. 

In  a  newborn  child,  the  sense  of  touch  19  strongly  developed,  that  of  pain  slightly,  mu<otUi 
actuations  arc  undoubtedly  present,  while  smell  and  taste  arc  frequently  confound«d.  AariU'ir 
Stimuli  are  heard  from  the  second  day  onward,  the  stimulus  of  light  immediately  after  hink,  i«i  t 
peripheral  field  of  vision  does  not  yet  exist  {CuiffH<t).  Toward  the  fotinh  lo  fifth  week,  ihr  aoT 
mcnis  of  convergence  and  accommodation  arc  noticeable,  while  after  four  months,  cokira  me  ^aCS-, 
guished.  The  various  stimuli  atre  not  perceived  simultaneously— a  reflex  inhJbuory  cenire  ts  not  1  ' 
developed  {GiHtmer). 


THE  VISUAL  APPARATUS-THE  EYE. 
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384.  HISTOLOGICAL  OBSERVATIONS.— In  the  following  remarks 
it  is  assumed  that  the  student  ib  familiar  with  the  anatomical  structure  of  the 
eye:— 

The  Cornea,  for  the  sake  of  simplicity,  Is  regarded  as  unifonnly  ^hericil,  althoogh,  properly 
speaking,  It  differs  sliglilly  from  this  form.  It  is  more  like  a  irr/t'oi/  section  of  a  .somewhat  oblique 
ellipsoid,  which  we  must  supp»<.e  to  br  formed  by  rotating  an  elHjMC  around  itK  lony  axis  {^BrUcie). 
It  is  nearly  of  uniform  |hickne<is  thtoiighout.  only  in  the  infant  ii:  i^  slightly  thicker  in  the  c«ntre,iuid 
in  ibe  idult  slightly  lUiuuer.     'llie  conica  cousin  of  the  following  layers  : — 


[i.  Anterior  Sitrtuificd  cpitticliuoi. 

2.  Anlrrior  eUstic  lanunn. 

3.  SubMantia  propria. 


Postaior  clastic  lamitia. 
Single  layer  of  epiibelium.] 


I.  The  anterior  epithelium,  stratified  and  nucleated,  consists  of  many  layers  of  cells  (Fig.  514, 
a).  The  deeper  cells  are  more  or  less  columnnr,  are  arranged  side  by  side,  and  are  called  supporting 
celU.  The  cells  of  the  middle  layers  are  more  arched,  Eind  dip  with  finger-shaped  prucetucs  into 
corresponding  spaces  between  their  neighbors.  The  most  superficial  celts  are  flat,  perfectly  smooth, 
hard,  keralio,  coiitainiog,  >()uamoiu  epithelium.    2.  The  epithelial  layer  tcsXa  upon  the  anterior 


V\c.,  512. 


Fra  513. 


<^^ 


L^^ 


Corncs  of  Uk  froK  tnuied  with  chloride  of  gold,  ihow- 
iu  the  Corneal  eorvuscUs  luintd,  and  a  few  uetve 
Rbrik. 


Cornea  of  the  froi  (rcaicd  villi  lilver  nitrsLlc :  ilic  KTOtiiiil 
«ub«tanc«  ia  lUined,  wbllc  iht  Hp&cca  for  tlic  coracAl 
corpiudes  an  left  uiuUiDcd. 


elastic  membrane  (Bowman's  elastic  lamina),  a  structtireless,  clezr,  l>asement-like  membrane  (^), 
whose  citistence  is  denied  by  IlHlckc.  3.  The  substantia  propria  of  the  cornea  consists  of 
(chondrin-yielding)  fibres  composed  of  delicate  fibrils  of  connective  tissue.  The  fibres  ore  arranged 
in  mal-ltkc  thin  laniclUe  (/),  more  or  Ic'S  united  together,  and  are  placed  in  layers  ovrr  each  other. 
Toward  the  anterior  clastic  lamina,  ihe  fibres  bend  round  and  pcrfurale  the  superficial  laraell.'e,  ihtu 
serring  as  supporting  fibres.     [These  perforating  6bres  ore  comparable  to  Shorpey's  fibres  in  bone.] 

783 


784 


THE  NERVES  OF  THE  CORNEA. 


Between  the  lomcll!).*  arc  a  fcncs  of  intcr-communi eating  Goaces  lined  by  cndotbeliam.  The»e 
5f.Nic«!i  arc  really  lymph  spaces,  and  ihcy  comtinmicnte  wilh  the  lymphnlics  of  ihc  ctrnjuucliva. 
Tbc  tixed  corneal  corpuscles  lie  in  Ihesc  spaces  (c),  ami  arc  provided  %ritli  numeroo^  {jroiresiSQ, 
whicli  anaiitomosti  with  ihc  pmccsscs  of  corpusclrs  lyinf;  between  Ihc  lamclln:  alxivc  ami  below,  aoil 
on  cither  side  of  them.  Kllhnc  al»sctve<i  that  stimulation  of  Ihc  corneal  nerve*  was  followed  by 
contraction  of  these  cells  ()  201,  7),  while  Kiihnc  and  Waldcyer  niainialn  lliat  lUcy  are  coonecled 
vrilh  the  correal  nerve  tihrils. 

[Ilie  corneal  corpuscles  are  looked  opon  as  branched  connecUre  lisiae corpUKles  lyine  in  and 
not  quite  tillinu  the  branched  spaces  between  ihe  Ininella'.  The  processes  anasinmose  freely  with 
similar  cells  in  the  same  plane,  and  to  a  less  extent  with  the  processes  of  cells  in  planer  iiomedtiii^y 

Ki.:.  514. 


"^?^: 


?*^^' 


AnierO'poKtcrior  ii«{:iion  .it  the  junction  of  ilir  r  u  u-.  "  i  i  the  irlemllc.  tf  .anterior  corneal  epIthcliuR) ;  A,  Bownan't 
Uraina;  c,  corneal  corpu>cies:  /.  comcul  IaiikIIk  (tlic  w>iok  ihickncu  lylnf  bctwt'm  #  and  li  ■«  ihr  >utMlaaiia 
propria  comez)  -  J,  De«cemel*»  membrane  :  e,  U«  vpilhclinm  :  /,  junction  of  cornea  with  ihv  sclerotic  .  g,  |inibu» 
conjiinctivaB ;  A,  conjunctiva;  /,  caTi.-U  ofSchlcmni :  *,  Ixbcr'n  vnnoot  pleaiw  (U  remrded  by  ljcl>cr  3.  Sri  ,i'.c;inf 
to  t);  m.'ttt,  meflie«  \w  ihc  li«tiiex  of  ilie  li|[.  iri()i«  (LMrctinattttn  :  m.  atiachmeni  m  the  irt«:  ..',  '  .  p, 

circular  (dUidcd  iran«vcnelv)  bundle*  of  fibre*  of  the  icIeroiiL-;  y,  perichoroidal  «pacc;  /,  mcriil  .^| 

f,  cauaturial  (ciiciiUr)  liiinalcii  vf  the  clliiiry  mutclc  ;  »,  tr4ii«vcr>c  auction  of  a  ciliary  artery,  .  .  :.  :.,  .<;i  -Ji 
the  Iri*  (a  cuniinu4tion  of  that  oB  lb*  posterior  turiacc  of  the  cornea)  j  w,  lutHUnce  of  the  mai  ^,  pie^meol  of 
tbe  Iris;  t,  a  ciliary  proeeu. 


aboTc  and  below  them.  In  a  section  5(tained  with  gold  chloride,  they  present  the  appearance  seen 
in  Fig.  512.  In  a  vettical  section  of  the  cornea,  they  appear  fusiform  and  parallel  lo  the  free  nirfice 
of  the  coniea  {Vvg.  514)-  If  the  cornea  of  a  frog  be  penciled  with  silver  nitmle,  the  cement  sub- 
stance between  the  lamella;  is  blacVened,  and  the  branched  cell  space*  remftiD  clear,  aj  in  l~ig.  513. 
llie  one  fiyure  represents,  a^  it  were,  the  [josilivc,  and  the  otlier  the  negative  image.] 

Leucocytes  also  pav^  into  these  lymph  space*  or  juice  canals.  The  import.ince  of  ihese  leucocytes 
in  tnftammalion  is  referrcrd  to  in  \  200.  4.  The  transparent,  .structure le«5,  posterior  elastic  mem- 
brane (</),  the  mem)>raDe  of  Descemet  or  Dcmouni,  is  in  many  animaU  fitH-ilUtcd,  and  shows, 
evidenoe  of  strati 6cation,  while  toward  tbe  tnargin  of  the  cortien  there  ore  occtsionslly  slight  conical 


THE  NERVES  OF  THE  CORNEA. 


785 


^ia>«^^i-  -- 


elcvftticnis.  Tiui  membrane  is  very  lough  and  very  rc^suai  (of  great  iiu]xirtftnce  in  tnSammalion). 
If  it  be  renwvcd,  it  rolU  op  toward  the  convex  »i>le.  At  its  periphery  it  becomes  continuous  with 
the  fibro-clutic  reticulated  Ji);Binenluiii  {tccttnalum  iri'lib,  wli'^sc  trnheculv  ate  covered  by  epithelium. 
y  The  pofiirrior  single  Imyer  of  epithelium  consists  of  tloi,  dcliciuc,  nucleated  ceth  (^),  which 
arc  continued  fiom  ihc  tiianjin  of  the  conu-a  on  to  the  aniai-.T  surface  of  the  iris  (»).  Fine  juice 
canals  exist  in  the  »pace!i  Iwlween  the  individual  cells  ^i'.  RttkUugkamtn).  These  spaces  commil- 
nicate  with  a  syttera  of  line  tabes  under  the  epithelium,  pcrfor*te  Docecnet's  membrane,  and  thus 
communicate  wilh  ibe  corneal  <pacc8. 

[Bowman's  tubea  are  nttiftcial  productions.  forme<l  by  forcing  air  or  a  colored  fluid  itctween 
the  laniellc,  when  it  paues  between  the  t<un'lle«  of  fibrils,  forming  a  series  of  tubes  with  diJata- 
lions  on  than  and  running  at  right  angles  to  one  another  between  the  lamclLv.] 

The  nerves  of  the  cornea,  which  arc  derived  from  the  long  and  >hon  ciliary  nerves  \\  347).  are 
partly  acnaoty  in  function.  They  enter  the  cornea  at  iln  margin  %\  tnedutlated  tibres,  hut  the  myelin 
soon  diiappean,  while  the  axial  cylinders  sfilit  up  into  fibrils.  [The  a.xiai  cylinders  branch  and  form 
a  plexus  between  the  lameUte,  especially  near  the  anterior  surface,  the  fundamental  or  ground 
plexuB  (Fig.  513,  n).  There  arc  trianKiiIor  nuclei  .it  the  nodal  points,  but  they  probably  belong  to 
the  kbeaih  of  Itauened  cells  which  cover  the  larger  branches.  There  is  a  finer  and  denser  pleiusof 
Hbrilsimmctliatirly  under  the  anterior  epithcHum,  sub  epithelial  plexus,  which  is  derived  from  the 
former,  the  tibrds  arising  in  pencils  or  groups  (Hjj.  5l*>).  Soroe  tibril*  perforate  the  anterior  eUstic 
liimina.rami  pcrforantea.  and  paM  between  the  antcricr  epithelial  ccIIk  to  form  the  intra-epUhelial 
network  (l-ig.  5i5.<^./j.  Some  observers  suppose  that  they  terminate  in  free,  pointed, or  bulbous  ends. 
There   La  alKi  a  tine  plexui  of 

fihhls    in    the    posterior    layers  Y\G,  CIC. 

of  the  cornea,  near  Descemei's  *  ^ 

membrane.  It  gives  off  nuimroas 
fine  tibriU  which  come  into  inti- 
mate, if  not  direct,  analumieal 
relation  with  the  corneal  corpus- 
cles, '("he  trvphic  (ibrcs  of  the 
cornea  ({  347)  are,  peTha[&,  those 
deeper  branches  which  are  con- 
nected with  the  corneal  corpus- 
des.1 

[Method. — These  fibrils  are 
ben  revealed  by  staining  a  cornea 
with  chloride  of  gold,  which 
tinges  them  uf  a  i^uq>ht)h  lute 
after  exposure  to  light  \^L'ohn- 
Jketm).\ 

Blood  vessels  occur  only  in  -       —  /^ 

the   outer  marRin  »f  the  cornea  Vertical  .«tlon  rf  ihe con*,  .ui^d  with  ,dW  cMorM*.    .. 
( I- ig.  5 IS,  t').  and  extend  a  mm.  pcrforaitd  bcanch  ;  f.niKtaw; /,*.  lnt«-«p.UwlUll«.<.  mU; 

over  the  cornea  aUivc,  1. 5  mm.         i,an»«rioreUMlcUinin». 
Mow,  and  1  mm.  laterally — the 

mofit  exicmat  capillaries  form  arched  loops,  and  th\u  tam  on  themselves.  The  cornea  is  nouruhed 
from  the  blood  vessels  in  its  margin.  1  >paciiies  of  the  cornea  give  rise  to  many  forms  of  visual 
delect*. 

The  sclerotic  is  a  thick  fibrous  memt-r^me.  com^xMcd  of,  />,  circular  (equatorial)  and,  o,  longi> 
tudinal  (meridional)  bundles  of  connective  tiuuc  woven  together  ^Kig.  514).  The  tpaces  between 
the  bundles  contain  colorless  and  pigmented  connective. tissue  curpusclci  and  also  leucocytes.  Il  b 
thickest  poMeriorly,  thinner  at  ibe  equator,  while  in  Ironl  of  this  ii  again  liccorors  thicker,  owing  to 
like  insertion  of  the  tendoni  of  the  ilrai(;ht  muscles  of  the  eyeball.  It  contains  few  blood  vessels, 
which  form  0  wide-me<ibed  capillary  plexus,  immedialely  under  its  deep  sur&ce.  Other  vevaels  form 
■n  arterial  ring  around  the  entrance  of  the  optic  nerve.  It  rarely  is  quite  spherical ;  it  rather  resem- 
bles an  ellipsoid,  which  we  migiii  imagine  to  be  formed  by  the  rotation  af  an  ellipse  around  itsshort 
axis  (tbort  cycs)  or  around  its  long  axis  (long  eyes).  Above  and  ticlow,  the  sclerotic  overUfw  like  a 
fold  the  clear  margin  of  the  cornea;  hence,  when  the  cornea  is  viewed  from  before,  it  appears  trans- 
versely elli|>iical,  when  seen  from  behind,  it  apfieart  circular.  Following  the  margin  of  the  cornea, 
but  lying  still  within  the  rabstanceof  the  sclerotic,  is  the  circular  canal  of  Schlemm  (r).  which 
oommunicates  with  other  anasiomctttng  veins,  the  vcimus  plexus  of  Leber  [k).  Scbwalbe  ondWal- 
deyer  regard  Schlenim's  canal  ns  a  lymphatic.  Poslenorly,  the  sclerotic  Itecomes  continuous  with  ibe 
hbrous  covering  of  the  oplic  nerve  derived  from  tlie  dura  mater.  The  sclenMic  is  provided  wtlh 
nerves,  which  are  uid  to  terminate  in  the  cells  of  the  scleral  substance  {Utffrtitk). 

The  tunica  uvea,  or  the  uveal  tract,  is  composed  of  the  choroid,  the  ciliary  part  o(  the  cboioid, 
and  the  iris. 

The  choroid  is  composed  of  the  following  layers  (Hg.  517^:  (l)  Most  imemally  is  the  trans- 
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parent  limiting  membrane,  0.7  n  in  thickness,  but  it  \s  sltglitly  lltickcr  anterior!)-,  (a)  The  'nrf 
vascular  capillary  network  uf  Uie  chorio-capillahs,  or  meml>nine  of  Ruysch,  etnltedded  in  a 
homojiPntoLis  layer.  Then  followR  (j)  a  I-iycr  of  a  ihitk  elastic  network,  coverotl  on  U>lli  surtacev 
I)y  endolhclium  [Saft!er).  (4)  The  choroid  proper  consists  of  a  layer  with  pigmented  connective 
lifauc  cnrpvuclca,  together  with  a  thick  elastic  network,  contaioing  the  numeroiLS  venous  vessels  as  well 
as  the  atleries.  The  pigmente<l  layen;  are  known  as  the  supra-choroidea,  or  lamina  fusca,  which 
sunuunds  the  larj^c  lymphatic  space  lined  with  cudothelium  and  called  the  perichoroidal  space,  f. 
In  newborn  infsntii,  which  according  to  Aristotle  have  the  iris  dark  blue,  Ibc  uveal  tissue  is  devoid 
of  pigment ;  in  truncites  it  is  develope<t  later,  and  in  blondes  not  at  all. 

In  the  ciliary  part  tifthu  choroid,  the  pigmented  cunnective-lissuecorjnisclesare  not  so  oumerona. 
The  ciliary  muscle  [tCD:ior  chomidea?,  or  muscle  of  accummodation)  is  placed  in  this  r^on.  It 
arises  (j),  by  means  of  a  branched,  reticulated,  connective  tissue  origin,  from  the  inner  side  of  the 
junction  of  the  cornea  and  the  sclerotic,  near  the  canal  of  Scblemm,  and  |]a<i«e»  backward  to  be 
inserted  into  the  choruid.  This  constitutes  the  radiating  fibres.  Other  fibres  lying  internal  to  these 
are  airiiigcd  circularly, /,  in  Imndlesin  the  cilinry  maigin.  Tlicse  circular  tibres  are  sometimes  called 
Ueinrich  Mailer's  muscle,  'llic  muscle  cousbls  of  smooth  musculai-  tibrea,  and  is  suppliexl  b)  the 
oculomoiorius  \^  345,  3). 


Fig.  5x6, 


Nerve  plexus  tn  the  cornea  iificr  sold  chloride,     m,  nerve; 
X,  6briU. 


Vertical  section  of  the  choroid  and  a  part  of  the  adc- 

rollc.  (1)  sclerotic:  ts)  tomlnasupfa-chonMea: 
(i>  Uyerof  laritc  v<^MrU:  («)  Umltinf  layer;  Ijl 
chorio-capillaru;  i.t)  hyjjtnc  membrane;  (r)pic- 
meni  epithelium:  l,c)  '^^'S*  blwxl  wncb ,-  t/J 
pigment  cclU ;  (c)  iCLtions  of  capillaries. 


The  iris  consists  of  the  following  parts  from  before  backward  :  a  layer  of  epithelial  cells  (r)  con- 
llnuous  with  those  covering  the  poslcrinr  surface  of  the  cornea,  a  layer  of  reticulated  conned  ive  li«oc, 
the  layer  of  blood  vessels,  nnd  lastly  a  posterior  limiting  membrnne.  which  contains  the  pigmentary 
epitheUuin  (j-)  i^Mickel).  In  brunettes,  the  tcxlure  of  the  iris  coninin^  ptginentcd  connective  tissue 
con>U5cIes.  The  iris  in  some  animals  is  described  as  containing  two  muscles  coroix»ed  of  smodh 
m□^cula^  tilves— one  set  constituting  the  sphincter  pupillae  (circular— Fig.  533),  which  surroundi 
the  pupil,  and  lies  nearer  the  posterior  than  ihe  anterior  surface  of  the  trii  {\  302).  Its  nerve  ttf 
•supply  14  derived  from  the  oculomotorias  {\  345,  2).  The  other  fibres  constitute  the  dilator 
pupill*  iraiitniing^.which  consists  of  a  thinner  1  oyer  of  fiWe*  ananged  in  a  radiale  maimer.  Some 
of  the  td»re*  reach  to  the  mai^in  of  the  pupil,  while  others  bend  into  the  sphincter.  [The  existence 
of  a  dilator  pupiJhe  in  m.in  is  denied  (5  392].]  At  the  outer  mari;in  of  the  iris,  the  radial  bundles 
are  arranged  in  anastomosing  arches,  and  fcnn  a  circular  muscular  layer  \A/erJtfl\.  The  chief  nerve 
of  supply  for  the  dilrnor  fibres  is  the  sjmpathetic  (?  347,  3).  <iangha  occur  in  the  ciliary  nerve*  in 
the  choroid  [and  iheysre  found  also  in  the  iiis],  licriach  has  recently  applied  the  term  Jigamrm/uM 
ttHHultire  ^ul6i  to  thai  complex  Hhroas  arrangement  which  surrounds  the  in?,  and  at  ibe  satne  lime 
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flint  nf  nnion  of  the  ciliftry  body,  iris,  ciliary  muscle,  linus  venofitu  iridis,  and  the  line  of 
junciion  o(  the  cornea  and  scIcTOtic. 

The  choroidal  vessels  are  of  great  impoitaiice  in  connection  with  the  DutrlLlon  of  the  eye. 
Acconlinj;  to  l-dicr,  they  art  arrant^wl  as  follows: 
The  arteries  are — J  The  short  posterior  cili- 
ary, which  are  al)ont  twenty  in  numlTcr  and  per-  J^"^'  5'S- 
foraie  the  scleroiic  Dear  the  opUc  neive  (Fig.  51S. 
a,  fj).  They  lenuinate  in  the  vascular  network 
of  the  chorio-capillnm  (m),  which  reaches  a>i  far 
as  theoni  iterraia.  2.  The  long  posterior  ciliary; 
one  of  tbe<ie  lies  on  ihe  nasnl  and  the  other  on  the 
icm[K>ral  side,  and  they  run  16)  to  the  ciIiaT>*  part 
of  the  choroid,  where  they  divide  dichotoiiiously, 

and  penciralc  into  the  iris,  where  they  help  to  (orta  j^- ,  'Ni  \ -v     "'^s.  A 

the  circulus  arteriosus  iridis  major  (/).     3.  The  ^^„>-^ 

anterior  ciliary  (c),  which  arise  from  the  muscu-  -^"""'^ 

lar  branches  ixrrfuiate  the  sclerotic  anteriorly,  and 
give  branches  to  the  ciliary  [wrt  of  the  choroid  and 

to  the  iris.     About  twelve  branches  run  bockward 

^o)  from  them  to  the  chorio-cnpillaris. 

Veins. — i.    'Ilie  anterior    ciliary   veiaB    (r) 

ICceive  the  blood  from  the  anterior  jjart  of  the  uvea 
,nd  carry  it  outward.     ThcNe  branches  are   con- 

Dectcd  with  Schlemm's  can&l  and   Ldier's  venous 

Mexus.     They  do  not  receive  any  blood  from  (he 

vis.     a.  The  venous  plexus  of  the  cihar}'  pro- 
cesses \r\  receives  the  blood  from  the  iris  (y),  awl 

passes  oackward  to  the  choroidal  vcina.     3.  The 

Huge  vasa  vortlcosa  Stenosis  (A)  perforate  the 

"ilerolic  Iiehind  ihe  equator  of  (he  bulb.  ( 

The  inner   margin  of  the  iris  re^ts  upon  Ihe 

anterior  Aurfacc  of  tlie  lens ;  the  pusterior  chamler 

k  small  in  adults,  and  in  the  newborn   child    it 

inay  l>e  said  scarcely  to  exist — it  is  so  small. 

Vhen    Berlin  blue   is  injected  into  the  anterior 

cbamt>er  of  the  eye,  it  generally  passes  uilo  the 

fenterior  ciliary  veins  {^S(hw<i{he).     Even  in  living 

•niotaU,  carmin  also  behaves  in  a  similar  manner 

(Heisffitfi):  hence,  these  otiscrrers  conclude  that 

there  is  a  dirtet  communication  between  the  veins 
ind  the  aqueous  chamber,  as  these  subsitances  do  ttUsmm  of  the  blood  **■"« 

not  diffuse  through  membranes.  "*•"'•  '^^^'^'  "«''^"  .'-'«*"'  *"^ 

Internal  to  the  choroid  lies  the  sinf^Ie  layer  of 


>^' 
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fcWfcm?*^  cells  fa.0135  to  0.03  mm.  in  breadth) 
ninHNMi  crystalline  pigment.  I'his  layer  really 
belongs  to  tlic  retina.  It  coii-ii^ts  of  a  single  layer 
of  cells  as  iox  as  Ihe  ora  serra'-n — it  is  continued  on 
to  the  ciliary  proccfses  and  the  posterior  surface 
of  the  iris,  where  it  forms  several  layers  (Fig  5 1 4, 
jt).  In  albinos  it  is  devoid  of  pigment;  on  the 
Other  hand,  the  upperm-'Sl  eel I.s,  which  lie  on  the 
Tidges  of  Ihe  ciliar\'  processes,  are  always  devoid 
of  pigment.  [The  procesies  of  lhc<c  cells  vary  in 
length  with  the  nature  and  kind  of  light  acling  on 


fiftlietye  (horiinnlal  view, 

t,  willi  .1  oouhic   ccniuiirj. 

a,  a,  short  poklcrior  ciliary:  /.  lone  positfrior  cili»if ; 

d',  artery 


t'.  <f,  nnterior  cilur^'  aricry  and  *-ein  ;  rf.  . 
and  vein  of  die  coniiiiicliva  :  t.  r',  ccrtral  aricrj-  and 
v«in  of  icltna  :  /,  nlixtd  vcmcIs  of  the  inner,  and  f, 
o[  the  Dulct  opiic  I  heath  :  A.vuriicosc  vein:  1.  jto*- 
torior  short  cihary  vein  confined  to  the  «cteroik  ;  *, 
branch  of  ihe  posterior  »horl  ciliary  anery  lo  the 
optic  ncr«ei  /.  anaittuni(»U  of  (he  choroidal  vesscts 
w-ith  tliOKc  of  the  optic:  w,  chorio^apilUrU:  m, 
episcleral  bmiichca :  #.  recurrent  choroidal  artery  :  /, 
great  circular  artery  of  irit  (transverse  tection) .  i/, 
blood  vet«el«  ("f  ihe  iris  :  r,  ciliary  proccw  ;  j,  branch 
of  a  vinlfcofce  vein  ftom  ihe  ciliary  lau.acW  :  /,  branch 
uf  the  anterior  ciliary  vein  lo  th«  ciliary  muiclc;  ■, 
circuhr  vein:  f.  marginal  loop*  of  vwftels  on  the 
coritea :  fc,  anterior  artery  and  vein  of  tbe  conjunctiva. 

Ibe~retina  \^_  JyS) 

ihe  retina  externally  is  in  contact  with  the  layer  of  hexagonal   pigment  cells  (/*(").  which  in  its 

cvelopment  and   functions  really  belongs  to  the  ri'lina.    The  cells  are  nol   Ral,  but  they  send  pig- 

kienled  processes  into  the  spjice  lietween  the   ends  of  the  rod*.     In  "ome  animals  (rabb'i)  the  cells 

DonUia    fatty  granules  and   other  substances.     The   cells  arc  larger  and  dnrlter  at  the  ura  scrrat* 

\^A'iihne).     The  retina  is  composed  of  the  fallowing  layers,  i»rocceding  from  wilhuul  inward  : — 


[i.  I^yer  Dl  pigment  cells. 

2.  Rods  and  cones.  * 

3.  Hxttmni  lifNiting  membrane. 

4.  Outer  nuclear  layer. 

5.  Outer  molecular  (granular  or  inter- 

nuclear)  layer. 


6.  Inner  nuclear  layer. 

7.  Inner  molecular  (granular)  layer. 

8.  I  aycr  of  n«!r\*e  cell!*  (ganghonic  layer). 

9.  l.aycr  of  nerve  fibres. 

10,  itttirmit  limiling  membrant,'\ 
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1.  The  hexagonal  pigment  cells  already  dcscrilted.  2.  Tbe  layerof  TPtla  f  nd  fflfl**  (J 
neuro-fpif helium  of  Schwnlbc  \liatiUary  layer,  or  the  visual  celli^  or  vtiuat  rpitkttium  of  Kl_ 
(Fit;.  5-0}-  These  Ue  cxitd-nally  next  the  choroiti,  Imi  ihey  are  abscni  at  ihe  cnironcc  of  ibel 
nerve.  Then  follows  ihc  external  limiting  membrane  (  //),  uhSch  b  pcrforairrJ  I'V  the  Im 
Ibe  ro(l&  and  coneb.  3.  Tde  exiernal  nuclear  layer  \au.K) ;  this  ami  all  the  ^uccee^lrnglaymiR 
cnlled  "t>rain  Uycni  "  by  Schwalbe.  4.  'llic  external  granular  (an.t^r).va  intemucif  r  liy*r.  wtocfc 
is  [lerforaied  by  the  fibres  which  proceed  inward  from  the  nuclei  of  3  to  reach  5,  the  nadei  of  iltc 
JBjiernal  nucle&r  layer  j^inA').     llie  nuclei  of  ibts  layer,  which  are  coruiccted  by  lil«c*«iikikt 


Fin.   530. 


Xn 


Kic.  519. 


\& 


^^ 


'iX 


y 


-;<^,;..^Vp:;t;^ 


Vertical  MCtion  of  human  rclliu.  m,  nid»  and 
cones :  h.  exl.,  ami  /,  Int.  limit.  Diemb  -  c, 
en  ,  ftnd  /,  int.  nucl.  Uyet*  ;  <■,  exu,  andf, 
Int.  gran,  f-iycr^  ;  k,  biftod  vtuel  amI  dcttc 
ccUf  :  f ,  ncrvc  fibres. 


MM 


U 


Layer*  uf  the  iHiiu.  fH,  bca- 
a^txiitl  pigmvnl  c«tU ;  Si, 
rwlt  and  cone* :  C*,  (  ~ 
jiintilnK  membntne ;  Jm 
eal.  luiclcar  layer ;  mil^9^ 
CKt-  ^nnuLir  Ujrcr;  im 
Int.  nitcle«r  ;  *m^.  " 
inutubr :  C^A  caiwUi 
nenrc  c«11» ;  ',  fi^"-*  ■'*  <-'" 
tiarv«:    l.i.  In! 

A*,  nuclei :  .V.  V  ■ 
ncrvoiH  eKmcMB. 


UftJ 


Tod.s  and  cones,  nre  niarke*!  by  Iransver-c  lines  in  the  mncula  lulea  [Krauie^  Denit^fnJtn),  6-  TIkI 
granular  iiiternal  granular  layer  (/rf^^r),  through  which  the  libres  proceedinf*  from  the  ioneri 
layer  cannot  be  traced.  It  would  i^ecm  ns  if  ihese  tibrcs  lirrnk  up  into  the  finesi  6briK,  iDloi 
aUo  the  branched  procevcxof  the  c^nghonic  cells  of  7,  the  £iUl£lUUUlr  l*/^^*  extend,  Aonrdfaf 
lo  V.  Vintschgau,  the  priKe'^sc^of  the  yin^liunic  cells  are  connected  wltl>  the  filircs.  S.  "TTie  ocit,* 
fibrous  lu)'cr,  consisls  of  ibe  fibres  of  the  optic  nerve  (c),  and  inosJ  internally  i»  the  2H!S9^ 
limiting  membrane  {i-i)-  According  ii*  \V.  Krause,  there  ate 400,000  broody  and  a«  nun^  1 
opiic  tibrcs,  >o  that  for  every  fibre  there  are  7  cone&,  about  100  rods  •"**  7  pigment  cells.    *"* 
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fibres  ore  absent  from  ihe  imicuU  luteo,  where,  however,  (here  are  numerous  ganglionic  cdU.  He- 
tvre^n  the  two  homogeneoiLi  limuinginembnincs(Zr  and  Li)  lies  the  connective-tissue  aubstance 
of  Oierciina.  It  contains  the  perforating  filireB,oT  MiiUer's  fibres,  which  nm  in  a  radiate  niauDcr 
between  the  two  niemL>rancs,  and  bald  the  various  layers  of  the  retina  loyctjicr.  They  Lcgin  by  a 
wing'ftbaped  expansion  nt  the  internal  limiting  membrane  {h'k),  and  in  iheir  course  ouiwnrd  contain 
imclei  Ik).  They  are  al^sent  at  the  ydlow  spul.  'llie  suppurlinir  tissue  furms  a  network  in  oil  the 
bijrers.  holes  being  left  for  the  nervous  portions  {Sg),  The  inner  sogmenti  of  the  rotU  and  cones 
ore  aUo  surrounded  by  asuMcntncuIar  substance.  As  the  retina  puses  forward  to  the  ora  serrata,  it 
Ijccoincs  (hiiinerand  thinner,  grndually  becoming  iiclicr  in  connective -tissue  elements  and  poorer  in 
nerve  clementA,  until, in  the  ciliary  part,  only  the  cylindrical  cells  remain  (l''ig.  519). 

[Macula  Lutea  and  Fovea  Centralis. — There  are  no  rods  in  the  fuvea,  while  ihe  cones  are 
longer  and  narower  than  iti  ilie  otlicr  parts  of  the  retina  {Fig.  521).  The  other  layer*  also  arc 
thinner,  especially  at  the  macula  lutea,  but  they  become  thicker  toward  the  margins  of  the  fovea, 
where  the  ganglionic  layer  consists  of  several  ruws  of  bipolar  cells.  The  yellow  tint  is  due  to  pig. 
meat  lying  between  the  layers  composing  the  yellow  spot.] 

The  bloodvessels  of  the  retina  lie  in  the  t»w^r  layers  near  the  inner  granular  layer.  Only 
near  the  entrance  of  the  optic  nerve  are  they  connected  by  fine  branches  with  the  choroidal  ves«ls  ; 
ibcy  are  aiurouaJcd  by  perivascular  lymph  spaces.  The  grcaic^st  number  of  capillaries  rum  in  the 
layers  external  to  the  inner  granular  layer  {/fessf).  The  fovea  centralis  is  devoid  of  blood  vessels 
{Ntlltfxkif,  Buitr).  Except  in  mimmnls,  the  eel  {Denissenio),  and  some  tDrtoises  (//.  MiUJfr)^ 
the  retina  receives  no  blood  vessels.     Destruction  of  the  retina  is  followed  by  bhndness. 


Flo.  5a I. 


Section  uf  th«  fovea  omtnlls.    «,  conm:  ^  and  /-,  ini.  and  exi.  limit,  meoib.:  c,  cxi.,  and  /,  nuclear  layer; 

df  fibres ;  /,  nerve  cells. 


[Retinal  Epithelium. — The  single  layer  of  pigmentary  cells  containing  grannies  cf  melanin 
send^  processes  downward,  like  the  hairs  of  a  brvi«h,  between  the  rods  and  cones  {\  39S).  Kiihnc 
hfl.<»  shown  that  the  nature nnd  amount  of  light  influence  Ihe  condition  of  the^se  processes  (Fig.  563). 
The  protoplasm  of  these  cells  in  a  fro^  kept  for  several  hours  in  the  dark,  ib  retraL-led,  and  the  pig- 
ment granules  lie  chiefly  in  the  body  of  the  cell  and  in  the  processes  near  the  cell.  In  a  ft-og  kq)t 
in  bright  daylight,  the  processes  loaded  with  pigment  peneiraie  downward  between  the  lods  and 
cones  as  far  as  the  external  limiting  membrane.] 

Each  rod  and  cone  consists  of  an  outer  and  an  inner  segment.  During  life,  the  outer  segment 
contains  a  reddish  pigment  or  the  visual  purple  {Boil). 

Viaual  purple  [or  rhodopsin]  may  be  preserved  by  keeping  the  eye  in  darkness;  hut  It  is  soon 
blcacnc^l  \'\  'fanlight,  while  it  is  again  restored  when  the  eye  is  placed  in  darkness.  It  can  be 
etlractcii  from  the  retina  by  means  of  a  2.5  per  cent-  solution  of  ihc  bile  acids,  especially  from  eyes 
that  have  been  kepi  in  loperceni.  solution  of  common  salt  [Ayrfi).  The  rods  are  0.04  to  0.06  mm. 
high  and  0.0016  to  o.ooiX  mm.  broad,  and  exhibit  longiludinnl  striation,  produced  by  the  presence 
of  fine  grooves;  a  fine  fibril  runs  in  their  interior  {/^ifffr).  The  external  segment  occasionally* 
cleaves  transversely  into  a  number  of  fine  transparent  disks.  [It  is  a  very  resistant  structure,  and  in 
this  respect  resembles  neury. keratin.]  Krause  found  an  ellip-ioidal  liody,  the  "  rod  ellipsoid,"  al  the 
junction  of  the  inner  and  outer  segments  of  the  rods.  The  cones  are  devoid  of  visual  purple,  but 
their  outer  segment  is  striated  longitudinally,  and  it  also  readily  I>reaks  across  into  thin  dUks.  Only 
cones  are  present  in  the  macula  lutea.  In  the  neighborhood  of  the  yellow  si^it,  each  cone  is  sur- 
rounded by  a  ring  of  rods.  The  cones  become  less  numerous  toward  the  periphery  of  the  retina. 
In  nocturnal  animals,  such  as  the  owl  and  bat,  there  are  either  no  cones  or  imperfect  ones.     The 
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retina:  of  birds  contain  m&ny  cones,  ihit  of  the  tortoise  only  cooes.  The  rods  aod  cooet  tot  on  ikr 
sieve-like  perforaie<l  external  limiiin|T  memtirane  (Lr),  Both  »fTul  proccues  thixMit^fa  the  mcmlinH, 
the  cuiies  to  (he  Inrger  nnd  higher- placed  nuclei,  the  nxU  to  the  nociei.  with  traim«f»c  nurkiagft  ia 
the  external  nuclear  lajcr,  [The  cones  ue  particularly  Urge  In  fume  tUbcs,  e.j;.,  the  cod,  whOclbc 
skate  has  no  cones  but  only  rods.  The  same  is  tlic  case  in  the  ihark  >n<l  siurj^eon,  hadfchog.  iH 
and  mole.] 

[Distribution  and  Regeneration  of  Rbodopsin. — Keep  a  rabbit  in  tlie  dark  (nr  aomettan, 
kill  it,  rmKire  it^  eyeball,  antl  examine  its  retina  by  the  sid  of  moaochranutic  (Kxliani'i  ligbt  TV 
retina  will  be  purple  red  in  color,  all  except  the  macula  lutea  and  a  small  pan  ai  the  on  Mmu 
The  pigment  is  confined  to  the  outer  jegmmtt  of  ike  roUt.  It  is  absent  in  pigrons,  hem,  sai 
one  hat,  although  the  last  has  only  rods.  It  is  found  both  in  noclurnnl  and  diumal  animsk  In 
color  is  tjuickly  bleached  by  light,  and  it  fades  rapidly  at  a  temperature  of  50*  to  76*  11,  iihile 
trypsin,  alum,  and  ammonia  do  not  ofTcct  it  It  is  restored  in  the  retina  by  the  actioo  of  the  reliiiJ 
epithelium.  If  the  retinal  epithelium  or  choroid  be  Uhed  off  from  au  cxcik<J  eye  ex poaed  bs  bflt. 
the  purple  is  <lcMriiyc<l ;  but  if  the  eye  be  placed  in  darkness  and  the  retinal  epithclinm  r*placr4, 
the  color  is  restored.] 

Chemistry  of  the  Retina. — The  reaction  of  the  retina,  when  quite  fresh.  Is  add.  and  Xvtutts 
alkaline  in  darkness.  The  rods  and  cones  contain  albumin,  ncuru- keratin,  nuclein.  and  in  thrcmn 
are  the  plj^cnted  oil  globules,  the  so-called  "  chromophanes."  The  other  layers  cootaia  tbe 
constituents  of  the  gray  matter  of  the  brain. 

S Cones. — There  is  no  coloring  mniler  in  the  outer  segment  of  the  cooes,  but  in  6sbes,  rqado^ 
Dirdstlie  inner  segment  contains  a  globular -colored  body,  often  red  and  yellow,  the  pifaun 
bcin^  bcM  in  sulution  by  a  faity  body.  KUbne  has  separated  a  green  (cblorophanej,  a  ycUoa 
(xanthophane),  and  a  red  (rbodopbane)  pigmenL  They  all  give  a  blue  with  iodine,  lod  m 
bleached  by  light  (.S'/'Awa/iV).] 

The  crystalline  lens  is  enclosed  in  a  transparent  ci^wule,  thicker  anteriorly  than  posteriorly. ad 
it  is  covered  on  the  inner  surface  of  the  anterior  wall  by  a  layer  of  low  epithelium.  Tovtid  Uie 
margin  of  the  lens,  these  cells  elongate  into  nucleated  fibres,  which  all  bend  round  the  atrgtne/ 
the  lens,  and  on  lioth  sides  of  the  Icnx  abut  wiih  their  ends  ogaitut  each  of  the  Iriradiale  ficvft' 
The  lens  fibres  contain  globulin  enclosed  in  a  kind  of  membrane.  t>wing  to  mutual  pressure,  ihti 
are  hexagonal  when  seen  in  transverse  section  ( Fig.  522, 1),  while  in  many  animals,  espcosHy  talto. 
their  margins  ore  serrated  [ibe  teeth  dovetail  into  each  other].  For  the  sake  of  simpboty,  wc  a« 
regard  the  lens  ns  a  biconvex  body  with  spherical  surfaces,  the  posterior  suface  being  more  cirrtd 
As  n  matter  of  fact,  the  anterior  part  is  part  of  an  ellipsoid  formed  by  rotation  on  a  short  aiis.  Tke 
posterior  surface  resembles  tbe  section  of  a  paraboloid,  1.  <>.,  we  might  regard  it  as  formed  Xf^^^ 
rotation  of  a  paralxila  on  its  axis  \Br{ifki).  The  outer  layers  of  the  lent  have  less  refractive jKrwr 
than  the  more  internal  layers.     The  central  part  of  the  lens  or  nucleus  is,  at  the  same  time,  eroKi, 

and  more  convex  than  the  entire  lens.  The  margin  of  the  kas 
is  always  separated  from  the  ciliary  processes  by  so  iuoBe- 
diate  space. 

[Chemistry. — The  lens  cootainsabout  two-thirds  of  iuvciflK 
of  water,  while  its  chief  solid  is  a  globulin,  called  hy  Bersdin 
crystallin  {24.6  percent.),  with  a  little  scrum  aIbiuBiA,ut«. 
cholcsterin,  and  fats,] 

[Cataract. — Sometimes  the  lens  becomes  more  ce  Ira 
opQijue,  the  opacity  tieginning  cither  in  the  middle  or  oslcr 
poru  of^  the  lens.  This  is  generally  due  to  fatty  d^CMnint 
of  the  fibres,  cholesterin  being  dcjiusited.  An  opaqoe, dCsnct- 
ous  condition  of  the  lens  may  be  produced  in  frogs,  by  iSfKUf 
a  solution  of  some  salts  or  sugar  in  the  lympb  sacs;  the  nut 
is  that  these  saUs  absorb  the  water  from  the  leoi,  and  Aas  nab 
it  opaque.  The  cataract  of  diaWtcs  is  probably  produced  h* 
the  presence  of  grape  sugar  in  tbe  blood.] 

'Inc  zonule  of  Zinn,  at  tbe  era  serraia,  is  app&sd  •• 
foldc<l  incniUane  to  t'he  ciliary  part  of  tbe  tnrca.  fo  dm  tk 
ciliary  processes  arc  pressed  into  its  (bids  and  arc  ooiltd  *■  C- 
It  passes  to  tbe  margins  of  the  lens,  where  it  is  ftacfiol  bf  * 
series  uf  fuldi  into  the  anterior  port  of  the  capsule  of  the  na 
Behind  the  zonule  of  Zinn,  and  reaching  as  Csr  as  Ae  lilrHB 
humor,  is  the  canal  of  Petit.  The  <ouuIe  is  a  fibnias  y*' 
fnratrd  membmne.  According  to  Merkel,  tbe  canal  o(  [HI* 
enclosed  by  very  fine  fibres,  so  that  it  is  really  not  a  oHH^h* 
a  complex  communicating  system  of  *paccs  \^GerU£h\.  Vtst- 
theless,  the  ronule  represents  a  stretched  membrane,  holding  tbe  lens  in  position,  and  may  (boKfEse 
be  regarded  as  the  suspensory  ligament  of  the  lens. 

Opacity  or  cloudiness  of  the  lens  (gray  cataract)  hinders  tbe  pusage  of  light  info  ifcc  <^ 
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Aphakia,  or  the  absence  of  the  lens  (as  nrier  operation  for  cataract)  may  be  remedied  by  a  pair  of 
strong  convex  upecurlcs.     Of  course,  such  an  eye  docs  not  potsciw  the  power  of  accommoilfltion. 

Tfie  vitreous  humor,  as  fnr  as  ihr  ura  serrala,  is  Ixmnclrd  by  the  inlemal  liniiling  nicmbtane  oj 
tlic  retina  [Hfttie,  fttirncj^.  From  here  forwani,  lying  between  IkmIi.  arc  the  mtridioiial  fibrcii  of  the 
mriule,  which  are  united  ^iih  the  siirfnce  of  the  vitreous  and  the  ctliar\'  processes-.  A  pari  of  the 
6bruii5  layer  bciid;*  into  lUe  saucer- sliaped  depression,  and  bounds  it.  A  canal,  2  mm.  in  diameter. 
nin«  from  the  of)lic  pnpitla  (o  the  [wsterior  surface  of  the  capsuk-  of  the  lens ;  it  is  called  the  hyaloid 
canal,  and  ^-as  formerly  travcrsetl  by  blood  vessels.  The  peripheral  part  of  the  vitreous  humor  is 
Iaminate<l  like  an  oniun,  \he  middle  U  homogeneous;  in  the  former,  e*ipeciully  in  the  foetus,  ate 
round  fusiform  or  branched  cells  of  mucous  tissue  of  the  vjireous,  while  in  the  centre  there  are 
divinteprated  remains  of  these  cclli  {/wnnoj^i.  The  vitreous  humor  contains  a  very  small  jicrceniage 
of  solids,  1.5  per  cent,  of  mucin  [and,  according  to  I'icard,  ihere  is  0.5  |»er  cent,  of  urea,  and  about 
.75  of  sodic  chloride]. 

[Structure. — The  vtlreou:«  humor  consi'^ls  essentially  of  mucous  tissue,  in  whose  meshes  He  a 
very  watery  fluid,  containing  the  organic  and  inorganic  Iwdies  lq  iyolution.  According  to  Vounan,  the 
vilreotu  contains  two  types  of  cell>^(t)  amoeboid  cetla  of  various  shapes  and  siies.    They  lie  on 
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;  Borboaul  »«ciion  ofilic  entrance  of  the  optt«  nflrvc  and  the  couu  of  the  eye.  «,  laner,  t,  outer  Uycn  of  the  relink ; 
e,  choroid  ;  d,  fcteruiic ;  /,  phytic toclcat  cup ;/,  central  xrlery  of  retina  fn  axial  oinal ;  g,  \n,  pttlitt  of  bifurcation : 
A,  lonioa  ctibrosa;  /,  ouier  (dunl)  iimili :  m,  otiier  {siibdurnll  4pac«;  m.  knner  (f-ubarachnoiii)  tpace;  r,  middle 
(arachnoid)  ihcalh;/.  Inner  (pial)  cheaih  ;  /,  bundln  of  nerve  fibm;  k,  longitudinal  icptA  of  cotineciivetisituc. 


tbe  inner  surface  of  the  lining  hyaloid  membrane  and  the  other  membranes  iu  the  cortex  of  the 
vitrroQS ;  (a)  large  branching  multipolar  cells.  The  vitreous  is  permeated  by  a  large  number  of 
tr;in!>]iarcnt,  clear,  homo(;eneous  hyaloid  membranes,  which  are  so  disposed  as  to  give  rise  lo  a 
cnticentric  lamination.  The  canal  of  Stilling  repres^ents  in  the  adult  the  situation  of  the  hyaloid 
artery  of  the  ftelus.     It  can  readily  be  injected  by  n  coltin-d  fluid.] 

The  lympbaticB  of  the  tyc  con^iM  of  an  anteriur  and  a  posterior  set.  The  anterior  consist  of 
the  amerior  and  po^erior  chamljers  of  the  eye  (arjueous)  which  communicate  with  the  lymphntics 
of  the  iris,  ciliary  processes,  cornea,  and  conjunctiva.  The  posterior  consist  of  the  perichoroidaj 
space  between  the  sclerotic  and  the  choroid  [ScAwai/if).  Thifi  space  is  connected  by  means  of  the 
perivascular  lymphatics  around  the  trunks  of  the  vasa  voitLcou,with  the  liu'gc  lymph  space  of  Tenon, 
which  lies  lictween  the  scleiolic  and  Tenon's  capsule.  PiMleriorly,  this  is  continued  into  a  lymph 
channel,  which  invests  the  surface  of  the  optic  nerve ;  while  anteriorly  it  communicates  directly  with 
the  sub-cnnjunttival  lymph  spaces  of  the  eydmll.  The  ojjlic  nerve  has  three  sheaths — (I)  the 
dursl;  (a)  the  arachnoid  ;  and  (3)  thv  pial  sheath,  dmvcd  from  the  ccirresponding  inemhrane*.  of 
the  bnin.  Two  lymph  spaces  lie  between  these  three  iheaibs — the  subdural  space  between  i 
k  and  2,  and  tbe  subarachnoid  space  between  2  and  3  (I*ig.  509).     lioth  spaces  are  lined  by  etido- 
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thelium ;  and  the  fine  trabeculx  pas&iDg  from  one  wall  lo  the  other  »re  similarly  corered.    Aocwdinc 
to  Axel  Key  nnd  Kei7iu<i,  these  lymph  spaces  communtcate  anteriorly  with  the  pcrichnroiilal  ifatf. 

The  aqueous  humor  cIo!«1y  rcscniblcft  the  cerebro-sptnal  fluid,  and  cootaiiu  albumin  aoil  aanr ; 
the  former  \t>  tucreasctl.  and  the  latter  dihupjwara  after  death.  Tlie  same  occun  in  the  vitrmn.  Tkt 
atbumiu  iricreaites  ulieu  the  difTerence  between  the  blood  pressure  ond  tlie  intraocular  precnte  rim 
tSuch  variations  of  pre^ure,  aixl  also  inlCDse  stimuli  applied  to  the  eye^  cau&e  the  prodnctioo  ti 
Bbriii  in  ihc  anterior  chamber  \Jfsner  and  GrfinMaf^en). 

Intraocular  Pressure. — Ihe  cATity  of  the  bulb  is  practically  filled  with  watery  6uidf,  vbidi, 
durinj;  li fir,  are  constantly  subjected  to  a  certain  pressure,  the  "intraocular  pressure."  ritiaiMfJy. 
this  <lepends  upon  the  blood  pressitre  within  the  ai1crie«  of  the  retina  and  uvea,  and  muft  riac  tol 
fall  with  it.  The  pre.s«ure  t:^  detennined  by  preuing  upon  the  eyeball,  and  ascertaining  wbetbo  U 
is  tense,  or  soft  and  compressible.  Ju>t  a^  m  the  case  of  the  arterial  |>rc!isun:,the  intraoculu  fvcsoic 
is  influenced  by  many  circunutnncc^;  it  ii^  increased  at  ever}'puUc  l>cat  and  at  every  eapiration.  «biV 
it  ii  decrea&ed  during  inspiration.  The  elastic  tension  of  the  sclerotic  and  cornea  regnlua  tW 
iocrraie  of  the  arterial  pressure  by  acting  like  the  air  chamber  in  a  fire  engine;  thus,  when  mm 
srterinl  blood  Is  pumped  into  the  eyeball,  more  venous  blond  Ls  also  expelled.  The  consUUKyof  t)K 
intraucular  pressure  is  also  influenced  by  the  fact  th&t,  just  as  the  aqueous  fauinor  Is  reoiaired,  D  a 
secreted,  or  rather  formed,  as  rapidly  as  it  i*t  abiKirbcd  ($  J92).  [Fick  has  invented  an  in<r«*»ni 
for  the  direct  measurement  of  the  intraocular  pressure,  a  small  plate  of  known  size  is  presed  apnbt 
the  eyeball,  and  the  prevMire  exerted  is  rcijistered  by  mcaat  of  a  spring  and  index.] 

The  eecretion  of  the  aqueous  humor  occurs  prctiy  rapidly,  as  may  be  surmised  from  tbchc 
that  hfcnioglobin  is  foun  1  in  the  aiiueuua  humor  half  an  hour  after  ilissolvcd  blood  f  Iambus)  b  ia^fOal 
into  the  blood  vessels  of  a  do^.     It  is  rapidly  reformed,  after  evacuation^  through  a  wound  u  ibt 
cornea.     According  to  Knics,  the  watery  fluid  within  the  eyeball  is  secreted,  especially  front  ih( 
cbotio-capillaris,  and  reaches  the  supra-choroidal  space,  in  the  lymph  sheaths  of  the  optic  nerve,  Vkf 
partly  ilirou};h  the  network  of  the  sclerotic.     It  saturates  the  retina,  vitreous,  lens,  and  for  the  nkat 
part  posses  throtigh  the  eonula  ciliaris  into  the  posterior  chamber,  and  through  the  ptq»l  irId  tk 
anterior  chamber.     The  movements  of  the  fluid  within  the  eyeball  have  beai  recently  stadted  N 
Ebrlich,  who  used  fluorescin,  an  indifferent  sut%iancc,  which,  on  being  introduced  into  r^-  v^*- 
I>asscs  into  the  lluids  of  the  eyeball,  ond  in  n  veiy  dilute  solution  may  Iw  reco|»ni7ed  \.\ 
lluorcsccnce  in  reflected  light.     From  ul>scrvation5  on  tlte  entrance  of  this  substance  xxA'.-  ' 
Scb&ler  and  UhthoH*  regard  the  pontenor  surlnce  of  the  iris  and  the  ciltary  body  as  the  teavux} 
organs  for  the  anueou>  humor.     It  passes  ChrouRh  the  pupil  into  the  anterior  chamber;  some  pMn 
into  the  lens, and  nloiiR  the  canal  of  Petit  into  the  vitreous  humor  yPjifi^rr).     Section  of  tli'  ■ 
sywputhdic,  and  still  more  of  the  trigeniinus.  accelerates  the  secretion  of  the  aqueous,  but  it 
ii  diminished.     If  the  substance  is  dropped  into  the  conjunctival  sac,  it  percolates  toward  tix  cnuir 
of  the  cornea,  and  through  the  latter  into  the  anterior  chamber  [P/fii^er\. 

A  current  [tosses  forward  from  the  viirentu  humor  around  the  lens,  aAtl  there  u  an  cnlRoir  ikil 
the  central  artery  of  the  retina  backward  through  the  optic  nerve  to  the  cavity  of  the  skull  [C^»^i\- 
The  current  in  the  spaces  bdu-een  the  sheatlis  flows  from  the  brain  tu  the  eye  [^Qitincte). 

The  outflow  of  the  a'-|ueou»  humor,  according  to  Leber  and  Heivath,  takes  place  chiefly  betwf« 
the  meshes  of  the  li^aiuentuoi  pectinatum  Iridis  (Fig.  514,  m,  m),  and  the  canal  of  Scbletnm  ji,  i 
into  the  anterior  circular  veins  (p.  787).  A  small  part  of  the  aqueaas  humor  diffuses  into  tta 
posterior  layers  of  the  cornea  to  nourish  it  (/.rfirr).  None  of  the  water  is  ccmducted  from  the  *T^ 
ball  by  any  special  efferent  lymphatics  (Leber).  Under  normal  circumstances,  the  prciMic  » 
nearly  the  same  In  the  vitreous  and  aqueous  chatnl«rs,  but  airopm  seems  lo  dimioiab  the  piowttii 
the  former  and  to  increase  it  in  the  latter,  while  Calabar  bean  has  an  ommsite  action  {Ad.  Wtiiei^- 
Arrest  of  the  outflow  of  the  venou^i  blood  often  increases  Ihc  pressure  in  the  vitreous,  and  iliainiifcB 
that  in  the  aqueous  chaiiil>er.  Compression  of  tlic  bulb  from  without  causes  more  fluid  to  pas  as 
of  the  eye  temporarily  than  enters  it.  The  diminution  of  the  intraocular  pressure  is  well  ■adf' 
after  section  of  the  trigeminus,  while  it  rises  when  this  nerve  ti  itimulated.  The  staienjent*  •( 
ol«ervers  regarding  the  effect  of  the  sympalhctic  nerve  upon  the  jiressnire  vary.  Intcrmpiina  Xa  tbt 
venous  outflow  increases  the  pressure,  while  an  im)>erfect  supply  of  blood,  the  outflow  beii^  iwW. 
diminishes  the  pressure.  The  innervation  of  the  blood  *'esscls  of  the  ej'c  is  referred  lu  at  \  347. 
I  385.  DIOPTRIC  QPSERVATIONS— The  eye  as  an  optical  instrument  is  compwiy* 
to  tt  camera  obscura  ;  inloih.an  inverten  diminished  ima«  of  the  obiecisof  the  rttena' 
I  worlil  !■•  tuilned  ui>f>n  a  backgrmind,  tin-  tlc'ii"  u\  pr-'jeciioti.  Tnsteanof  the  siiit^le  lens f-f  tbf  cia^'J- 
however,  the  eye  lias  several  refractive  media  placed  behind  each  other — come*,  aqucocs 
bumor,  lens  (uhmc  individual  parts — capsule,  cortical  layers,  and  nucleus,  all  poneas  dtfem 
refraaive  indices),  and  vitreous  humor.  Fver^'  two  of  these  adJAcent  media  an  boaadfdt^s 
"  refractive  surface,"  which  may  be  regarded  as  spherical.  The  field  of  fmjjection  of  the  eyt  " 
the  retina,  which  is  colored  widi  the  visual  purple  (flf/y.  Kiikne).  As  this  substance  b  tlucft'l 
chemically  by  the  direct  aclinn  of  light,  so  that  the  pictures  maybe  temporarily  fixed  apon  ihenOH. 
the  comp.triion  of  ilie  eye  with  the  camera  of  the  photographer  becomes  more  strilnaf.  lacafcr 
that  tlie  |»aAsage  of  the  rays  of  light  through  the  media  of  the  eye  nxKjf  be  rightly  andertfiW,** 
must  know  the  foltowing  factors:  (1)  the  refractive  indices  of  alt  the  media;'  ( s)  the  fono  of  <kr 
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refrKltvc  surfaces;  (3)  (be  distance  of  the  various  media  from  each  olher  and  from  the  field  of  pro- 
jection or  rctiiia. 

I  Action  of  a  Converging  Lena. — We  must  know  how  aconvrx  lens  acts  upon  light.  In  a  convex 
Uen*  we  dUlinguiih  ibc  centre  of  curvolurc,  1,  <*.,  the  centre  of  both  sphericai  surfaces  (Fig.  524.  I, 
m.  ot^).  The  line  connecting  boih  ts  callrti  the  chief  axis  ;  the  centre  of  this  line  i%  the  optical 
centre  of  [he  lens  (0).  All  rays  which  \Htis  ibrough  ihc  optical  centre  of  the  leus  pass  thruugli 
unbent,  or  without  being  tcfracled;  Ihey  are  called  the  chief  or  tirincipal  ray8(i(,/f,).  The  following 
are  the  laws  rq^ulating  the  action  of  a  convex  lens  upon  rays  of  light : — 

1.  Rays  which  fall  upon  the  lens,  parallel  with  the  principal  axis  (11./.  a),  are  so  refracted  thai 
ibey  are  collected  on  the  other  bide  of  the  lens,  at  a  point  called  the  focus  or  principal  focus  (/). 
The  durfance  of  this  point  from  the  central  point  ((>)  of  the  lens,  is  called  the  focal  distance  uf  the 
len*  [/,  o).  The  converse  of  this  condition  is  evident,  vii,,  rays  which  diverge  from  a  focus  and 
reach  the  lens,  pass  through  it  to  the  other  side,  parallel  with  the  principal  axis,  without  again  cuiuing 
together. 

a.  Kays  of  light  proceeding  from  a  source  of  light  (IV.  /)  in  the  prolonged  phncipid  ax)«,  hut 
ifjratui  the  fouu  point  (  f),  again  converge  to  a  point  on  the  other  side  of  the  tens.  The  following 
cases  may  occur :  (a)  When  the  distance  of  the  light  from  the  lens  is  equal  to  twice  the  focal  distance, 
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the  foetu  or  point  of  convergence  lie?*  at  the  same  distance  on  the  other  side  of  the  Icnk,  r.  f.,  twice 
the  focal  distance.  {6)  If  the  luminous  point  he  moved  nearer  to  the  fucus.  then  the  fiscal  pnint  is 
moved  funlier  away,  (r)  If  the  light  is  nill  further  from  the  lens  than  twice  the  focal  distance,  ihcD 
the  focal  ]Miint  comes  correspondingly  ncnr  to  the  lens. 

3.  Rays  proceeding  from  a  point  of  the  chief  axis  (III,  J)  within  the  focal  distance,  pass  out  at  (he 
other  aide  less  divergent,  but  no  not  cnnic  In  a  fucys  again.  Conversely,  rays  which  arc  convergent, 
and  pass  through  a  coltcciing  lens,  have  their  focal  point  within  the  focal  distance. 

4.  If  the  luminous  {x>int  (V,  a)  is  placed  in  ilie  sccxindarr  ray  (o,  i),  the  same  laws  oMitDi 
provided  the  angle  formed  by  the  secondary  roy  with  the  principal  axis  is  small. 

Formation  of  images  by  convex  lenses. — A&er  what  has  been  Mated,  regarding  the  positiiiu 
of  the  point  of  convergence  of  nys  proceeding  from  a  luminous  point,  the  conaJructiim  of  the  Inuge 
of  any  object  by  a  convex  lens  is  ea3ily  acconiplbthcd.  This  it  done  simply  by  {rojecting  nnagcs  of 
the  varioas  ptrts  of  the  object.  Thus,  evidently  (in  V),  ^  is  the  fr>cal  point  of  the  object,  a,  while  *• 
is  the  focal  point  of  the  object,/.  The  picture  i*  inverted.  CcUr%fimx  Umfs  farm  an  h%veH<^  and 
rati  imagt  ii.  e.,  upon  a  screen)  cH.'y  of  sueh  ^jtftj  ai  art  ptnctd  hryonJ  the  fnai  fomt  <sf  ikf  Uns. 

With  regard  to  tlte  aUe  and  distance  of  the  image  from  the  lens,  there  arc  the  following  cases: 
(a)  If  ibe  object  Iw  placed  at  iwke  the  focal  distance  from  the  lens,  the  image  of  the  same  is  jttat  the 
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same  size  and  nt  the  same  distance  from  the  lens  as  the  oliject  is.     ^^)  If  (be  object  Ijc  Dcxrer  dMril- 

ihc  focuK,  the  image  needed  and  ut  the  same  time  becomes  larger,  (t)  If  the  ohjcci  be  Ainlicr 
removed  from  the  lcn>  than  twice  the  focal  distance,  then  the  ima^e  is  nearer  to  tl»e  leiu  and  ai  tlw 
same  time  L>ecDmc4  siiintltrr. 

Position  of  the  Focal  Point. — The  distance  of  ihe  focal  jioint  from  the  lens  is  readily  calculate 
according  to  the  following  formula:  Where  /=  the  distance  of  the  laminous  poiol.  4  =  ihc  dutancc 

of  the  image,  aad/=  the  focal  distance  of  the  leoa:  -  +  v  ^i*  or—  =  — —  — , 

to/        a       J        t 

Example. — Let /=  34 centimetres,/^  6cm.    TbeD-r  =  — ~^:  so|hai4:=$cia^#.r» 

o        D      34      8 
the  image  U  formed  8  cm.  behind  the  lens.     Further,  let  /  i=  10  cm.,/,^  5  cm.  (».  <•.»  /  =  ^f^- 

Then  ^= =-;  so  that  h  =.  10, 1.  a,  the  image  i«  placed  at  twice  the  focal  dtnaaceoTilK 

^        5       10      10 

lfn«.     Lastly,  lei  /  ^  w  .     Theo  --=.- ;  so  that  b  =/,  i.  e.,  the  image  of  parallel  rayj  coming 

from  infinity  lies  in  the  ibcal  point  of  the  lens. 

Refractive  Indices. — A  ray  of  light,  which  passes  in  a  perpendicular  direction  from  one  raedtam 
into  arother  medium  of  ./yfi-^/w/ density,  passes  ihn>ugh  the  latter  without  changing  its  course  or 
l>eing  refracted.  In  Fig.  525,  if  G  I)  Is  j_  A  I»,  then  so  is  D  I>.  1  A  li;  for  a  plane  surlacc  A  B  i« 
the  horizontal,  and  G  D  the  vertical  line,     if  the  surface  be  spherical,  then  the  vertical  line  is  the 
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prolonged  radius  of  this  sphere.  Jf,  however,  the  ray  of  light  fall  ohlijufty  upon  the  sarbce,  K  is 
"  refracted."  t.  e.,  it  is  bent  out  of  its  original  course.  The  iivcideni  and  the  refracted  ray  never- 
theless lie  in  out  plane.  When  the  ohliiguc  incident  ray  passes  from  a  leu  detut  medium  (r.  ^.,  air) 
into  one  mi?re  dense  (e.g.,  water),  the  refracted  or  excident  ray  is  l>cnt  /tnvardlhe  pcrpcodicuUr. 
If,  conversely,  it  piu>s  from  a  more  dense  to  a  le»  dense  medium,  it  is  bent  iiway  from  ihe  perprn- 
dicular.  The  angle  (i.  G  I)  S)  which  the  incident  ray  (S  IJ)  formi  with  the  perpendicular  (G  U) 
in  called  the  angle  of  incidence,  the  angle  flnm^'d  hy  the  refracted  ray  (D  S,i  with  the  prulnnged 
perpendicular  [V  !>)  is  called  the  angle  of  refraction,  D  !)  S,  (r).  The  refractive  power  is 
exprct&cd  as  the  refractive  index.  The  term  refractive  index  {ft)  means,  that  number  which 
shows  ft>r  a  certain  substance,  how  many  times  the  sine  of  the  angle  of  incidence  ts  greater  than  the 
stne  of  the  angle  of  refraction,  wheo  a  ray  of  ligKt  paues  from  the  air  into  that  substance.  Thus,  Jt 
=  sin.  J  :  sin.  r  ■=  ai>^ :  cd.  On  comjuiriiig  the  refractive  indices  of  two  media,  wc  always  assume 
that  the  ray  passes  from  air  into  ihc  medium.  Ok\  pa-ssing  from  the  air  into  water,  the  ray  of  light 
is  so  refracted  that  the  sine  of  the  angle  of  incidence  is  to  the  sine  of  the  angle  of  refraction,  as  4  :  J ; 

the  refractive  iiidcac  =  -    (or  more  exactly  =  J-336).     With  glass  the  proportion  is  ^  3  ;  a  (=: 

'-535 — Smelfius,  1620:  Deifartei).  The  sine  of  the  incident  and  refractive  angles  are  related  •* 
the  velocity  uf  light  with  l-oth  media. 

The  construction  of  the  refracted  ray,  the  retractive  index  being  given,  is  simple :  Exartiple. 
— Suppose  in  Fig.  526,  I.  =  the  air,  G  =^  a  dense  medium  (glass)  with  a  spherical  surface,  xy.  and 
with  its  centre  at  to  ;  /  0  =  the  oblif^ue  incideni  ray  the  m  Z'xA  the  perpendicular  <^  )  =  t  the  angle 
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of  incidence.    The  refractive  index  given  is  "^  ;  ihe  object  is  to  find  the  direciion  of  the  refmcied 

wMj.  From  0  as  centre  dcKribc  a  circle  with  n  radius  of  any  Icu^h ;  from  it  draw  n  [wq>eudtcular, 
a  fi  \.o  m  Z;  then  a  h  x'i  the  sine  uf  tlic  an^Ic  of  iiicidciicc,  /.  Divide  Ihe  line  a  h  inio  three  oiual 
p«rt<,  un<i  prolong  il  to  the  extent  of  two  of  these  parts,  viz  ,  to  /.  Draw  the  line  />  parallel  to  m  Z. 
The  line  joining  tr  to  «  is  the  ilirecliun  of  ihe  refiactcd  lay.  On  making  a  line,  n  s,  pcijMrndicular  lo 
/«  Z,  w  J  =  ^  /.  Further,  h  i  =^  sine  <; )  ^  r.  So  ihat  *iJ>:/»or:(i/)^j:  a  or  sin.  i  :  sin.  r 
^  3 

2' 

Optical  cardinal  point  of  a  simple  collecting  system.— Two  refroaive  medii.  (Fig.  527,  I, 
and  G)»  which  are  separaled  Iruin  each  other  by  a  .Hpherrcal  surface  {a,  6\,  fomi  a  !titnplc  collcciing 
«v«icm.  It  i«  easy  to  estimate  the  construction  of  an  incident  ray  coming  from  the  lirst  medium  (L) 
and  falling  obliquely  upon  the  surface  |<r,  />)  K^paratin;;  the  two  racdia,  a&  well  as  lo  ascertain  its 
direction  in  (lie  second  tncdiiim,  C,  and  also  from  the  position  of  a  luminous  [>oint  in  the  first  medium, 
la  estimate  the  posiiion  of  the  corresponding  focal  point  in  the  second  medium.  The  factors  retiuiied 
lo  be  known  arc  the  following:  1.  (Ki^.  527)  is  llic  first,  and  ti  the  .second  medium,  a,b  =  ihc 
spherical  surface  whose  centre  is  m.  ol  courne.  all  the  radii  drawn  from  m  to  a  b  («i  x,  m  n)  are 
perpendicular;,  so  that  all  rays  falling  in  the  direction  of  the  radii  mu&t  pass  unrcfrncled  Uuough  tn. 
All  rays  of  thiji  »ort  are  callnl  rny>  or  lines  of  direction  ;  m,as  Ihc  point  of  intcn^eciion  of  alt  these, 
is  called  the  nodal  point.  The  line  which  coanects  m  with  the  vertex  of  tbc  :iphei:ical  burface,  x, 
and  which  iii  prulungt;<l  in  both  dirtctions,  i.>>  called  the  optic  axis,  O  ().  A  plane  (F.,  F)  in  jr, 
perpendicular  to  U  i^,  is  called  the  principal  plane,  and  in  it  jr  is  the  principal  point.      TIic  fol 
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lowing  facts  have  been  flscertained  :  (i)  All  rays  (a  to  a^),  which  in  the  first  medium  are  parallel 
with  each  other  and  with  the  optic  axis,  and  fall  u[>nn  a  b,  are  so  refracted  in  the  second  innlium  that 
ibeyort  all  again  unite*!  in  one  point  [p.]  of  the  second  medium.  This  i.s  called  K\\^  stfcnii  principal 
foau.  A  plane  in  this  point  perpendicular  to  O  Q  is  called  the  suotui  fetal  plane  (C  D).  (2)  All 
fays  {c  lo  f,),  which  in  the  first  medium  are  parallel  to  each  other,  hot  not  parallel  to  O  Q,  reunite 
in  a  point  of  the  second  focnl  plane  (r),  where  the  non-rcfrncted  directive  ray  (r,,  tn  r)  mceix  thi*. 
(In  tltis  ca.sc,  the  angle  formed  by  the  rays  c  to  c^  with  C  Q  mast  !«  very  ■.mall.)  The  propositions 
I  and  2  of  course  may  be  reversed;  the  divergent  rays  proceeding  from  /  toward  a  b  pass  into  llie 
hrst  medium  parallel  to  each  other,  and  aUo  with  the  axis  C  Q  (rt  lo  «,) ;  and  the  rays  proceeding 
from  r  paw  into  the  first  medium  parallel  to  each  other,  but  not  parallel  to  the  axis  O  Q  (as  c  to  c,). 
(3)  All  rays,  which  in  the  second  medium  ore  parallel  to  each  other  [b  lo  b^  an<l  with  the  anis  O  Q, 
reunite  in  a  point  in  the  first  medium  (/),  called  ^^  first fcatl  point ;  of  course,  the  converse  of  this  is 
true.  A  plane  inlhis[>oint  perpendicular  to  f)  (^  is  called  \\\C  first  focal  plane  {\,  U).  The  radJUiof  ihc 
refractive  surface  (w,  x)  is  equal  to  the  difference  of  the  distance  of  both  focal  points  {p  and  /,) 
frotn  the  principal  focus  (.r) ;  thus  m  x  ^  p.x  — /  x.  From  these  comparatively  simple  proposi- 
liotu  it  i^  ca^y  to  determine  the  following  pumLi: — 

I.  The  construction  of  the  refracted  ray. — Lei  A  be  the  first  (Fig.  52SI;  B,  (he  second 
medium;  c  'I,  the  spherical  >iUTfiice  se|)ariiliiig  the  two;  a  b,  the  opllcol  anU:  k,  ihc  tindal  [>oint ;  /, 
the  first  and  /,  the  second  princip.1l  focus;  C.  D,  the  second  focal  plane.  Suppose  x y  to  represent 
ihe  direction  of  the  incident  ray,  what  is  the  construction  of  the  refracted  ray  in  the  second  medium? 
Prolong  Ihe  refmcted  ray,  P,  k,  Q  parjllel  to  x,y,  then  y,  Q  is  the  direction  of  the  refrarted  ray 
(according  to  3). 
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2.  Construction  of  the  image  for  a  given  object. — In  Fig.  529,  B,  e,  d^  «,  A,  i,  A  >a<)  f^ 

C,  D  ore  as  bcfwe.     SbiiiokJ 
ric  5aS.  luminous   point   (c)   to   ine 

nudium,  wlut  is  the  poiitMn  J 
the  imxgc  in  the  aecontl  mediu 
Prolong  the  nnrcfriu^ed  ny  C4 
/,  P'l,  and  draw  the  ray  (p,  ^j 
I  parallel  to  Ihe  X'ma  (a,  >).     Tbe 

-  Q  pnrallel  ran  (a,  ^  and  0,  m\  n~ 

-  ♦-— ~J  unite  in  ^  (according  to  pi^itei 

|P-  '      '  :        Pfolong    X.  /j    vutlil   n 

>  the  ray  (o,  Ti,  ihfB  ike 
.1.  ,,.    ul'  0  is  at    P.  ih«  r^  (/ 
]       light  (d   X   and   e    k\   jtrucxciltnc 
{g  .<Li      from  the  lamiaoos  point  («'i  n- 

uniic  in  P. 
Construction  of  the  refracted  ray  and  the  image  in  several  refractive  media. — If  amnl 
refractive  media  be  placed  l>ehind  each  other,  wc  must  proceed  from  medium  to  medium  with  thf 
same  methods  as  aliove  dcscn'K-d.  Tliis  would  be  very  tedious,  especially  vhen  dealing  wiibmuD 
objects.  (jBUSS  (1840)  calculated  thai  111  such  cases  the  nwthoii  of  construction  is  very  simple  ff 
the  several  medin  nrc  "  centred,"  /.  (.,  if  all  have  the  same  ojAic  axis,  then  the  refractive  indicEiflf 

Fig,  5*9. 
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such  a  centred  system  may  be  represented  by  tvo  e(]unl,  strong,  refractive  suffices  at  a  ceitalD^ 
tance.  The  rays  falling  ui>oo  the  first  surface  are  not  refracted  l.y  it,  but  are  essentially  prajed 
forward  psrallcl  with  themselves  to  the  second  surface.  KcfrncUon  takes  fjace  first  at  tl>e  •atxoaA 
surface,  just  as  \ioxx\s  one  refractive  surface  was  pre^nt.  In  order  to  make  the  calcuUtion,  we  aia 
kn»w  ihc  refrnciive  indices  of  the  media,  the  rndii  of  the  refractive  sur^ces,  and  the  disiaooe  o^  ik 
refractive  surfaccrs  from  each  other. 

Construction  of  the  refracted  ray  is  accomplislied  as  follows :  l.ef  a  h  represent  the  opdo* 
axbt  (Mg-  530,  1} ;  II,  the  Iirst  focsl  point  determined  by  calculation ;  k  i,  the  piincifwl  plane ;  It 
the  second  f>ical  point;  A,,  ^,,  the  second  principal  plane;  k.ihc  fust,  and  >,  the  seconJ  dp>1s^ 
point ;  K.  the  second  focal  point ;  and  F,,  F,,  the  second  focal  plane.  Make  the  ray  of  directioa  #  i, 
fTArallcl  to  w,,  fly  According  to  proposition  2,/,  /-,  and  wr,.  n,  mu--t  meet  in  a  point  of  the  puM 
F,  F,.  As/  i^  passes  through  unrefractcd,  the  ray  from  n,  most  Call  at  r;  m,  r  is,  tbetefore, tbr 
direction  of  the  refracted  ray. 

Construction  of  the  focal  point. — Ixt  o  be  a  himinoai  point  (Fig.  530,  If),  what  is  the  po»- 
tioti  of  its  ima};c  to  the  la^t  nieilium  ?  IVilong  from  o  the  ray  of  direction  c  i.  and  make«,  .rpir 
allel  to  11  b.  Both  rays  arc  prulungcd  in  a  parallel  direction  to  the  second  local  plane.  IIk  I*! 
pirnllel  \.o  a  b  goes  through  F;  m,  k-^  as  the  ray  of  directiun  piises  through  unrefracted.  O,  what 
«,  F,  and  m  *,  intiT5;ect  each  other,  is  the  po-ilion  of  the  image  of  tt. 

386.  DIOPTRICS— RETINAL  IMAGE— OPHTHALMOMETER 
— Position  of  the  cardinal  points. — The   eye  surrounded  with  air  on  il>r 
anterior  surface  of  the  rornea,  represents  a  concentric  sv-stem  of  refractive  media 
with  spherical  .se|>araiinj;  surfaces      In  order  to  ascertain   the  course  of  the  rajv 
through  the  varioits  media  of  the  eye,  we  must  know  the  position  of  both  pnnripi] 
foci  of  both  nodal  points  as  well  as  the  two  principal  focal  points.   Gati^s,  T  - 
and  V.  Helmholt/  have  calculated  the  position  of  these  points.     In  ordtr  lu    .  - 
this  calculation,  we  rc«.]tnre  to  know  the  refractive  indices  of  the  media  of  the  eyr. 
the  radii  of  the  refractive  surfaces,  and  the  distance  of  the  latter  from  each  otticn 
These  will  be  referred  to  afterward,     (i)  "Wi^ first prinapai  p<fi tit  is  i.t;!*!!  mn 
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and  (2)  the  second trincipal point  is  2.5724  mm.  behind  the  anterior  surface  of  the 
cornea.  (3)  Theyfrj/  nodal  pointy  0.7580  mm.  ;  and  (4)  the  second  nodal  pointy 
o. .^60 2  mm.  in  front  of  the  posterior  surface  of  the  lens.  (5)  The  second  Prin- 
cipal focusy  14.6470  mm.  behind  the  posterior  surface  of  the  lens ;  and  (6)  the 
first  principal  focus  y  12.8326  in  front  of  the  anterior  surface  of  the  cornea. 


Fio.  530. 


\  k. 


Listing's  reduced  eve. — The  distance  between  the  two  principal  points,  or 
the  two  nodal  pon'its,  is  so  small  (only  0.4mm.'),  that,  practically,  without  introduc- 
ing any  great  error  in  the  construction,  we  may  assume  one  mean  nodal  or  principal 
point  lying  between  the  two  nodal  or  principal  points.     By  this  simple  procedure 

Fic.  531. 


we  gain  one  refractive  surface  for  all  the  media  of  the  eye,  and  only  one  nodal 
point,  through  which  all  the  rays  of  direction  from  without  must  pass  without  being 
refracted.  This  schematic  simplified  eye  is  called  '*  the  reduced  eye*'  of 
Listing. 
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Formation  of  the  retinal  image. — Thus,  the  conseniction  of  the  image  on 
the  retina  becomes  very  simple.  In  distinct  vision,  the  inverted  image  is  fonned 
on  the  retina.  Let  A  B  re|)resent  an  object  placed  vertically  in  front  of  the  eye 
(Fig.  531  ^  A  i>en<:il  of  rays  jKLsses  from  A  into  the  eye  ;  the  ray  of  direction,  A  </, 
passes  without  refraction  Ihrough  the  nodal  point,  k.  Further,  as  the  focal  point 
for  the  luminous  point,  A^  is  upon  the  relitiu.  alf  the  raj's  proceeding  from  A  must 
reunite  in  if.  The  same  is  true  of  ihe  rays  proceeding  from  B,  and,  of  course,  for 
rays  sent  out  from  an  intermediate  point  of  the  body,  A  H.  The  retinal  image  is, 
OS  it  were,  a  mosaic,  composed  of  innumerable  foci  of  the  object.  .A.s  all  the  lays 
of  direction  must  pass  through  the  common  nodal  point,  i,  this  is  also  called  the 
*^ pointof  iniersection  of  ihe  visuai  rays.*' 

Thf  iiiverttrti  ima);e  on  Ihe  retina  U  easily  seen  in  the  excised  eye  of  an  albina  rabbil,  by  holiltag 
up  any  ol)jc>ct  in  front  of  the  cornea  and  observing  ih«  inverted  image  through  the  traniparenl  costs 
of  the  eyeball. 

The  size  of  the  retinal  image  may  also  be  calculated,  prmnded  wc  know  the  sire  of  the  ol^cci. 
and  ils  distance  from  ihe  cornea  As  the  two  irianjjlcs,  A  K  k  and  c  d  A  are  similar,  A  11:^^'  -^^/i 
:  /^^,  so  that  c  J  =  t  A  B,  it/)  :/jt.  All  these  values  are  known,  viz.,  kg  ==  15.16  ram.:  ftinhcT. 
/  k  ^  a  k  y^  a,/^  where  a/  is  measured  directly,  and  a  >  =:  7.44  mm.  The  size  of  A  B  is  mcsfr- 
urcd  directly. 

The  angle,  \k  B,  is  called  the  visual  angle,  and  of  course  it  is  equal  to  the 
angle  c  k  d.  It  is  evident  that  the  nearer  objects,  x  y,  and  r  s,  must  have  the  same 
visual  angle.  Hence,  all  the  three  objects.  A  B,  j:  j-,  and  r  s,  give  a  retinal  image 
of  the  same  size.  Such  objects,  whose  ends  when  united  with  the  nodal  point  form 
a  visual  angle  of  the  same  size,  and  consffi^itiently  form  retinal  images  of  the  same 
size,  have  the  same  "  apparent  size." 

In  order  to  determine  the  optical  cardinal  points  by  calculation,  after  the  method 

of  Gauss,  we  must  know  the  following  factors: —  "^^^ 

..       I.  The  refractive  indices:  for  the  cornea,  1.377  ;  aqueous  humor,  ^'^77: 

"^lens.  1. 4s  A  fas  the  mean  value  of  all  the  layers) ;  vitreous  humor,  1.336  •  air  being 

taken  as  i,and  water  i.^jg.  y~  ^. 

2.  The  radii  of  the  spherical  refractive  surfaces  :  of  the  cornea.  7.7 
mm.  ;  of  the  anterior  Mirfacc  of  the  lens,  fo^^  ;  of  the  posterior,  6^  mm.         — ^— 

3.  The  distance  of  the  refractive  ^tTFTaces  :  from  ihe  vertex  of  the  cornea 
to  the  anterior  surface  of  the  lens,  jItj  mm.  ;  from  the  latter  to  the  posterior  surfiice 
of  the  lens  (axis  of  the  lens),  4  iiimT;  diameter  of  the  vitreous  humor,  14.6  rom. 
The  total  length  of  the  optic  axis  is  22^0  ram.  ~~ 

[Kiihne's  Artificial  Eye. — The  fonnaUon  of  an  inverted  image,  and  the  other  points  in  die 
diopiTic5  of  the  eye  can  be  Mudicd  most  cffectiTcIy  on  KUhne's  artificial  eye,  the  course  of  Uie  nys 
of  light  l>cinK  visible  in  water  tinged  with  cosine] 

Qph^haimometer. — This  is  an  inslruintnt  to  enable  as  to  measure  the  radii  of  the  refractive 
media  of  the  lye.  As  llie  normal  curvature  cannot  be  accuralely  measured  on  the  dead  eye.  owin^ 
ti  the  rajiid  colla^  of  the  o::ular  lunica,  we  have  recourse  to  the  process  of  Kohlratiwh.  for  calcu- 

Fig.  531. 


Scbcneol  the  ophthalniomeierof  Uelmhohs. 

latJng  the  radii  of  die  refractive  Mirfaccs  from  the  si^c  of  the  reflected  tmaf;e»  in  the  living  eye.  7*4r 
«c«*  p/  a  luminous  Ihydy  it  fo  the  size  of  Us  rffitcted  itua'^e,  as  tht  distance  0/  Aa/i  to  half  the  raJimi 
cf  tie  eauwjc  mirror.     lieoce,  it  is  Decessary  lo  measure  the  wze  of  the  reflected  image.     This  Is 
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done  by-  means  of  the  oplufaalnioincter  of  Helmbollr  (Fig.  532).  Tlie  Bppantus  15  constructed  on 
the  following  principle :  Ifweobscn'c  an  abject  ihniu^h  a  gloss  plale  placed  ol)lir|u<:i)',  ihc  object 
appeare  to  be  displaced  laterally  ;  tbe  disptocemeni  becomes  greater,  the  more  oblii(uc:l>-  tite  plate  is 
moved.  Suppose  the  obscnxr,  A,  to  look  ibrouyli  tlie  telescope,  F,  whicb  bas  the  plate,  G,  j>Iaccd 
oblifjuely  in  front  of  the  Mf^per  half  of  its  objective,  he  sees  the  comeal  reHtrcteJ  image,  a  h,  of  the 
eye,  B,  and  tbe  image  appears  to  be  dispUccd  laterally,  viz.,  \oa*  b*.  If  a  second  plate,  G,  be  placed 
in  front  of  the  Itrwer  half  of  the  telescope,  but  placed  in  theoppo^iUe  direction,  so  that  both  pinics,  cor- 
rrs{Jondtng  to  the  middle  line  of  the  objective,  intcr»ect  at  an  angle,  then  the  observer  aeea  the  re- 
flected im:ige,  ff  i*,  displaced  laterally  I0  a"  b".  As  both  glaw  plates  rotate  round  their  point  of 
intersection,  iheposiiion  of  both  issoselecie*^  that  Iwih  reflected  images  just  touch  each  other  with 
their  inner  margins  (mj  thol  A'  al^its  closely  upon  <t").  The  sixe  of  the  reflecte<l  image  can  l»e 
dctermiaed  from  ibc  size  of  the  angle  formed  by  l>otb  plates,  but  wc  must  take  into  calculation  the 
thicltne^s  of  the  gloss  plates  and  their  refractive  indices.  The  size  of  the  comrnl  image,  and  also 
that  in  (he  lens,  may  be  ascertained  in  the  ^mssive  eye,  and  also  in  the  eye  accommodai«l  for  a  near 
object,  and  the  length  of  the  radius  of  the  curved  surface  may  be  calculated  therefrom  {f/f/mheiii 
and  I'thrrs). 

Fluorescence. — All  the  media  of  the  eye,  even  the  retina,  are  slightly  fluorescent;  ihc  lens 
most,  the  vitreous buraor  least  (r.  Helmkoltx). 

Crect  Vision. — As  the  retinal  image  is  inverted,  we  must  explain  how  we 
see  objects  upright.  By  a  psychieal  z.i\^  the  impulses  from  any  point  of  tlic  retina 
are  again  referred  to  the  exterior,  in  the  direction  through  the  nodal  point ;  thus 
the  stimulation  of  ihe  point  </ is  referred  to  A,  that  of  ^  to  B  (Fig.  531).  The 
reference  of  the  image  to  the  external  world  happens  thus,  that  all  points  apjiear  to 
lie  in  a  surface  floating  in  front  of  the  eye,  which  is  called  the  field  of  vision. 
The  field  of  vision  is  the  inverted  surface  of  the  retina  projected  externally  ;  hence, 
the  field  of  vision  appears  erect  again,  as  the  inverted  retinal  image  is  again  pro- 
jected internally  but  inverted  (Fig.  531). 

l"hat  the  stimulation  of  any  point  is  i^oin  projected  in  an  inverse  direction  thro\igh  the  nodal 
point,  is  proved  In-  tbe  simple  experiment,  that  pressure  upon  the  ouifr  aspect  of  the  cyebaU  is  pro- 
jected or  referred  10  the  innitr  aspect  of  the  field  of  virion.  The  entoptical  pricnomena  of  the  retina  are 
similarly  projected  externally  and  inverted  ;  so  thai,  t-j;.,  ihe  enlrance  of  the  optic  nerve  is  referral 
cslcmally  to  the  yellow  spot  (see  g  393).     All  seimalions  from  the  retina  are  projected  externally, 

387.  ^yCOMftlODATlON  OF  THE  EYE.— -Acconling  to  No.  a  (p.  793).  the  rajs  of 
light  proceeding  from  a  luminous  )K>iiU,  ''.  ^*-,a  nume.  and  ncled  upon  by  a  collecting  (convex)  leus, 
are  brought  10  a  focus  or  focal  point,  which  has  alw&)-s  a  delinite  retntion  to  the  luminous  object.  If  a 
projection  surface  or  screen  be  placed  at  ibis  distance  from  the  lcn&,  a  real  and  inverted  image  of 
the  object  i&  obtained  upon  the  screen.  If  tbe  .screen  be  placed  nearer  to  the  lens  (FIr.  524.  IV,  a,^), 
or  further  away  from  it  {c,  d  ),  no  distinct  image  of  the  object  is  formed,  but  diff'usion  circles  are 
of>toined;  l)ecause,  iu  the  former  case, the  rays  have  not  united,  and  in  ihc  latter,  l>ccau!ie  Ihc  ra).-*, 
after  uniting,  have  crossed  each  other  and  liecome  diverf^ent.  If  the  luminous  point  be  brought 
nearer  to.  or  removed  further  from  the  lens,  in  order  to  ol4ain  a  clisiinct  ima^e,  in  every  case,  the 
screen  must  be  brought  nearer,  or  removed  from  tbe  lens,  tn  keep  the  same  distance  between  the 
leni  and  tbe  saeen.  If,  however,  the  screen  be  fixed  ]>crmanently,  sshilc  the  distance  between  the 
luminous  point  and  the  lens  varies,  a  distinct  iinugc  can  only  be  ottuined  u]>on  the  screen,  provided 
the  lens,  as  the  luminous  jiuint  approaches  it,  becomes  mure  convex,  i.  e.,  refracts  tise  raj's  of  li^ht 
more -Almngly — conversely,  when  the  dHtancc  bciwcai  the  luminous  point  and  the  Icn5  Iwcomcs 
greater,  ihc  lens  niu&l  become  less  curved,  i.  (■.,  refract  less  strongly. 

I  n  the  eye,  the  prnjection  surface  orscreai  is  represented  by  the  teiina,  which  is  permanenlly  fixed 
at  a  certain  distance;  but  the  eye  has  the  power  of  furming  distinct  imager  of  near  and  dti^tanl 
objects  ucon  the  retina,  so  thai  the  refractive  power,  i.  e.^  the  (urm  of  the  c^y^talllne  len<i  m  the  eye, 
must  undergo  a  change  in  curvature  cnrTes[.K>ndint!  in  every  case  to  the  distance  of  the  object.  [  It  b 
important  10  remember,  that  wc  cannot  see  a  near  object  and  a  distant  one  with  cv'^ual  diMindncsso/ 
tht  samelime,  and  hence  arisen  Ihe  necessity  foraccommodattun.] 

AccOTOnrgf^fltigp- — By  the  term  "accommodation  of  the  eye,"  is  understood 
lliat  property  of  the  eye,  whcreliyit  forms  distinct  images  of  distant  as  well  as  near 
objects  upon  the  retina.  This  power  tiepends  upon  the  fact,  that  the  crystalline 
lens  alters  its  curvature,  btxoming  more  convex  (thicker),  or  less  curved 
(flatter),  according  to  the  distance  of  the  object.  When  the  lens  is  absent  from 
the  eyeliall,  accommodation  is  im|>ossible  (71i.  Youngs  in  Donders,  *'  Accommoda- 
tion and  Refraction  of  the  F-ye)." 
B        Duiing  rest  [or  negative  accommodation],  or  when  the  eye  is  passive,  it  is 
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accoraraodaied  for  ihe  greatest  distance ^  i.  e.,  images  of  objects  placed  at  an  infi- 
nite distance  U.g.,  the  moon)  are  found  upon  the  retina.  In  this  case,  ray^  coming 
from  such  a  distance  arc  practically /arrt//<r/,  and  when  they  enter  the  eye,  are  in 
the/d-w/Vr  mftmai  q\q  (emmetropic)  brought  to  a  focus  on  the  reiina.  When 
looking  at  a  distant  object,  a  distinct  image  is  formed  on  the  retina  without  the  aid 
of  any  muscular  action. 

That  distant  objects  are  scco  without  tbe  aid  of  any  muKuloracliim  i.-ist>oM-Q  by  the  fuIlovFLti^  con- 
siderntiona  r  (i)  With  the  normal,  or  emmetropic  eye,  we  can  ^ce  distaiilohject*  cicwiy  and  distmctlT* 
without  ex peiiencin^  any  feeUnf^of  effiitt.  On  opcninj;  theeyelidsafier  a  long  period  of  rest,  the  object* 
at  a  dutanccaicatonce  di.<>un<:t]y  visible  in  ihe^eld  of  vision.  (2)  If,  in  comcfjucnce  of  paralytb  of 
the  mechanism  of  accom  modal  ion  (^./.,  through  paralysis  of  the  oculomntor  ner%'e — }  345.  7).  th« 
eye  ia  unable  (o  focu&  images  of  objects  placed  at  diHereat  dtatances.  still  distinct  images  are  oUaiocd 

FlO.  533- 


Anterior  qumilrant  of  m  hor{cortial  tccUon  of  tbe  eyeball,  cornea,  and  lena.    a,  subttanrU  propria  of  tlw  csnMa;  1^1 
llowman's  cIa^Uc  memtiraiK  ;  r,  anierinr  OTrncal  cpilheltum  :  d,  Dc^cemct'f   meinlirane :  r,  !l>  rpttfacrnnn  :  /^ 
Gonjuncliva  ;  g,  siilcroiic ;  h,  iri*  ;  /,  iiphtnclef  iridit ;  /,  liKanteiiiuni  pccttiuilum  triiftt,  Mith  the  ;idjainmj{  thiuu* 
lilted  tikiue  ;  k,  cADiil  uf  Schlctnin  ;  /,  lunKtrudiniil ;  <m,  circulur  inu»culnt  fit>ro  of  ihc  ciliary  niusi.lc  ,   ■,  cilrjry 

ErcK«s*  ;  i>,  ciliary  lurt  of  ilic  rciitu  ;  f ,  cjojI  of  f^Gut,  with  Z.  cunulc  of  Ziim  in  frvM  of  ti ;  and  /,  Uic  pt^unor 
,yer  of  ihe  hyaloid  memlirane  ;  r,  KDicHor,  (,  pottchor  pan  of  the  captulc  of  Ihc  leiu ;  /,  cboroM  :  m,  pcriclMV 
Toidal  »pace  ;   T,  pigment  epithelium  oJ  the  IrU  .  x,  in.kr](lit  ol  Ihe  lens. 

of  distant  ohjecls.  Thos,  paralrvis  of  the  mechanism  of  accomratwlation  'm  always  accompanied  by 
inability  lo  focus  a  near  object,  never  a  distant  object;  A  lemiKirary  paralysis  occun  with  the  same 
results  when  a  solution  of  atropin  or  duboisin  is  dropf>ed  Into  the  eye,  and  also  in  paisnning  with 
these  drugs  ({  392). 

When  the  eye  is  accommodated  for  a  near  object  [positive  accommoda- 
tion], the  lens  is  thicker,  its  anterior  surface  is  more  curved  (convex),  and  pn- 
jects  further  into  the  anterior  chamber  of  the  eye  (Cramer,  iSt^i,  r.  Helmhclti, 
1853).  The  mechanism  jiroducing  this  result  is  the  following  :  During  rest,  the  lens 
is  kept  somewhat  flattened  against  the  vitreous  humor  lying  behind  it,  by  the  tension 
of  the  stretched  zonule  of  Zinn.  which  is  attached  round  the  margin  of  the  lens 
CFig.  ^^-^^  Z).  When  the  muscle  of  accommodation,  the  ciliary  muscle  (/,  «}, 
contracts,  it  pulls  forward  the  margin  of  the  choroid,  so  that  the  zonule  of  Zinn  in 
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fintiinate  relation  with  it  is  relaxed.  [When  we  accommodate  for  a  near  ohject, 
I  the  ciliary  muscle  contracts,  pulls  fonvard  the  choroid,  relaxes  the  zonule  of 
]  Zinn",  and  this  in  turn  diminishes  iht*  tension  of  the  anterior  part  of  the  caijsule  of 
ithe  lens.]  The  Icnsassumesa  morecur\cd  form,  in  virtue  of  its  elasticity,  so  that 
[it  becomes  more  convex  as  soon  as  the  tension  of  the  zonule  of  Zinn.  which  keeps 
jit  flattened,  is  diminished  (Fig.  534).  --Vs  the  ixwterior  surface  of  the  lens  lies  in 
I  the  saucer-shaped  unyielding  depression  of  the  vitreous  humor»  the  anterior  sur- 
face of  the  lens  in  becoming  more  convex  mustneceasarily  protrude  more  forward. 
i  Nerves. — According  to  Hensen  and  Volckers,  the  origin  of  the  nerves  of  accom- 
Imodaiion  lies  in  the  most  anterior  root  bundles  of  the  oculomotorius.  Stimulation 
,of  the  posterior  part  of  the  floor  of  the  third  ventricle  causes  accommodation;  if  a 
part  lying  slightly  posterior  to  this  be  stimulated,  contraction  of  the  pupil  occurs. 
|On  stimulating  the  limit  between  the  third  ventricle  and  the  aqueduct,  there  results 
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(Schsm*  of  accomnKxIxtion  for  ncAr  and  dtiunt  »bj«ctji.  The  rij^ht  side  of  ihe  figim  reprehends  the  condition  of  ihc 
leni  (hiring  dccommcilalioi)  for  (l  near  object,  and  iVic  Icfi  «idc  when  Ihc  eye  is  ai  reot.  The  ktiem  indicate  the 
■aine  partk  on  both  tide*  ;  ihtne  im  the  right  «i<Ie  .itc  markeil  t)iit»  ' :  A,  left,  B,  rii/.'hl  i\M  of  the  lens :  C, 
cornea:  S,  Klcrolic:  C.S.,  catut  of  Schleinm  ;  I'.K.,  an  tenor  clumber;  y,  in»:  P,  mtt^m  of  the  pupil .  J',  an- 
terior tutface :  //,  posterior  <iiirrjccof  the  lent;  Ji,  margin  of  the  ten*  -  /\  margin  of  the  ciliary  procciKi :  •!  uBtl 
^,  kpccetKtweea  the  twofcrmer  :  ihe  WnvZ.JC,  indicates  the  thicknet*  of  iheTetit  durlttf  accomniodoUon  for  a 
near  object  :  2,  V,  the  tbickneM  of  the  len*  wbeii  ibe  eye  i*  jiuuMive. 

contraction  of  the  internal  rectus  mu^le.  while  stimulation  of  the  other  parts  around 
fthe  /^^r  causes  contraction  of  the  superior  rectus,  levator  palpebrie,  rectus  inferior, 
snd  inferior  oblique  iDuscles. 

Proofs. — That  the  lens  undergoes  an  alteration  in  its  curvature,  during  accommodation,  \%  proved 
jby  the  following  facts  : — 

I.  Pufkinje-Sanson'a  Images- — If  a  liyhied  candle  he  held  at  one  side  of  the  eye,  or  if  light 
|l>e  al!owe<l  v)  fil!  on  ilie  eye  through   two  triangular  holes,  placed  alKtve  each  other  and  cut  in  a 
Ipiecc  of  cardtMjrd,  in  ihc  1  niter  case  the  observer  will  see  three  pairs  of  reflected  images  [in  the 
.Ibrmer,  three  images].     The  brighleat  and  most  dis- 
junct image  (or  pair  of  iffiagts)  is  erect  and  i3  pro-  pic,  cjc. 
^UCed  )iy  the   anterior  surface  of  the    cornea    ( E'tg, 
<t535*^)-     '^^  second    ims^e   (or  pair  of  images)   is 
rjdso  erect.     It  is  the  largest,  but   il   i-i  not   so  bright 
'(^),  and  it  is  reflected  hy  the  anterior  a.urface  of  the 
liens.     I'llie  )-ize  of  a  retlecied  ima^^c  frutn  a  coovcx 

Sirror  is  greater,  the  longer  the  ritlius  of  cur\-aturc  of 
e  refieciing  surface.)     The  lallcr  image  lies  S  mm. 
efc^iffi/ the  plane  of  t tie  pupd.     The  third  image  (or 

^ir  of  images)  is  of  medium  :i)ze  and  medium  brigot- 
B5— itis  inverted  and  lies  nearly  in  the  plane  of 
jlhe  pupil  (•-).  The  posterior  cnjisule  of  the  lens, 
j*hicu  retlects  the  last  image,  acts  like  a  concave 
jOTinw.  If  a  luminous  object  be  placed  at  a  di«.tancc  from  n  concave  mirror,  its  invcned,  diminished, 
,jY(j/ image  lies  close  to  ibc  focu«  toward  the  side  of  (he  object,  (f  the  images  tie  studied  when  the 
lobaervcd  eye  w  pauive, »,  e.,  in  the  phase  of  o^ative  accomtaodalioo,  on  asking  the  penon  cxpcri- 


SAnfon-PorlcinJc't  imajiet,  a,  6,  i,  during  negative, 
and  m,,  $„  r,, positive  accomaiodAiion, 
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menled  upon  to  accomroodaie  his  eye  for  a  ne«r  object.  At  once  ■  change  in  the  relative  positioa  Mid 
size  uf  some  of  (he  images  U  apparent.  The  middle  pair  of  images  reflected  by  the  anterior  snr- 
facc  of  the  lens  diminish  in  size  and  approach  each  other  {*),  which  depends  upon  the  fact  that 
the  anterior  sutfuce  of  the  lens  has  l>econie  more  convex.  At  the  same  tune,  the  inia^e  (or  pair  of 
images)  comes  nearer  to  the  ima^e  formed  by  the  cornci  {a^  and  £j)  as  the  anterior  surface  of  (be 
leo:^  lies  nearer  to  the  comea.  The  other  images  (or  pair  of  im^es)  neither  change  their  aire  tHir 
position.  Helnihalt/,  with  the  aid  of  the  upluhalmomeler,  has  mea.<iurf^d  thr  diminution  of  the 
nuUus  of  curvature  of  the  anterior  surface  of  the  lens  during  accommodaiion  for  a  near  ohi«ci. 

[Pbakoscope. — These  images  may  be  rtaiddy  sbo«D 
by  mcons  of  the  phakoMrope  of  t.  HclmhuUz  1  Flij.  5J6)- 
Ii  consists  of  a  triangular  box  with  its  angles  cut  oii~  ard 
blackened  inside.  The  oliferver's  eye  i»  placed  at  •/.  white 
on  (he  opposite  side  of  the  box  aie  two  pn»n»,  t,  fi* ;  the  , 
ob«:rved  eye  is  placed  at  the  aide  of  the  box  oppokite  lo  C  1 
When  a  candle  Ls  held  in  front  of  the  prisma,  fi  and  ^*, 
three  pairs  of  images  are  seen  in  the  observed  eye.  Ask 
the  person  lo  accommmlate  for  a  distant  objecl,  and  nole 
the  position  of  the  images.  On  pushing  up  the  slide  C 
with  ajiin  attached  to  it,  and  asking;  htm  lo  accommudiic 
for  the  pin,  /.  g.,  for  a  near  object,  the  position  and  sue  of 
the  middle  images  chiefly  wilt  be  seen  to  alter  b&  dcscnhcd 
above.] 

2.  In  cnnset|uciice  of  the  increased  curvature  of  the  leos 
during  accommtxlatittii  jor  a  near  object,  the  refr«c(ivc 
indices  within  the  eye  roust  undergo  a  change.  According 
t(i  V.  Hehnlmll/,  the  Rnncxe<l  measurements  obtain  in  n^a 
live  and  jwsiiive  occoimoodotion  respectively. 

3.  Lateral  View  of  the  Pupil. — If  the  passive  eye  be 
Irnked  At  from  the  side,  we  otKicr\'e  only  a  small  olack 
stiip  of  the  pupil,  which  becomes  broader  as  soon  as  the 
person  ex|>erimented  on  accommodates  for  a  near  object, 
as  the  whole  pupil  is  pushed  more  forward. 

4.  Focal  Line. — If  light  be  admitted  through  the  cor- 
nea into  the  anterior  chamber,  the  *'  foco]  line  "  formed  hy 
the  concave  surface  of  the   cornea  falls  upon  the  iru.     If 
the  experiment  be  made  upon  a  person  who*e  eye  is  accom- 
modated for  a  distant  object,  so  that  the  line  lies  near  the  ma^in  of  the  pupil,  il  giadnally  recedes 


Phuki. 


ilmboUt. 


AcconunodatiQn. 


N^ative— Un.     PomHw— Mm. 


Radius  of  the  cornea, , 

Radius  of  anterior  surface  of  lens , 

Radius  of  posterior  surface  of  lens, 

Position  of  the  vertex  of  the  outer  surface  of  thelena  b^ind  Ihei 

vertex  of  the  cornea / 

Position  of  the  posterior  vertex  of  the  lens, 

Position  of  the  antcriDr  focal  point, 

Position  of  the  first  princi(^*al  point 

Position  of  the  second  principol  paint, 

Pbsition  of  the  posterior  focal  point  behind  the  anterior  vertex  of\ 

the  comea, , j 
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toward  the  aclcTttl  margin  of  the  Irb,  is  foon  as  the  person  accommodates  for  a  near  object,  becaiue 
the  iris  becomes  mure  ublirjue  as  its  inner  margin  is  pushed  forward. 

>(  5.  Chaf^gg  in  Size  of  Pupil. — On  accommodating  for  a  near  object,  the  pupil  contracta, 
while  in  accommodation  for  a  diatant  nhject,  it  dilates  [DfutTf/n,  16}"^].  The  contraHimTtaCT* 
place  slightly  after  the  nccommodation  {Doniifrs).  This  phenomenon  may  be  regarded  as  an  a>^o 
ciated  mnrrmeni,  as  both  the  ciliary  muscle  and  the  sphincter  pDinlla-  are  su(iplied  l-y  the  ocuJocno- 
torius  {\  545.  2,  3).  A  reference  to  Mg.  533  show5  that  the  latter  also  directly  supjnrls  the  ciliary 
muii^cle;  as  the  inner  margin  of  the  iris  passes  inward  (toward  r),  its  tension  tends  to  be  prop^ated 
to  the  ciliai}-  margin  of  the  choroid,  which  nKo  mu.>-t  pan»  inward.  The  ciliary  piocessea  an  made 
tense,  chiefly  by  the  ciliar)'  muscle  {tcmor  churoida;).  Accommodaliun  can  still  I*  performed,  even 
though  the  iris  he  absr-in  or  cleft. 

6.  Internal  Rotation  of  the  Eye. — On  rotating  the  eyeliaU  inward,  accommodation  for  a  near 
ol.ject  is  prrfonued  involuntarily.     As  rotation  of  buih  cyebalU  Inward  takes  place  when  the  axes  of 
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I  are  directed  to  &  M/ar-  object,  it  is  evident  that  this  most  be  accompanied  involuntarily  by  «n 
timodaiion  of  the  eye  for  a  near  object. 

7.  Time  for  Accommodation. — A  person  can  accoiumodaic  from  a  near  to  a  distant  ol^ect 
(which  depends  upon  relaxation  of  the  ciliary  muscle)  much  more  rapidly  than  conversely,  from  a 
dUtant  to  a  near  object  (  Vterordt,  Aeby\.  The  process  of  accommodalion  requires  a  longer  lime, 
Ibe  nearer  the  object  is  broaght  to  the  eye  (  VifronU^  I'olckert  ami  I/eNsen).  The  time  necesiary 
for  the  iina^e  reHected  frooi  the  anterior  surface  of  the  lens  to  change  its  place  during  accommodation 
is  le»  than  that  miuired  for  subjective  accomtnodatibn  {AuAert  ami  Angflucci). 

S.  Line  of  Accommodation. — When  (he  eye  is  placed  iu  a  certain  ixtsitiondurirg  accommoda- 
tion, we  may  see  not  one  jxiint  alone  dislinclly,  but  a  whole  series  of  points  behinti  each  other. 
Czcrmak  called  the  line  in  which  these  points  lie  the  lint  of  auommodation.  The  more  the  eye  is 
occomniodated  for  a  distant  object,  the  longer  does  this  line  become.  All  object*  placed  at  a  greater 
distance  from  the  eye  than  6a  to  70  metres  apjwar  equally  distinct  to  ihe  eye.  The  line  becomes 
shorter  the  more  we  accommodate  for  a  near  object — 1'.  ^.,  when  we  accommodate  as  much  a»  poft&i- 
hlc  for  a  near  abject ,  a  second  jxiint  can  only  he  seen  JndLstinctly  at  a  ihori  distance  behind  the  object 
looked  at. 

9.  Tlie  nerves  concerned  in  the  mechanism  of  accommodation  are  referred  to  nnder  Ocutomotorim 


(\  34S.  and  again  in  jj  704). 

Sc 
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>chcincr's  Experiment. — The  experitnent  which  bears  the  nameof  Scheiner 
(1619)  serves  to  illustrate  the  refractive  action  of  the  lens  during  accommodation 
for  a  near  object,  as  well  as  for  a  distant  object.  Make  two  small  pin  holes  (S,  d') 
in  a  piece  of  cardboard  (Fig.  537,  K,  K;),  the  holes  being  nearer  to  each  other 
than  the  diameter  of  the  pupil.  On  look- 
ing through  these  holes,  %  d,  at  two  needles 
(/and  r)  placed  behind  each  other,  then 
on  accominodaiing  for  the  near  needle  (/) 
the  far  needle  (r)  becomes  double  and  in- 
verted. On  accomtnodating  for  the  near 
needle  (/),  of  cotirse  the  rays  proceeding 
from  it  fall  upon  the  retina  at  the  focus 
(/i) ;  while  the  rays  coming  from  the  far 
needle  (/■)  have  a/ready  united  and  crossed 
in  the  vitreotis  humor,  whence  they  diverge 
more  and  more  and  form  two  pictures 
(''/»0  ""  '^^  retina.  If  the  right  hole  in 
the  cardboard  {d )  be  closed,  the  h/i  picture 
on  the  retina  (r^^)  of  the  double  images  of 
the  far  needle  disappears.  An  analogous 
result  is  obtained  on  accommodating  for 
the  far  needle  (R).  The  near  needle  (P) 
gives  a  double  image  (P^,  1\,),  because  the 
rays  from  it  have  not  yet  come  to  a  focus. 
On  closing  the  right  hole  ((/^),  the  right 
double  image  (P,)  disappears  {PorierfieU). 
When  the  eye  of  the  observer  is  accommo- 
dated for  the  near  needle,  on  closing  one 
aperture  the  double  image  of  the  distant 
point  disappears  on  that  side ;  but  if  the 
eye  is  accommodated  for  the  distant  needle,  on  closing  one  hole  the  crossed  image 
of  the  near  needle  disappears. 

388.  REFRACTIVE  POWER  OF  THE  EYE—ANOMALIES  OF 
REFRACTION. —  The  limits  of  distinct  vision  vary  very  i;reatly  in  different 
eyes.  We  distinguish  the  far  point  [p.  r.,  punctum  rcmotum]  and  the  near 
point  [p.  p.,  punctum  proximum] ;  the  former  indicates  the  distance  to  which 
an  object  may  be  removed  from  the  eye,  and  may  still  be  seen  distinctly ;  the 
latter,  the  distance  to  which  any  object  may  be  brought  to  the  eye,  and  may  still 
be  seen  distinctly.  The  distance  between  these  two  points  is  called  the  range  of 
accommodation.     The  types  of  eyeball  are  characterized  as  follows: — 
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I.  The  normal  or  emmetropic  eye  is  so  arranged  when  at  /•«/  that  pAtai: 

rays  (Kig.  53S,  r,  r)  coming  rrom  the  most  distant  objects  can  be  focused  on 
retina  (r,).     The /j/- point,  therefore,  is  =  00  (infinity).     When  accommodalii 
as  much  as  possible  for  a  near  object,  whereby  the  convexity  of  the  lens  is  in 
(Fig.  538,  a)  rays  from  a  luminous  point  placed  at  a  distance  of  5  inches  arc  «f 

focused  on  the  retina,  /'.  e.,  itxtmtar 
'*"  ^^  '  point  is  =  5   inches  (i    inch  = 

mm.).     The  range  of  accomm 
tion,    or   [  "  M^    '■''"f^   <fj  t^iitit 
visivn"'\,  therefore,  is  from  5  inci 
(10-12  cm.)  to  00.  >- 

2.  The  short-sighted,  mvopic 
eye  (or  long  eye)  cannot,  when  ai 
rest,  bring  parallel  rays  from  infinitj 
10  a  focus  on  the  retina  (Fig.  531 
These  rays  decu^ate  within   the 
rt'ous  humor  (at  O),  and  after  cross- 
ing  form  diffusion  circles  upon 
retina.     The  object  must  be  remo 
from  i\ic  passive  eye  to  a  distance 
60  to  1 20  inches  (toy),  in  order  that 

rays   may    be    focused    on 
retina.      The   passive    myopic  e 
therefore,  r^an  only  focus  divergent  rays  upon  the  retina.     'X^t  far  pointy  therefi 
lies  abnormally  near.     With  an  mtense  effort  at  accommodation,  objects  at  a 

tance  of  4  to  2  inches,  or 
less,  from  the  eye  may  be 
distinctly.  The  nrar  point, 
thercfore.licsabnormallynetr; 
the  range  of  aecommo4aii*m  it 
diminished. 

Short-BJghtedneBs,  or  tnjropia. 

usually   dcpcntU    uptm    congciuut, 

imd  fitxiurnlly  herciliury,  chM^difltt 

ur  the  eyeball.     TbU  anoouUjr  of  tbt 

rerradivc  media  is  euily  comctH 

hy  uMng  a  diverging    lens  fcoo 

cave),    which    makes  parallel  rm 

ilivercfDt,  10  ihoj  they  can  be  bvVK 

to  a  focos  00  ihe  retina.     It  is  remarkable  tlini  mott  children  arc  myopic  when  ihey  aie  Uwn.    Taa 

luyopin,  hoMcvcr,  depends  upon  a  UKieuned  ctmfiition  of  the  cornea  and  lens,  and  00  Ibelenil«tB( 

loo  near  the  cornea.     As  the  eye  grows,  (bis  shortsightedness  diuppcars.     TIk  cause  of  myofai  m 

children  is  a'laiucd  to  the  continued  activity  of 
Fig.  540.  ^^  ciliary  muscle  in  readini;,  writini;,  etc  ,  of  •  be 

conltnaed  convergence  of  the  eyebalU.  whovby 
llie  external  pressure  upoo  the  eyeball  b  io- 
crca&ed . 

3.  The  long-sighted,  hyperme- 
tropic eye,  hyperoptic  (flat  eye)  when 
_^  at  reit.  ean  only  cau^c  convergent  rays 
to  come  to  a  focus  on  the  retina  (Fij; 
540).  Distinct  imagescan  only  be  formrtl 
when  the  rays  proceeding  from  object* 
are  rendered  convergent  by  means  of  *_ 
convex  lens,  a.s  parallel  rays  would  < 
to  a  focus  behind  the  retina  {^if). 
natural  ob)e<^  are  either  divergent,  or   at  most  01 
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parallel,  never  convergent.  Hence,  a  longsighted  person,  when  the  eye  \s passive, 
i.  c. ,  '\^  negatwf/y  accommodated,  cannot  see  distinctly  without  a  convex  lens. 
When  the  ciliary  muscle  contracts,  slightly  convergent,  parallel,  and  even  slightly 
divergent  rays  may  be  focused,  according  to  the  increasing  degree  of  the  accom- 
modation. The/ar  fioinf  o(  the  eye  is  negative,  the  /j^ar/^//;/ abnormally  distant 
(over  8  to  So  inches),  while  the  range  of  accommodation  is  infinitely  great. 

The  cause  of  liypermeuopia  is  nbiiormitl  shortness  of  the  eye,  which  is  geDcraily  due  to  imperfect 
developmeni  in  all  dircciions,     II  i.v  corrected  b)'  using  a  convex  lens. 

[Defective  Accommodation, — In  the  presbyopic  eye,  or  long-sighted  eye 
of  old  people,  the  near  point  is  further  away  than  nonnal,  but  the  far  point  is  still 
unaffected.  In  such  cases,  the  person  cannot  see  a  near  object  distinctly,  unless 
it  be  held  at  a  considerable  distance  from  the  eye.  It  is  due  to  a  defect  in  the 
mechanism  of  accommodation,  the  lens  becoming  somewhat  flatter,  less  elastic, 
and  denser  with  old  age,  while  the  ciliary  muscle  becomes  weaker,  in  hyperme- 
tropia,  on  the  contrary,  the  mechanism  of  accommodation  may  be  perfect,  yet 
from  the  shape  of  the  eye  the  person  cannot  focus  on  his  retina  the  rays  of  light 
from  a  near  object.  In  presbyopia  the  range  of  distinct  vision  is  diminished. 
The  defect  is  remedied  by  weak  convex  glasses.  The  defect  usually  begins  about 
forty-five  years  of  age.] 

Estimation  of  the  Far  Point— Snellen's  Types. — In  order  to  dclcrmiiic  the yor/*y«/ of  an 
eye.  grndually  bring  nearer  lo  the  eye  ohjecis  which  form  a  visuit  angle  of  5  minutes  (c.^.,  Snellen's 
smalt-tyiH:  letters,  or  the  medium  type,  4  to  8,  of  Jaeger),  until  they  can  be  seen  distinctly.  The 
di5tnncc  from  the  eye  indicalc<f  the  far  point.  In  order  to  deiermine  the  far  point  of  a  myotic  pcr-son, 
place  at  20  inches  distant  from  the  eye  the  Mune  objects  which  give  n  visual  angle  of  5  minutes,  and 
ascertain  the  ccntave  Ints  whicti  will  enable  the  person  lo  see  the  objects  distinctly.  To  estimate  the 
near  faitti.  bring  small  olijects  {e.g.,  the  finest  (wint)  nearer  and  nearer  to  the  eye,  until  it  finally 
hecomc^  iniliMiiict.     Tlie  distance  at  which  one  can  atill  see  dUtinctly  indicates  the  far  point. 

Optometer. — The  optomeicr  may  also  he  used  to  determine  the  near  and/nrjioin/t.  A  small 
object,  e.  ^.,  a  needle,  i;^  so  arranged  a;»  to  be  movable  along  a  scale,  along  which  the  eye  to  be 
investigated  can  look  as  a  pcr^in  looks  along  the  sight  of  a  ritle.  The  needle  i&  moved  as  near  as 
possible,  and  then  removed  as  far  as  pos-iible,  in  each  case  as  long  as  it  is  seen  distinctly.  The 
distance  of  the  near  and  &r  {NnnL  and  the  range  of  accommodation  can  be  read  off  directly  upon  the 
scale  (O'rSe/e). 

389.  FORCE  OF  ACCOMMODATION.—Force.— The  range  of  accommodation,  which  is 
easily  determined  experimentally,  docs  not  by  iisclf  determine  the  proper  p^wer  or  /one  of  accom- 
modation. The  tTMraiiutc:  of  the  latter  deixrnds  iJ]>on  the  tttrekanicai  work  done  by  the  muscle  of 
accommodation,  or  the  ciliary  muscle.  Of  coume  this  cannot  be  directly  determined  in  the  eye  itself. 
Hence,  this  force  is  mea.surcd  by  the  optical  effect,  which  rcsulis  in  consequence  of  the  change  tn  the 
shape  of  the  lens,  hmught  about  by  the  energy  of  the  contracting  mnscle. 

In  ihe  nortnal  eye,  during  the  passive  condition,  the  ruys  coming  from  infinity,  and  tlierefore 
parallel  (which  are  dotted  in  Fig.  541),  are  focuM<I  u|x)n  the  retina  at  /.  If  rays  coming  from  a 
diMance  of  5  inches  (p.  S06)  are  to  lie 

focu.<(ed,  the  whole  available  energy  of  FiG.  54I. 

the  ciliar>'  muscle  must  be  brought  into 
jilay  lo  allow  the  lens  to  become  more 
convex,  so  that  the  rays  may  Ix;  hronghl 
to  a  focus  aiy;  The  energy  of  accom- 
mr>dalion,  therefore,  produces  an  optical 
effect  in  as  far  0$  it  increases  the  con- 
vexity of  the  anterior  suifuce  of  the 
passive  lens  (A),lfy  the  amount  indi- 
cated by  H.  I^aciicaily,  we  may  regard 
the  maUer  a^  if  a  new  convex  lens  (B) 
were  added  to  the  existing  convex  lens 

(A).  VVTiat,  therefore,  must  be  the  focal  distance  of  the  lens  (B),  in  order  that  rays  coming  from  the 
near  point  (5  inches)  may  be  focused  upon  the  retina  at/?  Evidently,  the  lens  It  must  make  the 
diverging  rays  coming  from  /,  parallel,  and  then  A  can  focn.s  them  at  /  Gmvcx  lenses  cau!>e  lh<>ic 
rays  proceeding  from  their  focal  points  to  pa&s  out  »t*ihe  other  side  as  parallel  rays  (5  385,  I}. 
i  lence,  in  our  case,  the  lens  must  have  a  focal  distance  of  5  inches      The  normal  eye.  therefore,  with 
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the  far  point  :=  oo  *  and  the  ocur  point  =  $  inches,  hua  power  of  accommodation  eqoal  to  a  1 
5  inches  focal  dbtance.  When  ihe  lens  by  the  energy  of  accoromMlaiion  is  rtmaleiotl  morr  prnm^Jff 
refractive,  the  increase  (B)  can  readily  be  eliminated  tiy  placing  before  (he  eye  a  •■ancQVe Umi  whieh 
possesses  exactly  che  o{>po!kite  optical  eflecl  of  ihe  increase  of  accominodatiou  (B).  Kaiee.H  |i 
pa&sibic  to  indicate  the  power  (force)  of  accommodation  of  the  e^e  by  a  lens  of  a  del'imtr  Ibnl 
distance,  I.  ^.,  by  the  optical  effect  produced  bj-  ihe  latter.  Therefore,  accoedtng  !■  *  ■  '  >)» 
measure  of  the  force  of  accrminioilation  of  the  eye  is  the  n-cijirucal  value  of  the  km  <  .   i 

conca^-e  lens,  which,  when  placed  Jieforc  the  accommodated  eye,  so  refracts  the  rays  ui  ..„. j-iaj 

from  the  near  point  \p)  as  if  they  cauic  from  the  far  point. 

Bxaniple.— We  may  calculate  ihe  force  uf  the  accommodation  according  to  the  fo1lowiD|[  fbniiiti: 

~  ^= ,  f .  <*.,  che  force  of  nccommodalion,  expressed  as  the  dioptric  value  of  a  lens  (of  <  ladi 

focal  distance),  ii  e^jual  to  the  difference  of  the  reciprocal  values  of  the  dirtonces  of  the  nc«r  poiaii^i 
and  of  the  for  point  (r)  of  the  eye.     In  tlie  emmttmpie  eye,  as  already  nienttuncf],  /  :=  5,  r  =at 

Its  force  of  accommodation  is  therefore  ~  =k q  •  ^  ^'*^  -^  ^  5>  >•  '•*  it  >>  er|ual  to  a  leu  at  5 

^        P  o  111 

mches  focal  distance.     In  a  myopic  eye,/  =  4,  r  ^  12,  so  that  -  — ,  1.  a,  j  ^6.    la 

X        4         '  • 
another  myopic  eye,  with  /  :=  4  and  r=  20,  then  .r  =  5,  which  '\s  n  normal  force  of  aecomtneddMa. 
Hence,  it  va  evident  that  two  difictcnt  eyes,  possessing  a  very  difTereni  range  of  accoannodaiioQ,  nay 
nevertheless  have  the  same/0/r/of  accommodolion.     Example. — The  one  c^e  hwt/  ^  4,  rsx, 

the  other,  /  =  3,  r  ^  4.     In  both  cases,  -■  ss  -  ,  so  that  the  force  of  accoaunodaiioa  of  both  qo 

b  equal  to  the  dioptric  value  of  a  lens  of  4  inches  focal  distance.  Conversely,  two  eyes  may  hafe  tbe 
same  range  of  accommodation,  and  yet  their  force  of  accommodation  be  very  unecjoal  Exatnptc- 
— The  one  eye  has  /  =  3,  r  =  6  ;   the  other  />  =  6,  r  =  9.     Itoth,  therefore,  have  a  fWge  uf 


inches. 


For  these,  the  force  of  accommodation.      =    _ .—        ^ 

J       3        6 


accommodation  of  3 
i  =  i-i.x=i8. 

JT  O  9 

Relation  of  ranf^e  to  force  of  accommodation. — The  gftural  lata  is,  that,  the 
accommodation  of  two  eyes  Wing  c<jually  ^reai,  then  ihdr  form  of  accommodation  are  of 
vided  that  their  near  points  ore  the  yime.  If  the  »'/i«^«  of  accommodation  for  both  eye*  are  < 
great,  but  their  near  l.<oi^t^  unet|ual,  then  (tie  forces  of  accommudnltun  ate  also  unntual — the  lllttf 
being  greater  tn  ihe  eyes  n-ilh  (be  smallest  near  point.  This  is  due  to  ihc  fnct  that  every  diflmacf 
of  distance  ntar  a  lens  has  a  much  greater  effect  upon  the  image  as  compared  with  differences  id  tW 
distancey^ir  from  a  lens.  The  cmmelTupic  eye  can  see  distinctly  objects  at  60  to  70  metres,  and  rw 
to  infinity,  without  accommodation. 

While/  and  r  may  be  direcily  estimated  in  the  emmetropic  and  myopic  eyes,  this  it  in^niAli 
with  the  hj-permetropic  (lonK-sighied)  eye.     The  far  point  in  the  latter  ts  negative:  i    ' 
pronounced  hypcrmetropia  even  ihc  near  point  may  be  negative.     The  far  point  may  1  - 

mnking  the  hypermclropic  rye  pmclically  11  normal  eye  by  u^ng  suitable  convex  lenses.      .  mv  -. 

near  point  may  (hen  he  determined  by  means  of  the  lens. 

Hvirn  from  the  15th  year  onward,  the  jiowcr  of  accommodation  b  generally  dimiaisbed  for  M« 
ohjecis  — perhaps  (his  is  due  to  n  diminution  of  the  elasticity  of  the  lens  {Domtert). 

390.  SPECTACLES, — The  focal  distance  of  concave  (divcrginc).  as  well  as  convet  Icooftit' 
ing),  spectacles,  depends  upon  the  refractive  index  of  the  glass  (usually  3  :  2),  and  on  the  Innthof 
the  radius  of  curvature.  If  the  ctirvaiure  of  both  sides  of  the  lens  is  the  same  (biconcave  or  faioos- 
vcx),  then,  with  the  ordinary  refractive  index  of  glass,  tlic  focal  distance  is  the  same  as  the  raiUwaf 
curvaim^.  If  one  surface  of  the  lens  is  plane,  then  the  focal  distance  i<i  twice  as  great  as  the  raifo 
of  the  spherical  surface.  Spectacles  are  arranged  according  to  their^vtf/  liiitaHtt  im  in.  iet,  b«  ■ 
lens  of  shorter  focal  disAance  than  i  inch  isgcnrnlly  not  used.  They  may  al<io  be  orrangcJ  accordnf 
to  their  rtfractivt pint*er.  In  (his  case,  the  rcfniciive  power  nf  a  lens  of  i  inch  focus  Is  lakni  astir 
unit.  A  lens  of  2  inches  focus  refracts  light  only  half  as  much  va  the  unit  measure  of  1  indi  focm', 
a  lens  of  3  inches  focus  refracts  \.^  as  strongly,  etc.  This  is  the  case  l>oth  with  convex  and  coboi* 
lenses,  the  tatter,  of  course,  having  a  negative  focal  distance ;  thus,  **  concave — ^,"  indieales  t^s 
concave  lens  diverges  the  rays  of  light  one  eighth  as  strongly  as  (be  concave  lens  of  1  tncfa  (oagatitl 
focal  distance. 

Choice  of  Spectacles. — Having  determined  the  near  point  in  a  mjropic  eye,  of  ooanr  *« 
require  to  render  parallel  ihe  divergent  rays  coming  from  the  far  point,  just  as  if  tbey  cane  ft«a 
intintty.  Tliu  is  done  by  selecting  a  concave  lens  of  the  focal  distance  of  ihc  far  point.  The  grcttetf 
distance  is  the  far  point  of  (he  emmetropic  eye.  Suppose  a  myojiic  eye  with  a  far  potp'  ^  f  f'  "»'^^ 
then  such  a  person  refiuires  a  concave  lens  of  6  inches  focut*  tu  enable  him  to  see  >' 
greatest  distance.  Thus,  in  a  myopic  eye,  ihe  distance  of  the  far  |»oini  from  ihe  rye  i-^ 
to  the  focus  of  the  (weakest)  concave  lens,  which  enables  one  to  sec  distinctly  objects  at  the  (iwio' 
diiilance.     These  lenses  gcneralty  have  the  same  number  as  the  spectacles  rei:]uiTed  to  corsed  iM 
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defect.  Example.— A  myopic  eye  with  a  far  point  of  8  inches  requires  a  toneavf  lens  of  8  inches 
ibcas.  t. /.,  ihe  cuncave  speaaclcs  No.  S.  Kor  the  hyperraetropic  (long-sighted)  eye,  the  focil 
diftancc  of  Ihc  wrongest  convex  Ien%  which  fnahlcs  the  hypcrmelmpic  eye  to  sec  the  most  distniit 
objects  distinctly,  is  at  the  snme  lime  the  dtMoncc  of  the  far  point  from  ilic  eye.  Example. — A 
faypermetropic  eye  wliich  can  sec  ihe  mo>t  distant  objects  with  the  aid  of  n  convex  lens  of  I2  inches 
focus  hai  a  far  |x>inl  of  12;  the  proper  spectacles  are  convex  No.  12. 

[Diopter  or  Dioptric. — 'Ilic  fiKal  Icnylh  of  a  tens  used  to  be  expressed  in  inches ;  and  as  the 
nntt  was  taken  as  i  inch,  nccessnrily  all  weaker  lenses  were  exjn'essed  in  fractions  of  an  inch.  In 
the  method  advocated  by  I)onder»,  the  Mandard  \s%  lens  of  a  focal  distance  of  I  metre  (39.370 
English  inches,  about  40  inches),  and  this  unit  is  called  a  dioptrie.  Thus,  the  standard  i.<i  a  weak 
lens,  so  that  the  stronger  lenses  are  muUiples  of  this.  Hence,  a  lens  of  2  dioptrics  =  one  of  about 
20  inches  focus;  lo  dioptrics  =:  4  inches  fncns ;  and  so  on.  The  lenses  are  numbered  from  No.  i, 
(*.  t.,  1  dioptric  onward.  It  is  convenient  to  use  signs  instead  of  the  words  convex  and  concave. 
For  convex  (he  sign  plus  -\-  is  used,  and  for  concave  the  sign  minus  — .  Thus  a  -f-  4.0  means  a 
Convex  lens  of  4  dioptrics,  tind  n  —  4.0  =  a  concave  lens  of  4  dioptrics.] 

In  all  ca»C3  of  myopia  ur  hyijermctrppia,  the  person  ought  to  wear  the  proper  spectacles.  In  a 
myopic  eye.  when  the  far  pomt  is  still  ninre  than  5  inchc-«,  the  patient  ought  always  to  wear  <>peC' 
Ucles;  but  generally  the  work'^iog  distance,  e.g.,  fur  reading,  writing  and  for  handicrafts,  is  about 
12  inches  from  the  ej'e.  If  the  person  desires  to  do  finer  work  (etching,  drawing),  requiring  the 
object  to  Ije  brought  nearer  to  the  eve,  so  as  to  obtain  a  larger  image  ujjon  (he  retina,  then  lie  should 
either  remove  the  spectAcIcs  altojjclher  or  use  a  weaker  pair. 

nie  hypermetropic  person  ought  to  wear  his  convex  spectacles  when  looking  at  a  near  object, 
and  eti{>ccin]ly  when  the  illumination  is  feeble,  because  then,  owing  to  the  dilatation  of  the  pupil,  the 
diffusion  circle*  of  the  eye  tend  to  become  very  pronounced.  It  is  advisable  to  wear  at  first  convex 
speciadei,  which  are  slightly  too  strong.  Cylindrical  lenses  are  referred  to  under  Astigmatism. 
Specucles  provided  with  dull  colored  or  blue  glasses  arc  iLwd  to  protect  the  retina  when  the  light 
Is  too  intense.  Stcnopaic  spectacles  are  narrow  diaphraguis  placed  in  front  of  the  eye,  which 
Cause  it  to  move  in  a  ilclinitc  direction  in  order  to  see  through  the  opening  of  the  diaphragm. 

j/391.  CHROMATIC  AND  SPHERICAL  ABERRATION,  ASTIG- 
MATISM.— Chromatic  Aberration. — All  the  ravs  of  xvhitc  liglu  which 
undei^o  refraction  are  at  the  same  time  broken  tip  by  di'si>erjion  into  a  bundle  of 
rays  which,  when  ihey  are  received  on  a  screen,  form  a  spectntm.  This  is  due  to 
ihe  fact  that  the  different  colors  of  the  spectnim  possess  different  degrees  of  refran- 
gibility.     The  violet  ra>'s  are  refracted  most  strongly  :  the  red  rays  least. 

A  white  point  on  a  Wnck  ground  does  not  form  a  sharp  simple  image  on  the  retina,  but  many 
Colored  p<Mnti<  api>ear  after  each  other.  If  the  eye  is  accommodated  50  strongly  as  to  focus  the 
riolet  rays  to  a  sharp  image,  then  all  the  other  colors  must  furm  concentric  diffusion  circles,  which 
brcnnic  iai^r  toward  the  red.  In  (he  centre  of  all  the  circle*,  where  all  the  colors  of  the  specirum 
are  superposed,  a  white  point  is  produced  by  their  mixture,  while  around  it  are  placed  the  colored 
circles.  The  Jistance  of  the  focus  of  the  red  rays  from  that  of  ihc  violet  in  the  eye  =  0.58  to  0.62 
mm.  The  focal  distance  for  red  is,  according  to  v.  [lelmfaoUz,  for  the  reduced  eye,  20.524  mm. ; 
for  violet,  20.140  mm.  Thus,  the  near  and  far  points  for  viulet  light  are  nearer  each  other  than  in 
(he  case  of  red  light;  white  objects,  therefore,  api>ear  retlduvh  when  l*cyond  the  far  point,  but  when 
nearer  than  the  near  point  they  are  violet.  Hence  the  eye  must  accommodate  more  sironply  for 
red  nijs  than  for  violet,  so  that  we  judt^e  red  objecLs  to  be  nearer  us  than  violet  objects  placed  at  an 
equal  distance  {Briukt). 

/  yonochipinatic.  or  Spherical  Aberration. — Apart  from  ihe  decomposition  or  dispersion  of 
white  light  into  its  com[>onen|s — the  rays,  of  white  light,  proceeding  from  a  point  if  transmitted 
^rough  refractive  spherical  surfaces^— we  tind  that,  before  the  rays  are  again  brought  to  a  focus  the 
marginal  Twn  are  more  strongly  refracted  than  those  passing  through  the  central  parts  of  the  lens. 
Hence,  there  is  not  one  focus,  biit  many.  In  the  eye  this  defect  is  naturally  corrected  by  the  /rw, 
Wbicl),  acting  as  a  diaphragm,  cuts  off  the  marginal  rays  (Fig.  531 ).  especially  when  the  Icna  is  most 
convex,  when  the  pupil  also  is  most  contracted.  In  addition,  the  margin  of  the  lens  has  less 
fractive  power  than  the  central  substance;   lastly,  the  margins  of  the  refractive  spherical  surfaces 

if  the  eye  are  less  curved  toward  their  margins  than  the  pnrts  lying   nearer  to  Ihe  optical  axis. 

'  mpire  the  form  of  the  cornea  (p.  783}  rikI  the  Ifns  (p.  790). 
Itnp^ffeql  Qen^r^Qc-  of  the  Refractive  Surfaces, — The  8harj>  projection  of  an  image  is  some* 
'%hat  interfered  with  by  the  fact  that  the  refractive  surfaces  are  not  exactly  centred  {Briitte). 
Thus,  the  vertex  of  the  cornea  is  not  exactly  in  Ihe  termination  of  the  opiic  axis;  the  vertices  of 
both  surfaces  of  the  lens,  and  even  the  different  layers  of  the  lens  itself,  are  t;ot  exactly  in  the  optic 
auis.  The  variations,  however,  and  the  disturbances  produced  thereby  are  verj-  small  indeed, 
y  Regular  Aatign^atisin, — When  the  curvature  of  the  refractive  surfaces  of  the  eye  is  unequally 
'^reat  in  its  diflerent  mendians,  of  course  the  rays  of  light  cannot  be  united  or  focused  in  one  point. 
Generally,  in  such  cases,  the  cornea  is  more  cun'ed  In  its  vertical  meridian  and  least  in  the  horizontal 
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(m  is  tliown  by  opbtholmotnctnc  raeuurcments,  p.  798).  The  ray*  pauin;  throogh  the  vcnicil 
meridian  cnnie  to  a  focuit,  firxt^  in  a  homtintol  (ocal  lioc;  while  ihc  ravs  cnlenne  boruooliJljr  1 
afterwaid  in  a  vertical  line.  There  ift  thus  no  commaa  focus  for  the  hght  rayi  in  tbc  cvti  \ 
the  nnrne  "  asli);mati&m."  The  lens  alttu  is  uiie*.|uall)r  curvcl  in  its  nierijian»,  trul  it  is  tb<  I 
of  the  curnea;  coiise(|uendy,  a  part  of  the  ineqaahiy  of  the  curvorure  of  the  cornea  is  ibenttf  < 
pensalcd,  ami  only  a  part  of  it  alTccts  the  rays  of  hghL  The  emmetropic  eye  Jtasa  vtrjt 
degree  of  (his  inequality  (normal  nMigmiitsm).  If  two  vcr^*  fine  tines  of  equal  ihicVnna  bcdnwi 
on  white  pa)>er,  su  as  to  intersect  each  other  at  right  angles,  it  will  be  found  that,  to  order  toterifae 
horitontal  line  quite  shnrply,  Ihr  paper  must  be  l»rought  slightly  nearer  lo  the  eye  thao  «lm  tt 
focus  the  vertical  line.  When  the  inequality  of  curvature  of  the  meridiAn  is  consideraUe,  of  oou« 
exact  vision  is  no  longer  pouible. 

[Fig.  542  sboH-s  the  effect  of  an  astigmalic  surface  on  the  rays  of  light     l.et  a  h  t  d\x  aid  ft 
surface,  and  ifupjxisc  diverpng  rays  to   [voceed  from  yi     Tltc   rayt  passing  through  c  •/Cdoc  to 4. 


Fig.  543. 
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Action  of  ui  aatlgmatlc  tur&ce  on  &  cone  of  llfhl  (^r«r/). 
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focus  at  /j,  while  those  passing  through  the  vertical  meridian  are  focused  at  f\.     The  ontftnc  of  I 

cone  of  rays  between  abed  and  /,  varies,  as  shown  in  the  Kgure.     At  a  certain  pvt  il  ii  «•_ . 

with  its  axis  vertical,  at  another  the  long  axis  of  the  oval  is  horizontal^  while  at  outer  (dacni  il 

circular,  or  the  rays  are  focused  in  a  horizontal  or  vertical  line.] 

Correction. — Thi!>  condition  is  corrected  by  a  cylindrical  lens,  1.  t.„  a  lens  m  nd  aifft  W 

without  curvature  in  one  dhrction,  while  in  the  other  direction  (venical  to  the  former)  iiiseanvl 
The  lens  is  placed  in  front  of  the  eye,  mi  that  the  direction  of  its  curvalttrc  ooiA> 
ddes  with  the  direction  of  least  curvature  of  the  eye  1  r-.  fjdmk^tt^  K^tff, 
DoHiieri).  The  senion  il  a  b  <  i/of  the  cylindrical  lens  \Vi^.  543)  tejcaeflbi 
plano-convex,  the  section  C  a  \i  y  tS.  a  concavo-convex  lens, 

[Teat, — Draw  two  lines  of  equal  thickness  at  right  angles  to  each  othir.  Aa 
ft'^tigmatic  person  cannot  see  l>olh  lines  with  equal  distinctness  at  the  tanictiM, 
one  tine  will  appear  thicker  than  the  other.  <Jr,  a  series  of  lines  raifialtaf  fee* 
a  centre  may  l>e  used  (aatigmatic  clock)  when  thot  line  which  ii  panAd  It 
the  oMigmalic  meridian  will  be  .icen  most  disrinctly :  while,  with  tbe  mtial 
meridian  nw-t  curved,  it  would  be  ilic  vertical  line.] 

/  Irregular  AatigmatisTn. — Owing  to  ihr  r^diite  Arrangement  of  the  fifcrWB 
the  interior  of  the  crystalline  tens,  and  in  consequence  of  tbe  uneqaal  awie 
of  tlie  tibrcs  within  the  different  parts  of  one  and  tkt  tame  muritiuin  of  tW  km. 
the  rays  of  light  passing  through  one  meridian  of  the  lens  cannot  sU  be  fanM|li 
to  one  focus.  Mence,  we  do  not  obtain  a  distinct  sharp  image  of  diMatf 
luminous  points,  such  u  stars  or  street  lamps,  bat  we  see  a  radiate  jaegeJ  ftfvn 
provided  with  rays.  The  same  obtains  on  holding  a  piece  of  cardbuanl  aiik 
a  small  hole  in  it  toward  the  light,  at  a  distance  m»m  the  eye  slight^  gnMr 
than  the  fal^  point.  Stiglit  degree^  of  this  irregular  nsti|£inaiism  arc  norultUc 
when  it  is  highly  devclojM*d  it  grcntly  inlerfi.'res  with  virion,  by  forming  mm' 
foci  of  an  object  instead  of  one  |  Polyopia  moDocularis).  Of  counc  lMt< 
dition  coiunt  ot>lain  in  an  eye  devoid  of  a  lens.  '^ 

392.  IRIS. — Functions. —  i.  The  fr is  acts  like  a  diaphragm  in  an 
apparatus  by  cutting  off  the  marginal  rays,  which,  if  ihey  eniorcil  ihc  eye, 
cause  spherical alierrotion,  and  thus  prtxitice  indistinct  vision  (Fig.  S3O. 

a.   As  the   pupil  conlracis  strongly  in  a  bright  light,  and  dilates  when  the  lig 
is  feeble,  it  regulates  the  amount  of  light  entering  tbc  eye  j  thus,  fewer 
enter  the  eye  when  the  light  is  strong  than  when  it  is  feeble. 

3.  To  a  certain  extent  it  supports  the  action  of  the  ciliary  muscle. 
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Muscles  and  Nerves. — The  iris  is  usually  described  as  being  provided  with\ 
two  sets  fff  muscuiar  fibres — the  sphincter,  which  immediately  surrounds  the  pupil 
and  is  supplied  by  the  oculomoiorms  (§  345,  2),  and  the  dilator  pupillg  (p.  786J,  * 
supplied  chiefly  by  the  cervical  sympathetic  (§  356,  A,  1),  and  the  trigeminus 
(§  347,  3).     Both  muscles  stand  in  an  an/agonistu  relation  to  each  other  (§  345), 
I  the  pupil  dilates  moderately  after  section  or  paralysis  of  the  oculomotorius,  owing 
j  to  the  contraction  of  the  dilator  fibres  which  are  supplied  by  the  cervical  sym- 
I  pathetic;    conversely,   the  pupil  contracts  when  the   sympathetic  is  divided   or 
'  extirpated  {Peiii,    1727).      When    both    nerves    are  stimulated   simultaneously, 
I  the  pupil  contracts,  so  that  the  excitability  of  the  oculomotorius  overcomes  the 
I  sympathetic. 

I\1l\ic  existence  of  a  dilator  pupillse    muscle   is  not  universa.IIy  recognized,  and  in  fact  some 
obsenrers  doubt  its  exigence.  The  muscular  imlure  oF  Uie  radial  fibres  in  the  posterior  ttmititig  mnm- 
brane  of  the  iris  is  denied  by  Grilnhs^en,  while  Kr^anei  regards  chese  as  in  no  case  muscular,  and 
I  the  dilaling  fibres  as  represented  by  fibres  radiating  Irom  ihe  iris.     These  fibres  are  well  developed 

Iia  birds  and  the  otter,  exi'it  in  traces  in  ihc  TaHhit,  and  are  nbseiil  in  man.  Gaskell  points  0!it  that  in 
this  case  the  si/e  of  the  piipil  must  in  part  depend  on  the  elasticity  of  the  radial  fibres  of  the  iris,  while 
the  dilator  nerve  fibres  must  net  on  the  sphincter  fibres,  cauMng  them  to  relax.  Gaskell  groups  the 
\  robincter  of  the  iris  with  those  muscles  "  supplied  by  two  nerves  of  opposite  character,  the  one  motor, 
'  the  other  inhibitory."  The  dilatation  of  the  pupil  caused  by  iitimulation  of  the  cctvicnl  symjulhctic 
is  usually  explained  by  the  hypothesis  that  this  nerve  contains  motor  fibres,  which  act  on  the  dilator 
fibres.  Grilnhogen  thought  thai  it  might  be  dncchieHy  to  the  constriction  of  the  blood  vessels  of  the 
iris ;  Gaskell  suggests  that  the  nerve  acts  on  the  sphincter  muscle,  and  Is  the  inhibitory  nerve  of  that 
muscle,  dilatation  taking  place  because  the  sphincter  is  normally  in  a  condition  of  tonic  ccnlraction, 
and  also  because  the  |K>stcnor  limiting  meiubrane  is  elastic,^ 

Nerves. — Amstein  and  A.  Meyer  tiave  studied  the  mode  of  termination  of  the  ner^'e  fibres  in  the 
iris.  All  Ihe  mcduUated  nerve  fibres  lose  their  white  sheaths  after  a  time ;  most  of  the  fibres  [molor) 
in  the  region  of  the  sphincter  consist  of  naked  bundles  of  fibrils.  A  network  of  very  delicate  tentory 
nerves  lies  under  the  anterior  epithelhim.  Numerous  fibiils  posstothecapillarics  and  arteries  as  tvuo- 
m^cr  ntrvft.  [Many  ganglionic  cell^  are  intercalated  in  the  course  of  the  fibres.] 
Movements  of  the  iris  occur  under  the  following  conditions: — • 

I-  Action  of  liyht  on  the  retina  cause-t  Ucconling  to  its  intensity  and  amount)  a  correspondinj* 
contraction  of  the  pupil ;  the  same  effect  is  produced  \rf  stimiUalion  of  the  optic  nen<t  itself  {^lltrbtrt 
,  Mtiro,  \  1852K    'I'liis  niovcmcni  is  a  reflex  act  [the  ryyVr^w/ nerve  being  the  optic  and  the  fffereni\\i^ 
oculomotorius ;  the  impulse  is  transferred  from  llie  former  to  the  latter  in  a  centre  situated  somewhere 
below  t  he  corpora  quadrigcmina^>lg.  544,  C)].     The  older  observers  locate  the  centre  in  the  corpora 
quadrigcmina,  Ihe  recent  observers    in  the  medulla  oblongata  (p.  71I ).      ^a/J  pupils  always  react, 
alihough  only  one  retina  be  stimulated ;  generally  utuler  normal  circumslances  both  contract  to  the 
>  same  extent  yDonJeri)^  owing  to  intercentral  communicalion  [coupling]  of  the  two  pupil  I  o-cuusi  act- 
ing centres.     [This  is  called  consensual  contnclion  of  the  pupil.]      After  section  of  the  optic  nerve 
I  the  pupil  dilates,  and  subsetjueut  section  of  the  oculomotorius  no  longer  produces  any  funher  dilata- 
tion (A  «*'//). 

2.  The  centre  for  the  dilator  fibres  of  the  pupil  fpupillo-dilaiing  centre)  is  excited  W  ^ytf  • 

I  n<i-rV  htiTOil  (J  367,  8).      If  the  dyspiiiL-a  ullimoicly  pisses  into  aayhvxia.  the  dilatation  of  the  pupil 

■  diminishes.     Of  course,  if  the  perij>heral  dilating  fibres  {|  347,3)  ['■^■lihc  sympathetic  nerve  intne 

neck]  Ixr  previously  divided,  this  etft-ct  caiinut  take  place,  as  the  dyspncdc  blood  acts  on  the  centre 

j  and  not  on  the  nerve  fibres. 

'  3.  The  centre,  as  well  ns  the  subordinate  "  cilio-gpinal  region."  of  the  spinal  cord  (|  362,  l)» 
\  is  also  capable  of  being  excited  reflexty ;  painful  ^^tiniulationot  sensory  nerves,  in  addition  to  causing 
I  protrusion  of  the  eyeballs  [g  347),  a  fact  proved  io  the  cose  of  persotis  subjected  to  torture. produces 
,  dilatation  of  the  pupils  {^Arndl.  Bernard^  iVestf-ftott  Luchiinger) ;  whilea  similar  effect  is  caused  by 
I  labfir  pains,  a  loud  call  in  the  car,  stimulaiion  nf  the  nerve*  of  the  sexual  orgnns.  and  even  by  slight 
I  tactile  impressions  (/yd  and Sihi^).  According  to  Bechicrew,  the  foregoing  results  are  due  to  ioni- 
,  bition  of  the  light  reflex  in  the  sense  expres.'icd  in  \  361,  3, 

4.  The  condition  of  the  blood  vesseU  of  the  iris  influences  the  size  of  the  pupil;  all  conditions 
causing  injection  or  congestion  nf  these  vcs.*iels contract  the  pupil,  all  conditions  diminishing  them  dilate 
it.  The  puptt,  therefore,  is  contracted  by  foried  expiration,  which  prevents  the  return  of  venous 
blood  from  the  head,  momcniarily  by  c\zxy  pulsel^itty  owing  to  the  diastolic  filling  uf  the  atienes; 
diminutinH  of  the  ifUraoeu/ar pressure,  e.  ^.,  after  puncture  of  the  anterior  chamlwr.  liecause,  owing 
to  the  diminished  intraocular  pressure,  there  i^  less  resistance  to  the  passage  of  bloud  into  the  blood 
vessels  of  the  iris  {fh$tsen  and  VolikersS  \  paraU-sis  of  the  vasomotor  fibres  of  the  iris  {\  347,  2). 
Conversely,  (he  jnipil  i^  dilated  by  conditions  the  reverse  of  those  already  mentioned,  and  also  by 
ttr«ng  musmior  exertion,,  whereby  tilood  flows  freely  into  the  dilated  muscular  blood  vessels ;  atso,when 
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(lenth  lakes  place.     The  condUtOD  or  the  filing  of  Uic  blood  vessels  also  explaioi  the  fact  ihai  tht 
pupil  dilnlc^l  with  ntropin  becomes   smaller  when  a  port  of  the  sympaiheiic  in  the  upper  cemcd^l 
^ant^lion.  oarniii);  the  va'oiiK^tur  Mnes  of  the  iris,  is  excised ;  also,  that  after  exlir|i(Uk}n  of  this  gan-  ' 
RJion,  lUropin  always  caascs  a  Ics*  diminulion  of  the  pupil  on  this  side.     The  fact  that  wbeo  ibe  papa]  ! 
IS  already  dilated  by  stimulation  of  the  sympatheiic,  it  i>  further  dilated  by  atropin,  i&  due  lu  a  dimtn-  I 
islied  itijcclion  of  the  blocd  vcs.sela  of  the  ins.     If  an  animal  with  its  [wpiU  dilated  with  airo^m  be 
rapidly  bled,  the  pupilt;  coniracl,  owing  lo  ihe  an^vinic  stimulation  of  the  origin  of  ihe  oculomolonas 
iJ/ifri^ia).     The  uilatnlioii  of  the  pupils  ubser\'ed  in  cases  of  neuralgia  of  the  Injjemtnus,  it  pcrtlf  < 
due  to  the  Mimulaiion  of  ilie  dilating  fibres,  partly  (0  the  stinmlatioo  of  the  rasoinotor  fihres  of  the 
irii  ({  347.  2)- 

$.  Coq^r^ ctiot\  of  the  papil  occurs  as  an  associated  movement,  during  accomtHadmium  for  1 
near  object  (p.  802,  5),  and  when  \hz  eyebtiili  are  r^fnted  in awf-«/,  which  is  the  case  during  <Z(t/ 
tP-7J5)-  Conversely,  intense  movemenu  of  the  iris,  cauied  by  variations  in  the  brightness  of  dai- 
iline  illuininntinn,  t.  j*.,  of  the  electric  Hght,  are  followed  by  disturbing  a&sodaicd  movements 
of  the  ciliary  muscle  {/./ufnusity).  In  certain  moronents  disdiargcd  from  the  medulla  obloo^a 
(farced  rvK^iaration,  chewing,  swallowing,  vomiiii^),  diUtalion  of  the  pupil  occvn,  a»  a  land  of 

[Argyll  Robertaon  Puptl.— In  this  condition  (be  pupil  docs  not  cooiract  to  l^t,  ahboagh  ir 
conlr8ct>  when  the  eye  is  accommodated  for  a  near  object,  vision  nsnally  being  DonnaL     The  lesicMi 

ts  situated  io  those  structures  coanectiog  the  aSercot 
and  cirercnt  fibres  at  thcirccnlral  ends  jat  ^  in  Fig.  $44}, 
■'.  /..  the  connectioa  between  the  corpora  quadr^emma 
and  the  ocnlumotorius.  It  is  most  &«qncsiCiy  fanndia 
locomotor  ataxia,  although  H  also  occurs  in  progrcaam 
paralysis  of  the  insane.  ] 

Direct  •itimalatioo  at  the  tnarf^  of  the  cornea  curses 
dilatation  of  the  pupil  (f./f.  ff  >A/f )  ;  m  fact,  dsea 
)4imBtatioD  of'circumscnbed  anx&of  the  urargm  of  the 
iris  causes  partial  contrmctton  of  the  dilator  6bm 
{Sermttin  <nutD^^i).  Sumalatioa  near  the  centn 
of  the  cornea  contracts  the  pupil  {£.  H.  H'g^fr).  la 
addition,  we  most  a&sume  that  the  iris  itself  '^'*'*-^^ 
elements  that  inHuence  the  diameter  of  the  pofal  {Stg. 
Atayrr  »ntt  Ptitrmm ). 

Ov  knowledge  of  the  action  of  poisoca  oa  ihr 
iris  is  stilt  very  ofaacare  Tho»e  aubdaaces  wkichdilatc 
the  pupil  ate  called  mydiia^iCt,  e.g^  atropio,  hcna- 
tropin,  dnboisin,  datmm^BnEyoacyaauiL  Thcf  aei 
chicAr  by  pandynng  theocakmolsnas.  Boc,  ia  adA- 
lion,  tbnc  mosi  be  also  an  cffea  vpoa  the  dOataag 
&bre<,  for  after  oooiptece  paralyw  (icctiDn^  «f  ibe  oea- 
ki«otaric»,the— wrferwtoiliislartnn  of  thep^al  Ibcrebf 
pradncedtl  345, 5)  is  rtfll  fmahcr  incncaaad  by  aini^a. 
MmimMi  iatts  of  atrapn  conttin  the  papil,  oviag  |» 
atiomlaiaoo  of  the  popdlo-cansGiktor  fitvcs;  <Tm\%rmwm 
doses  caaae  undenle  dilsiiainw  of  dhe  piapal  lO  coa- 
scqocnce  of  panlysis  of  the  ^bdng  as  wHl  as  of  ihr 
cosHcricttng  nerve  fihR^  Atnpin  ads  after  deanc 
tMo  of  the  dii»T  rophihalBsc]  gaa^Boa  (ifacMH  «W 
i-iitktr%\  [mkI  tfinsMB  of  all  Ifae  acrva  eaecpc  tW 
opbejf  SM  ia  the  eadsed  eye  (/V  9agittr\.  tan  iWi 
atiopsB  is  a  local  mydrialic.  la  aodoae  fkiHv  ii 
paraltas  the  nerrotH  IcrminalioBS  of  iIk  3d  nerve  (laa  not  ia  hMs  vtecac  vis  OMCass  ab^ed 
■Mscie),«dm  l»e»  ^°*«*  *  **»  jMnlyio  i^  iinralsf  ftces).  [rocafawr.or  rnrwub  iih^isi  I 
fc»  Ibe  laves  of  EiTthrovyka  coca.  Wbca  anibed  looaily  it  ads  as  a  pcwerfU  local  aaBafciiii. 
andtifBCe  k  is  veiy  asefal  far  operations  aba«i  Um  maoa-cntaaeoB  ovilaca.  A  4  per  eeniL  1 
4Nfpcd  IBM  the  «j«  pKxtaccs  oaapicse  iaaeasttO^  ^  the  eonea  ia  a  Cr«  asaaao.     It  i 

atfteaerthc  pafils,tkM(h  tbey  reaa  10  Bghl  and  lojdie  ■niwiw^of  ■ ■■ml  11   11      In 

raaw  1  tcm^arwrf  parah^s  of  ■i^iiaMiifiiiirtnn,  a  11  aiMiis  of  heavsaev  aad  rnhttw  of  1W4 
o4''the  p^pebcal  taaave.  cuaHrJciaw  af  the  i 
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motor  fibrrs.  J^Among  local  myotics.  /.  r.  those  which  set  on  the  ejre,  some  «ct  on  the  muscular 
fibres  of  the  ins,  e.  ^.,  yhyxyf-vgrnin  or  etorin,  while  others  act  on  the  peripheral  terminaiiona  of  the 
3d  nerve,  r.f.,  pilocarpin,  muMurin.  Mu^ciinn  causfs  very  great  contraction  of  the  pupil  from  spasm 
of  the  circutor  fibred,  ijue  to  il«  action  on  the  td  ner^e;  esoin,  on  the  other  hand,  althougli  cotitract- 
ing  the  pupil,  also  bHccIs  the  dilator  libres.  The  contraction  of  the  pupil  due  to  opium  \i  central  in 
ita  cause.] 

if  the  one  papit  be  contracted  or  dilated  by  these  sulMtances,  the  other  pupil,  conversely,  is  dilated 
or  contracted,  owing  to  the  change  in  the  amount  of  light  admiued  iaio  the  eye  into  which  the  poison 
has  been  introduced.  The  aiuesthetics  (ether,  chlorufonn,  nlcohol,  etc.),  when  (hey  Itegin  to  cause 
stupor,  contract  the  pupil,  and  when  their  aaion  is  intense  they  dilate  it  (Z>t^rr>/).  Chloroform  dur- 
ing the  stage  when  it  camcs  eiciietnrnt  (preceding  tlie  luircosih),  Ktimulmes  the  centre  for  the  dilata- 
tion of  the  pupil ;  after  a  lime  this  centre  \s  paralyzed,  so  that  the  pupil  no  longer  dilates  on  the 
application  of  external  stimuli.  'Iliereafter  the  puplllo  cootlrictor  centre  is  uimutatcd,  whereby  the 
pupil  may  be  contracted  to  ihc  si/c  of  apin'ii  head  ;  ultimately  this  centre  is  paralyzed,  and  the  pupil 
becomes  dilated. 

Time  for  Movements  of  Iris. — The  reflex  dilatation  of  the  pupil  occurx  slightly  later  than  the 
rcilcx  cotilractiun,  the  lime  in  the  two  cnies  Iwing  0.5  and  0.3  second  respectively,  after  stimulation 
by  light  {v.  l'iH/j(Aj;au).  A  certain  tirvf  always  elapMs.  until  the  itis,  corresponding  to  the  strength 
of  the  stimulus  of  light  exciting  the  retina,  "  adapts"  ilKlf  to  produce  a  Miitablc  si/e  of  the  pupil 
{jiuirri).  C-ontractKHi  of  Uie  pupil  occurs  very  rapidly  after  stimulation  of  the  uculomutorius  in 
birds ;  in  rabbits  0.S9  second  elap^ics  after  itimulaiion  of  the  tympoihelic,  nntil  the  dilaintJon  begins 

Excised  Eye. — I-">ght  cautes  contraction  of  the  pu|j»l  in  the  exciuii  eye  of  amphibians  atid  ftshrs 
{Arnoia).     Kven  the  iiis  of  the  eel,  when  cut  out  and  placed  in  twrroal  saline  solution,  contracts  lo 
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Gorham't  pupil  phote«n«ler.      Fig.  S45  »how»  the  di«V  wlili  »  ilot  *n.J  two  hglc*.     Fig,  5^6  glv««  •  ftUh  view  with  the 
diuneter  of  the  pupil  nurkcd  on  It.    The  upper  end  u  doted  tiy  the  dtik.  while  ine  lower  end  b  opett. 

light  {Amcid),  tlie  green  and  blue  rays  being  moat  active,  fntreast  v/  iht  temptralure  caaies 
mydriasis  in  the  excised  eye  of  the  frog  or  eel,  while  cooling  cau*c*  myosis  {^H.  Afs/lfr). 

[Size  of  the  Pupil. — Jonathan  lIuichin«on  recommends  a  pupilometer.  consisting  of  a  metal 
plate  perffirateil  with  a  series  uf  holes  of  different  sizes.  The  smallest  hole  measures  about  }A  of 
aline,  and  the  largr«>t  is  4 '7  linn.  The  plate  i*.  placcil  just  below  the  patient's  eye,  and  the  hole  b 
selecled  which  c<)rn-s[iund>i  with  the  »i£C  of  the  [mpil] 

[Gorham's  Pupil  Photometer.— This  ingenious  instrument  may  be  used  asa  pupilometer,  and 
also  Bft  a  photometer.  It  consists  of  a  piece  of  bronzed  tubing  i  .9  in.  long  and  i .  $  in.  diameta 
(Figs.  54$  and  546).  Otke  end  is  closed  by  a  disk  or  cap,  which  t«  pierced  in  its  radii  by  a  series  of 
holes  at  distances  varying  from  .05  in.  to  .28  in.  There  is  a  slM  in  the  cap  which  allows  one  |tair 
of  boles  to  be  visible  ai  a  time,  while  on  the  cylinder  is  engraved  the  linear  di.4ancc  of  each  pair  of 
holei.  In  using  the  instnin>ent  as  a  pupilometer,  took  through  the  open  end  of  the  tube  ^ihe  bot- 
tom in  Ktg.  546),  with  twlh  eyes  ojien,  toward  a  sheet  of  while  paper  or  the  ^ky,  when  two  disks  of 
lil^ht  will  M  seen.  Then  revolve  the  lid  or  cap  \lowIy  until  the  two  white  disk^/Hc/  touch  vnt 
anctkrr  af  tkfir  fiiffft.  The  decimal  fraaion  opp'iMte  the  two  a)>ertures  seen  on  the  icalc  outride 
indicates  the  diameter  of  the  pupil  in  tooths  of  an  inch.  When  uwng  it  as  a  fihotemfter^  il  ts 
assumed  thni  the  size  of  the  pupil  gives  on  index  of  the  intensity  of  the  anwunt  of  light  which  inllu* 
cnces  the  diameter  of  llie  pupil.] 

Intraocular  Pressure  —llie  morrments  of  the  Iris  are  always  accompanied  by  variations  of  the 
iniraiKular  ptc^sur^:.  The  muscles  of  tlic  iri*  affect  Ihc  Intraocular  prcs^ore,  in  that  the  dilatation  of 
the  pupil  increase*  il,  while  contraction  nf  thr  ptipil  diminishes  i(.  The  incrr&vtl  ur  diminishetl 
tension  can  be  felt  when  two  lingers  are  pres»ed  on  the  eyeball.  Stimulation  of  the  sympathetic 
increases,  while  itsscann  diraini^he*  the  prenure.     Action  of  Drugs. — Atropin  dro|)ped  ioio  the 
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eye,  after  prodocing  a  short  leropomry  diminatioa  of  the  tendon,  Increues  it ;  e9criii«  tAcr  a  pimnf  * 
increase,  causes  a  iJiiiiimilinn  of  the  pressure  ( Graser  and  //SUie). 

393,  ENTOPTICAL  PHENOMENA.— Entoptical  phcnomcDa  ilt- 
pend  upon  the  perception  of  objects  present  wilhin  the  eyeball  itself. 

I.  Shadows  nre  rortned  upon  ihcrctinihydilTcrcnlopa^nc bodies.  InordcrtascciherainoncKm 
ejrc,  proceed  lliu»:  My  means  of  a  stronj;  convex  lens  project  a  small  image  of  a  fbtne  upon  1  papit 
screea,  prick  n  »in&ll  opening  llirougli  iKe  image  of  the  floine,  and  place  one  eye  at  the  Other  1^  of 
the  screen,  so  that  the  illnnunaited  ^tunctare  lies  in  the  anterior  focus  of  the  eye,  / .  t.,  about  13  b& 
io  front  of  the  corneu.  At  the  rays  proceeding  from  this  point  pass  [larallct  through  the  mnltt  of 
the  eye,  a  diffuse  bright  field  of  vidian,  surrounded  by  the  black  margins  of  the  iris,  ii  ohtanicd.  All 
dark  bodies  which  lie  in  the  course  of  the  rays  of  light  throw  a  shadow  upon  the  retiiu,  ind  tppOK 
as  specks.     There  are  various  forms  of  these  litindows  {Fig.  547) : — 

(a)  The  spectrum  mucro-Ucrimale,  especially  upon  the  tnargin  of  the  ryelids,  de^codii( 
Dpon  particles  of  mucus,  fat  globules  from  the  Meibomian  gland*.,  dust  miied  with  tears,  aamt^ 
cloudy  or  drop-like  relinnl  shadows,  which  are  removed  by  winking. 

(b)  Folda  in  the  coraea. —  If  the  cornea  be  preued  laterally  with  the  finger,  wrinkled  shad***, 
due  to  lcmix)rary  wrinkles  in  the  cornea,  are  ptrxiuccd. 

(c)  Lens  shadows. — Ucad-liUe  or  dark  specks,  bright  and  star-like  5gurcs,the  fonnci  die  la 
deposits  on  and  in  the  tens,  the  laller  tu  the  radiate  structure  of  the  lens. 

{d)  yuacay  voljtaiites  {DethaUs,  1690),  like  sirin^«  of  heads,  circles,  gtoaps  of  Imtbor  f«fe 
stripes,  de|iend  upon  Uf>ai|ue  particles  ^cells,  disintegrating  celJt,  granular  fibres)  in  the  vtutdui 
humor.  'Iliey  move  atx>ut  when  the  eye  is  moved  rapidly,  Usiing  ( 1845)  showed  that  one  tan 
determine  pretty  accurately  the  position  of  these  object^i.  While  making  the  obaenratioo  npoo  oMk 
own  eyes*  raise  or  depre^<^  the  source  of  light ;  those  shadows  which  are  caused  by  bodies  en  a  Ictd 
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with  ihe  pupil  retain  their  relative  pOfiilions  in  the  Inight  fields  of  vision.     Shatlows  which  afifntf  | 
move  in  the  same  direction  as  the  source  of  light  are  caused  by  bodiei  which  lie  in  /n>mtt^  * 
plane  of  the  pupil— those,  however,  which  appear  to  move  in  the  opposite  direction  depend 
otijccts  behind  the  plane  of  the  jiupil. 

3.  Purkinje's  fiifure  (1819)  depends  upon  the  blood  vessels  within  the  retina,  whidtCM 
a  shadow  upon  the  most  external  layer  of  the  retina,  viz.,  ujion  the  rods  and  cones,  thee  beiiif  the 
part.s  acted  u[ion  by  light.  In  ordinary  virion  we  do  not  observe  these  shadows.  According  to  t. 
I  Iclmholiz,  this  is  due  to  the  fact  that  the  sensibility  of  the  shaded  paru  of  the  retina  is  greater,  and 
their  exciiahiliiy  ls  less  exhausted,  than  nil  the  other  parts  of  the  retina.  As  sooii,  however,  as  «e 
change  the  position  of  the  shadow  of  the  blood  vev^els,  innlead  of  being  directly  bchmd,  90  lliat  iW 
blood  vessels  come  to  lie  more  laUrat/y  and  behind  them,  i.  ^.,upon  places  which  do  not  recti*r 
shadows  from  the  blood  viHsets  when  the  r;iys  of  light  pass  through  ihe  eye  io  the  ordinary  way, 
then  the  figure  of  the  bloixl  veuicb  becomes  apparent  at  once.  All  that  is  necessary  is  to  cnoe  ue 
light  to  enter  the  eyeball  obliquely.  Method. — (l)  litis  may  be  done  by  paasii^;  an  tnlcftK  1>^ 
through  the  sclerotic,  e.  ^'.,  l>y  throwing  upon  the  sclerotic  n  small,  bright,  )uminou>  imi^  froa  a 
source  of  light.  On  moving  the  source  of  light,  the  figure  of  the  blo^Kl  vesteli  moves  in  Uwi 
direction.  (2)  look  directly  upward  to  the  sky,  wink  wiih  the  ujipcr  eyelid  droofang,  ao  i 
moment,  corresponding  to  the  act  of  winking,  rays  of  light  enter  ohliquely  the  lowcsl  \ 
puftiU.  (3)  [.uok  through  a  small  aperture  toward  a  bright  sky,  and  move  the  apenuit  1 
and  fro,  m  that  ftom  l»th  sides  of  lite  blood  vt-sseU  shadows  fall  rapidly  npon  the  nearest  1 
rods  and  cones.  (4)  In  a  darkened  toom  look  straight  ahead,  and  move  a  light  to  and  fro  < 
under  the  eyes.  Occasionally,  while  pcrfonning  thi'»  cxf^riuicnt,  one  may  see  the  macula  lutca  la  • 
non-vascular  slioded  depression,  and,  owing  to  the  inversion  of  the  objects,  it  lies  on  the  rn 
of  the  entrance  of  the  optic  nerve. 
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3,  Movements  of  the  blood  corpuBcles  in  the  retinal  capillaries. — On  looking,  wilhout 
accommodating  tbc  eye,  toward  u  large  bright  surface,  or  lhrou£li  a  dark  blue  glass  toward  the  sun, 
we  sec  bright  SfKits,  Uke  puints,  ibimin};  longer  or  shorter  chaiiib,  moving  in  tortuous  paths.  The 
phenomenon  is,  perhAps,  caused  by  the  rod  blood  corpuscle* (In  the  capillaries  posterior  to  ihc  exter- 
nal granular  liver)  acting,  as  small  liglii  collecting  concave  dinks,  concenlrating  the  light  falling  ujxin 
them  fiom  bright  surfaces,  and  throuing  it  ujxin  ibe  rods  of  ihe  retina.  Koch  corpuscle  must  l>c  in 
a  special  position  ;  should  it  route,  the  phenomenon  disappears.  Vierordt,  wlio  projected  the  move- 
ment  upon  a  screen,  calculated,  from  the  velocity  of  their  motion,  the  velocity  of  the  blood  stream  in 
the  retinal  capillaries  as  equal  to  0.5  to  0.75  mm.  in  a  second,  which  corresponds  very  cUwwIy  with 
the  resultti  obtained  directly  in  other  capillaries  by  K.  il.  Weber  and  Volkmann  (Q  90,  4).  When 
the  carotids  arc  compressed,  the  movement  i^  slower  on  freeing  Ihem  from  the  compression ;  during 
short  forced  expirations  the  movement  is  accelerated  (  Landois). 

4.  The  entoptical  pulse  { ^  79,  2)  depends  upon  the  puUaling  arteries  irritating  mechanically  the 
frods  King  oumiile  ilicni. 

I  5.  PresBure  Phosphenes. — Pressure  applied  tn  the  eye  causes  a  series  of  phenomena:  (a)  I*ar- 
Mat  pressure  upon  the  eyeball  causes  the  so-called  illuminated  "  pressure  picture ''  or  phoiphenr,  which 
^ras  known  to  .\ristotlc.  M  the  impression  upon  the  retina  is  referred  to  something  oul»i<ie  the  eye, 
the  phosphene  is  always  perceived  on  the  aide  of  the  field  of  vision  opp&itU  to  where  the  pressure 
aflccts  the  retina,  e.  g.,  pressure  upon  the  au/er  surface  of  the  eyeball  causes  the  flash  of  light  to 
appear  on  the  inner  side.  If  the  relina  is  not  well  lighted,  the  phosphcne  appears  luminous ;  if  the 
rcttru  is  well  lighted,  it  appears  as  a  dark  speck,  within  which  the  visual  perception  is  munKiiiarily 
abolished.  (/•)  If  a  uniform  pressure  be  applied  lu  the  eyeball  continuously  from  licfore  backward, 
as  I'urkinje  pointed  out,  after  some  time  there  appear  in  the  Beld  of  vision  ver)-  sparkling  variable 
figures,  which  perform  a  wonderful  fantastic  play,  and  ofieu  resemble  the  sparkling  effects  obtained 
in  a  kaleidoscope  {v.  Htlmkoltt),  and  are  probably  comparable  to  the  feeling  of  formication  produced 
by  pressure  upon  aensory  nerves  ("  sleeping  of  the  limbs  ").  {c)  By  applying  etjuable  and  continued 
pressure,  Sleinboch  and  Purkinje  observed  a  network  with  inijving  conicnis  of  a  hlui*h-silvcry  color, 
which  icemed  to  coaespond  to  the  retinal  veins.  Vicrordt  and  I.aiblin  observed  the  branching  of 
ibc  blood  vessels  of  the  ehoraid  fij.  a  red  network  upon  a  black  ground.-  {if)  According  to  Houdin, 
pre  may  delect  the  position  of  the  yellow  spoi  by  prrssurc  upon  the  eyeball. 

1  C.  The  entrance  of  the  optic  nerve  may  be  detected  on  moving  the  eye  rapidly  backward,  and 
■specially  inward,  as  a  fiery  ring  or  semicircle  about  the  size  of  a  pea.  rrolmbly.  owing  to  the 
wovemeni  of  the  retini,  the  entrance  of  the  optic  nerve  is  stimulated  mechanically  by  the  rapid 
bending.  I'urkinje  and  others  observed  that  the  ring  remained  peniislent  on  turning  the  eye  strongly 
inward.  If  the  retina  tie  brightly  illuminated,  the  ring  appears  dark,  an<j  when  the  Held  of  vision  is 
colored,  the  ring  has  a  dilTcreni  tint.  If  Purkinjc's  figure  be  produced  at  the  same  lime,  one  may 
observe  thai  tlie  vasctdar  trunk  proceed*  from  this  ring — a  proof  (hat  the  ring  curresponds  lo  the 
entrance  of  the  optic  ner%"e  {Lantiois). 

I  7.  Accommodation  Spot. — f)n  accommodating  the  eye  strongly  toward  a  while  surface,  there 
'appears  in  the  middle  a  small,  bright,  trembling  shimmer,  and  in  its  centre  a  coarse  brown  speck, 
about  the  size  of  a  pea,  is  seen  iPiirkinje).  If  pressure  be  applied  externally  tn  ihe  eyeball,  this 
speck  becomes  more  distinct.  After  having  once  observed  the  phenomenon,  occasionally  on  pressing 
laterally  upon  (tie  opened  eye  we  may  see  it  a<  a  bright  speck  in  tbc  field  of  vision — another  proof 
that  the  intraocular  pressure  is  Increased  during  accommodation. 

8.  Mechanical  Optical  Stimulation.— On  dividing  the  optic  nerve  in  man,  as  in  extirpation  of 
l|be  eyeball,  a  Hash  of  light  is  observed  at  the  moment  of  section  by  the  person  operated  on.  'Ilie 
leclion  of  the  ncrvt  fibrc?i  themselves  is  painless,  but  section  of  the  slieaUis  is  painful. 

9.  The  accommodation  phosphcne  is  the  occurrence  of  a  tier}'  ring  at  the  periphery  of  the 
Beld  of  vision,  seen  on  suddenly  bringing  the  eyes  to  rest  after  accommcKlatiim  for  a  long  time  in  the 
lark  {Purkinje).     The  sudden  tension  of  the  conule  of  Zinn  resulting  from  the  relaxation  causes  a 

cchanical  stretching  of  the  oulcrtno^t  port  of  the  margin  of  the  retina,  or  it  nmy  be  of  a  part  of  ibe 
itina  behind  this.  I'urkinje  oinerved  the  phenomenon  after  suddenly  relaxing  the  pressure  on  the 
e. 

10.  Electrical  Phenomena. — Klectrical  currents,  when  applied  to  the  eye,  cause  a  strong  flash 
if  light  over  the  whole  ficM  of  vision.     One  pole  of  the  b.ittery  may  l>e  placed  on  the  under  eyelid 

Bnd  the  other  on  the  neck.  The  flash  at  closing  [making]  tbc  current  is  strongest  with  an  ascend* 
in{(  current,  that  with  opening  [breaking]  the  current  witli  a  descending  current.  If  a  uniform  con- 
tinuous aicenJirti;  current  be  transmiitwi  through  the  closed  eyes,  the  dark  disk  of  the  elevation  at 
the  entrance  of  the  optic  nerve  appears  in  a  whitish -z'/W^/  field  of  virion  ;  with  a  lieuemiin!^  cuireni, 
the  field  of  vision  is  reddish  and  dork,  in  which  the  position  of  ibc  optic  nerve  appears  light  blue 
(t/.  Helmholtz).  If  external  colors  arc  looked  at  simuUaneou-.Iy,  these  colors  blend  to  form  a  violet 
or  yellow  with  the  colors  looked  at  {Sfhehke),  During  ihe  j>ft*sage  of  the  ascending  oirrent  we  see 
external  objects  indistinctly  and  jm/iZ/rrwheu  the  eyes  are  o|jcn;  while  with  the  desceniiing  current 
ore  larger  and  more  distinct  {.Ritter).  Sometimes  the  ^losition  of  the  macula  lutca  apj)earsdark 
a  bright  grmuid,  or  the  reverse,  according  lo  the  direction  of  the  current.  If  the  current  be 
[broken]  the  phenomena  are  reversed  (j  335)*  and  the  eye  soon  returns  to  rest.        * 
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II.  The  yellow  spot  oppean  somctimts  lu  ■  dark  circle  when  there  u  m  urufom  Uoal 
lion.  Id  a  strong*  li^ht  [lie  position  of  ihe  yellow  spat  is  surrouoded  by  a  bright  arcm,  twice  flU 
as  large,  called  "  Lowe's  ring."  [Clerk  Maxwell's  Experiment. — On  looking  throofh  a  abla- 
tion of  chrome  alum  in  a  Ixittle  or  vessel  with  parallel  ^la&A  iides,  we  observe  an  oral  piupI'Ui  i^ 
in  the  Rrwnish  color  of  ihr  alum.     This  is  due  to  the  pigment  of  the  yellow  spot.] 

Haidinger'a  Brushes — On  directing  the  eye  toward  a  source  of  polarized  lighi,  "  lUi  i  i^-r  < 
polarized  iirushci "  appear  at  the  point  of  Tixation.  They  arc  Men  un  looking  ihrou^'li 
prism  to.  a.  bright  cloud  ii'.  IJelmhollzS.  They  ore  bright  and  bluish  on  a  sartacr,  liouoti- 
neighboring  hypcrtiola  on  a  white  field :  the  dork  bundle  separating  litem  is  smallea  ia  the  wjit 
and  yellow.  (_)r  ihe  virions  colors  of  homogeneous  light,  blue  alone  4iam  the  hnsbci  (SMr) 
According  to  v.  Helmholtc.  the  seat  of  the  phenoincDon  1$  ihe  yellow  spot,  aad  is  due  to  the  fellov 
colored  clcmeal^  of  the  yellow  «pol  being  slightly  doubly  refractire,  while  at  one  pan  Cbey  atavti 
more,  at  another  less,  of  the  rays  entering  the  eye. 

13.  I  jistly,  there  are  the  vimal  ^easntions  de{>ending  on  internal  causes,  e,  g.,  Jncressnl  iMiit- 
ing  of  the  blood  through  the  retina,  a\  during  vtoTent  coughing,  increased  intrsocslar  pnuvc 
Stimulation  of  the  viiual  areas  {\  37S,  IVj  may  produce  spectra,  which  Cardsnas  (1550), GedW. 
Nicolai.  and  Johannes  Milller  could  produce  roluntarily. 

394.  ILLUMINATION  OF  TH£.£Y£.— OPHTHALMOSCOPE- 

Thc  light  which  enters  the  eye  is  partly  absorbed  by  the  black  uveal  pigtucDl,  ia<i 
partly  again  reflected  from  the  eye,  and  always  in  the  same  direction  in  which  the 
rays  entered  the  eye.  By  placing  one's  self  in  front  of  the  eye  of  another  jersoD. 
of  course,  the  head,  being  an  oi>aque  body,  cuts  off  a  large  number  of  rt)^ 
Owing  to  the  position  of  the  head,  no  rays  of  light  can  enter  the  eye ;  and  01 
course  none  can  be  reflected  back  to  the  eye  of  the  observer.  Hence,  the  c«  ol 
the  person  being  examined  alwa)'s  appears  black,  because  those  rays  which  iHoat 

Fig.  548. 


Arraagcment  (or  cxamla'mc  the  eye  ot  B.    A,  eye  of  obMrver :  x.  source  of  ligtit :  S,  5.  ^lal*  «f  gbM 

Dbliquely.  rcAcclini  light  into  B. 


could  be  reflected  in  the  <lirection  of  the  eye  of  the  oljscr\*er  are  ctil  off".  .\s  soofti 
however,  as  we  succeed  in  causing  rays  of  light  lo  enter  the  eye  at  the  same  tioe 
and  in  the  same  direction  in  which  we  observe  the  eye  of  another  person,  thr 
fundus  of  the  eye  appears  brightly  illuminated. 

Tlie  followingstmple  arrangement  i»  sufficient  for  ihcparposes  ^Fig.  548) :  l>c«  H  I*  the  rfe«t'** 
patient.  A  that  of  the  ol^^fAer,  and  let  a  Hamc  be  placed  st  x.  The  rays  of  light  pn)Cec<6af  Ina 
X  impinge  upon  the  obliquely  placed  phte  0/  gian  ^S,  S),and  are  reflected  in  ihedirectiMiof  At 
dotted  lines  into  the  eye  (B).  The  fundus  of  the  eye  appean*  in  this  position  to  be  bn^Mljr*'^' 
minalcd  in  difTution  circles  around  ^.  As  llie  oliscrver  (A)  can  see  through  the  oUiqiKiy  pbni 
glass  plate  [S,  S).  and  in  the  same  direction  as  the  reflected  ra}-s  {x.,r\.  be  sees  tlie ratH  ava^ 
h  brigiitly'  iliuininnted. 
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In  order  that  this  method  be  made  available  for  pnctical  purposes,  we  must,  of  counte.  be  able  to 
dtstiagui&h  the  details,  .tuch  as  the  bloott  vessels  of  the  fundui  of  the  eye,  the  macula  luiea.  the 
eniraoce  of  the  optic  nerve,  almonnaliticK  of  the  retina,  and  thu  choroidal  pigment,  etc.  The  follow- 
tng  coDsidcnUioiu  show  us  how  to  proceed  in  order  to  acoompUfth  this,     AJ  already  mentioned,  and 

Ftc  549- 


iS, 


■s  Hg.  531  sbowB,  a  sma]I  inverted  image  is  formcsd  on  the  retina  (^^  (/)  when  wc  look  at  an  object 
(A,  B)  ;  conversely,  accordinj;  to  the  same  dioptric  law,  an  enlarged  inverted  real  image  of  a  small 
distinct  area  of  the  retina  {e,  (/—-depending  on  the  distance  for  which  the  eye  was  accommodnle<lJ 
miut  be  formed  outside  the  eye  (A,  3). 

fin.  550. 

^         5.  ^      ' 


If  the  fundus  of  thus  eye  be  sufficiently  illuminated,  this  aerial  image  will  be  correspondingly 
bright. 

In  order  to  see  tbe  individual  parts  of  the  retinal  picture  more  dtsdnctly,  the  observer  must  accom- 
modate his  own  eye  for  the  po&iEion  of  this  image.  In  such  circunutanccs  the  eye  of  the  observer 
would  be  too  near  the  obser\-cd  eye.     ll'a  eye  when  so  accommodated  is  removed  from  the  eye  of 

Fin.  S5»- 
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the  patient  by  his  own  visual  distance,  and  h}-  the  visual  distance  of  the  patient.  As  this  distance 
is  considerable,  the  individual  small  details  of  the  fundus  cannot  he  Mcn  distinctly.  Fanher,  owing 
to  the  ciiniiaction  of  ihe  pupil  of  the  patient,  only  a  small  area  of  the  fundus  can  be  seen,  and  this 
ooly  under  a  snull  visual  angle,  quite  apart  from  the  fict  that  it  is  often  impossible  to  accommodate 
for  the  real  image  of  the  fundus  of  the  patient. 


816 


THE   OPHTHALMOSCOPE. 


Hence,  ihe  eye  of  ihe  observer  r»»i  be  brought  nearer  to  the  eye  of  the  pttieot.  Thn  ourU 
done  in  two  ways:  (I)  Either  by  placing  in  frunt  o(  the  eye  of  (he  paiicni  a  stfottit  etmvtx  itm 
(of  I  to  J  inche  focus — Fig.  549,  C).  Tliis  causes  the  reiiiial  iroagc  lo  tic  iiearvr  tp  the  rye  tult), 
owing  to  the  strong  lens  rcfrftcting  the  ra>s  of  liftlil.  The  olftervcr  (M  )  cun  cume  nearrr  U>  ibr 
eye,  and  can  mHI  accormmodatc  for  the  imBj;«r  of  the  funilus  of  the  eye.  (3)  Or  s  etm*'43i-f  tnu  « 
]>Uced  immediately  in  front  of  the  eye  of  the  piticnt  (Fig.  550,  0).  Tbc  ray»  of  lijihi  emcipn 
from  ihc  eye  of  the  patient  (P)  are  ciihcr  made  parallel  by  ihc  concave  lena  (*),  and«re  UDggiiHo 
n  focnis  on  the  n-tina  of  the  cminelropic  u1<seiver  (A);  or,  if  the  len«  causes  tbc  t«ys  us  dm 
(Fig.  551 ),  an  erect,  vinoQl  image  is  formed  at  a  distance  liebtnd  ibe  eye  of  the  pHlicnt  (at  R). 
these  cases,  alnn,  the  Dliserver  can  go  much  nearer  to  the  eye  of  ibe  patienL 

The  ophthalmoscope   invented  by  v.  Helmholtz  enables  tia  to  examine 
whole  of  the  fundu-s  of  the  eye. 

fpirect  Method. — Use  a  concave  mirror  of  30  centimetres  focal  distance,  with  a  central  t 
Reflect  a  beam  of  light  imo  the  patient's  eye,  where  tbc  rays  cron*  in  the  vitrewus  aiid  illutunurri 
fundus  of  the  eye.  Tbcse  mys  attain  paw  out  of  the  eye  and  reach  the  obaerver'a  eve  thiinijc^t 
central  hole  ii»  the  mirri)r.  If  the  obscjver  be  emmetropic  they  come  to  a  focus  on  his  retina, 
this  way  all  the  pans  of  the  retina  are  seen  in  ihcir  normal  [K>sition,  but  cnlaryeil.     Hence:,it  U  n 


Fio.  552. 
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The  entrance  ot  ili       ,  c  with  ih*  :idjaccii(  parts  i>f 

the  fundut  of  llic  normal  eye.  a.  ring  of  cornccitvc 
tiwiM  ;  h,  ctioruidal  rins ;  <'.  nrleries :  d,  veim  ;  g,  divi- 
ftloa  of  the  central  artery;  A,  clitrfaion  of  the  ccntr^ 
vein ;  L,  lamina  eribrtua ;  /,  temporal  (outer}  lide ;  a, 
nauJ  (iaoct]  tide. 


Mwton'k  OvhihaimoKvpc;. 


times  called  tbe  examination  of  the  upright  image.  The  eye  of  the  patient  aad  observer  nnri  k« 
at  rest,  I.  e.,  l>c  negatively  nccommodaled,  while  the  mirror  mast  )>e  brot^it  as  near  as  posibklo 
the  eye  of  the  patient.] 

[Iiidirect  Method,  by  which  a  more  general  view  of  the  fundus  is  olitaincd.  Throv  tbeGgta 
into  the  patient's  eye  by  an  ophthalmoscopic  mirror  as  abo\e,  but  held  at  n  distance  of  afcou  50  <s 
[10  inches)  Irom  the  patieul'a  eye.  Hold  a  biconvex  lens  of  14.  uik>ptrics  fucal  length  vertically 
between  tbe  mirror  and  the  patient's  eye  (Fig.  549),  the  observer  looking  throogh  the  bole  of  lh= 
mirror.  What  be  docs  see  is  an  inverted  aerul  image  at  B.  Only  a  tanall  put  of  tbe  hiadai 
oculi  can  lie  ^zn  at  one  lime.1 

[The  ophihnlmcncope,  brsiae«  being  ttsed  for  examining  the  interior  nf  the  eyeball,  ts  of  the  itfM^ 
use  in  determining  tbc  exigence  and  amount  of  anomulea  of  refraction  in  the  refracitve  ncAa 
For  this  purpose  nn  ophthalmoscope  re<]uires  to  beprondcd  with  p!ui  and  minut  lenses  «hiA  ob 
be  readily  brought  before  the  eye  of  tbc  oliserver.  Thi»  i*^  readily  done  by  an  in'^enious  Mecfaa^ 
devised  l>y  Coulter,  and  made  use  of  in  Ihc  harnly  students'  opliihalmoscc^ic  of  Morton  (Fig.  5SJ^ 
The  lenses  arc  moved  t<y  a  driving  wheel  on  the  left  figure,  while  at  ihcsainc  time  »  todicaMd  iS  > 
certain  aperture  tbe  lens  presented  at  the  sight  hole.     I'he  instrument  b  aUo  provided  with  a  Btf^ 
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able  amngemcnl  carrying  a  concave  mirror  at  ekher  end.  One  of  ihesc  mirrore  U  lo  inches  in 
locus,  and  is  used  for  indirect  evaniinatian  .-ind  retinoscopy,  while  the  other  u  of  3  incties  focus  for 
direct  examiruuion,  and  is  fixed  ai  an  allele  of  25**.] 

[Retinoscopy. — The  (^ihlhalmnscojK  i^  used  alko  for  this  purpose.  A  lieain  of  liglil  is  reflected 
into  tlie  eye  hy  t)ie  o|)))ihalmi>sco])ic  iiiirror,  and  the  play  of  light  and  shade  on  the  fu'idus  oculi 
obnervcd.  A  ««dy  of  thl-i  is  important  in  determining  anomalies  of  refraction.  For  the  method  the 
MudcDt  14  referre-J  to  a  tevt-book  on  "  Diseases  of  the  Kye.'*] 

[Artificial  Eye. — The  student  may  practice  the  use  of  the  ophthalmoscope  on  an  artificial  eye, 
men  as  that  of  Frost  (Fig.  554')  or  Perrin.] 

Illumination. — In  order  to  illuminate  the  interior  of  the  eye,  v.  MelmholtjE  used  several  plates  of 
glasa,  placed  behind  each  other,  in  the  paction  of  S,  S,  in  Fig.  543.  .'\fterwai-d  he  vised  a  plane  or 
coDcave  mirror  of  7  inches  focus  (Fig.  5491,  with  a  hole  in  the  centre.  Fig.  552  shows  the  appear- 
ance of  the  fundus  of  the  eye,  as  seen  with  the  ophlhalmo5co]>e:.  In  atbtnoii  the  fundus  of  ilie  eye 
appears  red,  because  light  passes  into  the  eye  thruugh  the  sclerotic  and  uvea,  which  are  devoid  of 
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Fiu  555. 
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Fn»i'«  Artificial  Eye. 


,\<.uliii  of  ihc  Orthoscope, 


pigment.  If  a  diaphragm  be  placed  over  the  eye,  so  that  the  pdpil  alone  is  fnt,  the  eye  appears 
black  [DoHi/irs). 

Tapetum. — In  many  animals  ihc  eyes  have  a  hrighl  green  lustre.  These  eyei  have  a  special 
layer,  I  tie  lapctum,  or  the  membrane  versicolor  of  Fielding ;  in  camivora  it  consists  of  cells,  in  hcr- 
bivora  of  fibres,  placed  between  the  capillaries  of  the  choroid  and  the  stroma  of  the  uvea.  These 
slnictores  exhibit  interference  colors  and  reflect  much  lighi,  so  that  the  colored  lustre  appears  in  the 
eye. 

Oblique  illumination  ia  used  with  ulvontagc  for  investigating  the  anterior  chamber.  A  bright 
beam  of  light,  contiensed  by  a  convex  lens,  is  thrown  taifraliy  upon  tbc  cornea  inti>  the  eye,  and  «o 
directed  upon  the  |x>int  to  be  investigated  as  to  illuminite  it.  A  point  so  iiluminated,  e.  ^.,  a  part  of 
the  iris,  may  be  examined  from  a  distance  by  means  of  a  lens,  or  even  liy  a  microscope  )  Liebreufi)^ 

The  Orthoscope. — Czcrmak  tonslructed  this  instrument,  \\\  which  the  eye  vs  placed  under  water 
(Fig.  555).  It  consists  of  a  small  glnsi  tmogh  with  one  of  its  walls  rcmoveil.  The  margin*  of  the 
open  side  are  pressed  firmly  against  the  region  of  the  cj-e.  'ITie  eye  and  its  surrounding?*  form,  -as  it 
were,  the  sixth  side  of  the  tmugh.  which  in  filled  with  water,  so  that  the  cornea  is  bathed  therewith. 
As  the  refractive  iodex  of  water  is  almost  the  same  as  the  refractive  Index  of  the  media  of  the  eye,  the 
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niys  of  light  pass  into  Ihr  eye  in  a  stratfibl  direclion  without  being  refracted.  Hence,  objecti  n  ik 
anterior  chmnl'cr  cttn  he  s«en  ditcctly,  as  if  lhe>-  wrre  not  within  the  rye  at  all.  Aitothei  ad*ai«i|r 
ix  tliat  ihc  objects  can  be  brovigtit  nearer  to  ihe  eye  of  the  observer.  The  ray»  of  lifjlil  cnei^ini  bin 
the  point  (<r)  of  llic  fundu*!,  if  the  eye  wrrc  siirroundeU  by  nir,  would  leave  the  eye  as  ihc  pinlkl 
lines.  6,  c,  h,  c.  Umler  wnler.  tho^  rays,  a,  t\  cunlinue  tti  the  dlrrctioD  a,  i>,  a%  imt  as  >,  tl,  ■ben 
they  cmcif^eftomihe  water,  and  arc  licnt  from  ihe  perpendicular  to  J,e,i/,c.  The  eye  of  the  i' 
looking  ID  tlie  direclion  e,  <  sees  the  |K>tnt.  tf,  neartr,  y'u.^  in  the  direction  r.  d,  «',  lying  m  4 

395.  ACTIVITY  OF  THE  RETINA  IN  VISION.— I.  Blind  Sprt." 
— llie  £pds  and  cones  alone  arc  the  paru  of  the  retina  sensitive  lo  light,  ilin 
alone  arc  excited  by  the  vibrations  of  the  ether.     This  is  confirmed  by  M  ' 
experiment  (1688),  which  proves  that  the  entrance  of  the  optic  nerve,  whv 
and  cones  are  absent,  is  devoid  of  visual  sensibility.     Hence  it  is  spoken  of  8&  tU 
"M/i*/  spot" 

[Mariotte's  Experiment. — Make  two  marks,  about  three  inches  apart,  upaa 
paper  (Fig-  556).  Look  at  the  cross  with  the  right  eye,  keeping  the  left  eye  clCKed, 
and  hold  the  paper  about  a  foot  from  the  eye,  when  both  the  cross  and  the  circk 
will  be  seen.  Gradually  approximate  the  paper  to  the  eye,  keeping  the  open  eve 
steadily  Bxed  on  the  cros.s;  at  a  certain  moment  the  circle  will  disap{K:ai,  aiuloo 
bringing  the  paper  nearer  to  the  eye  it  will  reappear.  The  moment  when  the  circle 
disappears  is  when  its  image  falls  upon  the  entrance  of  the  optic  nerve.] 

Position  and  Size. — The  entrance  of  the  opiic  nerve  ties  olxxit  5.5  mm.  internal  to  thfTMl 
akis  uf  the  eyeball  in  llic  retina.  It^i  diameter  is  i.X  mm.  The  apparent  diatocter  of  the  l)tiad  ^A 
in  the  field  of  vision  is  in  a  horizontal  direction  6**  56'' — this  lies  12^  35^  to  iS"  55'  borixoaUllyCraai 

Fio.  556. 


Ihe  6xed  point.  Klovcn  full  moons  placed  side  fay  side  would  duiappenr  on  Ihe  snrfoce,  and  so  wobU 
a  human  face  At  a  distance  of  over  2  metres. 

Proofs. — The  following  fads  prove  tltat  the  entrance  of  the  optic  nerve  is  insensible  to  tif  bt : 
(1)  Dondcrs  projected,  by  means  of  a  mirror,  the  itma)l  image  of  a  Bame  upon  the  enirasce  vf  <^ 
optic  nerve  of  another  {lerson,  and  the  jsersoii  had  no  sensation  of  lighl.  But  a  Mm.«ation  of  li^-bl  «■• 
experienced,  when  ihe  image  of  the  flame  was  projected  upon  the  neighboring  part*  of  the  mna 
{2)  On  combining  with  Manotie'^  experiment  the  experiment  which  causes  ctito[Aical  phnnomcmtf 
the  entrance  of  the  ojHic  ncr\'c.  ihi^  coincides  with  the  bUnd  sjxjt  |^  393,  6  and  7). 

Form  of  Blind  Spot. — In  order  to  determine  the  form  ami  apparetU  ««/  of  tkt  ^HmJ  ^  ■ 
one's  own  eye,  tin  t lie  head  at  about  35  ceniimctres  from  a  surfnce  of  while  paper;  select  a  vatU 
pomt  on  the  latter  and  keep  the  e>e  directed  toward  ii ;  then,  tiarting  from  the  poMtioa  of  the  MM 
spot,  move  Q  white  feather  in  all  directions  over  the  poper;  whenever  the  tip  of  the  feailier  tettiM 
visible,  make  a  mark  nt  this  spot.  The  blind  spot  may  be  mapped  out  in  this  way.  It  fa*  ■ 
irregular,  c1li|>tical  form  from  which  processes  proceed,  due  to  itie  equally  non>*coKilive  origimof  Ai 
large  blood  vessels  of  the  retina  {Nuefk).  (Mariotte  conc]ude<l  from  Vu  expcrimcnl  that  ihe  dkomi 
which  is  perforated  by  the  optic  nerve,  i.s  the  mccnbranc  sensitive  to  light,  ms  the  nerrcs  ore  nsvtac 
absent  from  ihe  retina.) 

The  blind  spot  causes  no  appreciable  gap  in  the  field  of  vision. — .\s  tliis  area  is  net  o 
cited  by  light,  a  block  spot  cannot  upfxrai  in  (he  licld  of  vi&ii>n,  for  the  ^enwUioo  of  liUck  tm|)tm^ 
presence  of  retinal  elements,  which,  however,  are  absent  ftoni  the  blind  ^xA.  The  circuneuiKa. 
however,  that  in  spite  ol  the  exigence  of  an  inexcilable  spDt  during  vi<>i'm,  00  port  of  the  fickl  of  *<■■ 
ap|Kura  to  be  unoccupied,  is  due  to  a  jMychical  action.  The  unoccupied  area  of  the  Acid  «f  fUiifc 
corresponding  to  the  lifind  <^x>t,  is  tilled  in,  according  to  prv>babibty,  by  a  }isychical  uioc<»  (it  X 
Wtbtr),  Hence,  when  a  uhite  point  disappears  frnm  a  blick  §urtace.  the  whole  suruce  sfifHn* 
us  black;  a  white  surf.icc,  from  which  n  black  (:oint  falls  on  the  blind  n|oI,  apfiean  (|attc«hiK;s 
pi^  of  print,  gray  throughout,  etc.  According  to  the  pmbatiiliiies,  cciiain  parti  ore  tuppited— fM* 
cf  •  circle,  the  middle  ports  of  a  long  line,  the  central  put  of  a  cross.     S>ttcb  insfci,  bovevcr.* 
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cannot  be  constructed  according  to  the  probabilities,  are  not  perfected,  e.  ^.,  the  end  of  %  line  or  n 

humui  face.     In  other  ca^es  the  condiiion  known  as  "  eoHirncfion  "  of  ihc  field  of  vision  tends  to  fill 

u[>  the  gap.     This  will  Iw  evident  on  looking  at  the  nine  adjoining  letters,  so 

that  /  di'*appcar5;  wc  no  Inager  sec  the  three  letters  oii  each  riide  of  it  in  , 

straiuht  lines,  liul  *,  /,  A,  d  are  turned  in  toward  f.     The  adjoiniuij  part*  of    ft  \)  0 

the  neld  of  visiun  seem  to  extend  over  and  nround  the  blind  spot,  and  Lhu& 

help  to  compensate  for  the  blind  spot.  ,  .    .  - 

II.  Optic  Fibres  Inexcitable  to  Light.— The  Xzytti  of  ^  '®^  ^ 
\\\Qfti'res  of  ihe  optic  nerve  in  tiie  retiiia  is  not  sensUive  to  light,  , 
This  is  ftrovcd  by  the  fact  that,  in  the  fovea  centralis,  which  g  D  1 
is   the  area  of  most   acute  vision,  there  are  no   nerve  fibres. 

Ftirlher,  Purkinjc's  figtire  pr6ves  that  as  the  arteries  of  the  retina  lie  l)ehinti  the 
optic  fibres,  the  latter  cannot  be  concerned  in  the  perception  of  the  former, 

III.  I^ods  and  Cones. — The  outer  segments  of  the  rods  and  cones  have 
rounded  outlines,  and  are  "packed  close  together;  but  natural  spaces  must  exist 
between  them,  coiresponding  to  the  spaces  thai  must  exist  lietween  groups  of 
bodies  with  a  circular  outline.  These  parts  are  insensible  to  light,  so  that  a  retinal 
image  is  composed  like  a  mosaic  of  round  stones.  The  diameter  of  a  cone  in  the 
yellow  spot  is  2  to  2.=;  /^  {M.  Schuitze).  If  two  images  of  two  small  points,  placed 
very  near  each  ottier,  fall  upon  the  retina,  they  will  still  be  distinguished  as  distinct 
images,  provided  that  both  images  fall  upon  two  different  cones.  The  two  images 
on  the  retina  need  only  be  3-4-5.4  ;"  apart,  in  order  that  each  may  I>e  seen  sepa- 
rately, for  then  the  images  still  fall  upon  two  adjoining  cones.  If  the  distance  be 
diminished  so  very  much  that  both  images  fall  upon  one  cone,  or  one  upon  one 
cone  and  the  other  upon  the  intermediate  or  cement  substance,  then  only  i7/rf  image 
is  perceived.  The  images  must  be  further  aijarl  in  the  peripheral  portion  of  the 
retina  in  order  that  they  may  be  separately  distinguished. 

A»  ihe  rounded  end  surfaces  of  the  cones  do  not  lie  exactly  under  each  other,  but  are  so  orranf^ 
that  one  series  of  circles  is  adopted  to  the  interstices  of  the  foUovring  series,  this  explains  why  fine 
dark  lines  lying  near  eacb  other  apiiear  tu  have  alternating  twtst:s  upon  them,  as  the  images  of  these 
muit  fall  upon  the  cones,  at  one  time  to  the  right,  at  another  tn  the  left. 

IV.  The  fovea  centralis  is  the  region  of  most  acute  vision,  where  only 
cones  are  present,  ancT  where  tlieyare  very  numerous  and  closely  packed  (Fig.  521). 
The  cones  arc  less  numerous  in  the  peripheral  areas  of  the  retina,  and  consequently 
vision  is  much  less  acute  in  these  regioiw.  We  may  therefore  conclude  that  the 
cones  are  more  important  for  vision  than  the  rods.  When  we  wish  to  see  an  object 
distinctly,  we  involuntarily  turn  our  eyes  so  that  the  retinal  image  falls  upon  the 
fovea  centralis.  In  doing  this  we  are  said  to  "y?-t"  our  eyes  upon  an  object.  The 
line  drawn  from  the  fovea  to  the  object  is  railed  the  axis  of  vision  (Kig.  557,  •Sr). 
It  forms  an  angle  of  only  3-5-7°  with  the  "  optiaii  axis''  {O  A},  which  unites  the 
centres  of  the  spherical  surfaces  of  the  refractive  media  of  the  eye.  The  point 
of  inten>eciion,  of  course,  lies  in  the  nodal  point  (A«)  of  the  lens  (p.  820). 
The  term  "  direct  vision"  is  applici.1  to  vision  when  the  direction  of  the  axi.s  of 
vision  is  in  line  with  the  object  [i.e.,  when  the  image  of  the  object  falls  directly 
on  the  fovea  centralis]. 

"  Indirect  vision"  occurs  when  the  rays  of  light  from  an  object  fall  upon  the 
peripheral  parts  of  the  retina.     Indirect  vision  is  much  less  acute  than  the  direct. 

To  test  the  acuity  of  direct  vision,  draw  two  fine  parallel  lines  close  to  each  other,  and  grodn- 
ally  remove  them  mure  and  more  from  the  eye.  unUI  lK>th  appear  ttlmosl  to  unite  and  form  one  line. 
The  size  of  the  retinal  imaj^  may  I>e  ascertain e«J  l»y  determining  the  distance  of  the  two  line*  from 
each  other,  and  the  distance  of  the  Unes  from  the  eye,  or,  from  the  corresponding  wsual  angle,  which 
is  generally  from  60  to  90  seconds. 

Perimetry. — In  order  lo  test  indirect  vision,  we  may  tise  \\\t  perimetir  of  Aubert  and  FOrster. 
The  eye  is  (ilaced  opposite  a  fixed  point,  fiom  which  n  semicircle  proceeds,  so  that  the  eye  lies  in  the 
centre  of  it.  As  the  semicircle  rototes  round  the  fixed  point,  on  rotating  the  former  we  can  circiim- 
scribc  the  surface  of  a  hemisphere,  in  the  centre  of  which  the  eye  is  placed.  Proceeding  from  the 
fixed  point,  ohjects  are  placed  upon  semicircles,  and  arc  gradually  pushed  more  and  more  toward  the 
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periphery  of  the  tield  of  vision,  aolil  Ihe  oliject  becomes  indisttnct,  sni]  finally  diuppean-  Tbe  pc«eni 
of  testing  is  continued  );y  plictng  the  arc  successively  in  the  diOerent  meridiins  of  the  field  of  vicica. 
[M'Hardy's  perimeter  iaa  very  convenient  form  (Fi|;.  55!^).  It  coimiis  of  two  u;jrighuiCud 
D),  which  nrc  fixed  tn  the  oppoMle  ends  of  a  flni  basnl  plate  (  A  ).  C  citmr^  an  arraiifjemciu  Ux  tap- 
porting  the  {latirnt's  heud.  while  D  canicslhe  automalic  arrangcinrnt  lor  the  pen  me  trie  Teccml.  Bath 
of  thcM  can  he  riused  or  depressed  by  the  screws  (li  and  fi).  The  paumt*  chin  resi*  on  the  chin, 
rest  (I£),  while  in  Ihe  mouUi  is  placeil  LioduH's  biting  fixatiuu  (I.),  which  ■>  delochsble.  'Ilie  jvm 
lion  of  the  head  can  be  altered  by  ikliding  F  on  I^  which  can  be  li\cd  in  any  positiofi  by  1 


J. 


iK/i 


po 


ie 


It 
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Horinninl  Mctlonof  lh«  rinht  eye.    A.coriMa;  J.cwiiuncUva;    *,  ■i.rsi»>bi    s,  •mv.w   .^  ,-,,-„-  ubd*^— 
iKiiieniib  humor  :  r,  iri«  ;//%  puplt :/,  posterior  cnamber;  /,  Peilt't  canal  :>,  dftary  muKle  ;  Jk  C0raa»-' 


iclerotic :   ^,  antoior  yhambtf  1 

.     .        ..,.., - --  .  -.  ,*eHf»  canal  :>,  ^fa>rf  muKle  ;  ik  - 

limit,  I'cjnal  of  Schlemm;  m,  choroid;  n,  retina;  «.  *itref>u*  humor.  A'a.  opuc  nerve;  f,  Mrweshcsib  /, 
nerve- fi lire* ;  /<-,  lamina  cnbnwa.  Ttic  line  O  A  indicates  the  optic  axis  :  H  r,  tbfl  as.b  oC  vbiua  f  p,  ib*  p*^ 
II011  of  ilic  fovea  ccnirallk. 

(O).  Thefiorcclain  button  (I)  ju*tt  below  the  patient's  eyc(/)  U  connected  with  the  adjoiimriii  ■'- 
the  "  bxalion  point."  'llie  nuinmntic  recording  apparatus  consists  of  a  revolving  ({(ladrar.t 
which  describes  n  hcrai>phcre  round  a  iHiri/onlal  axis  pasKing  throngh  the  centre  of  the  hf"!' ■■ 
axle,  turning  in  the  female  end  of  rf,  which  i»  support&d  by  U.  The  quadrant  can  be  ft»fd  at  »» 
point  by^.  On  the  front  concave  kurface  of  the  quadrnni  is  fixed  a  circular  white  piece  of  i««7. 
representing  the  "  tixoiinn  point,"  from  which  a  needle  piojccts,  and  which  n  the  zero  of  thebWi 
ment.  A  c&rnage  (i),  in  which  the  test  objecf*.  arc  placed,  can  be  tnoveJ  in  the  c^iKave  face  of  *>• 
quadrant  by  means  of  the  nulled  head  (/'),  which  moves  the  carriage  by  mean.-*  of  a  tooth  and  fiaMO 
wheel.] 


[WTien  the  millMl  head  {/)  isiiirncd,  h  moves  the 
carriage  and  two  slides  {it  and  /),  tlie  two  ^lid>es 
moving  in  the  ratioof  2to  i.  llitf  rateofthe  carriage 
U  »o  adjusted  that  it  travels  ten  tiroes  faster  than  /, 
and  five  limes  faster  than  Jk.  The  pointer  (/)  is  con- 
nected u-ith  these  slides,  so  that  it  moves  when  Ihcjr 
move,  and  records  its  movements  by  piercing  the 
record  chart,  which  is  Bxed  in  the  double-faced 
frame  («r).  'Yhc  frame  for  the  record  chart  is  hinged 
near  c  lo  the  upright  (D).  The  frame,  when  upright. 
comes  so  near  the  jwiDtcr  that  the  latter  can  ptercc  a 
chatt  placed  in  the  frame.  The  palient  is  directed  to 
look  nt  the  "  tixation  point."  which  is  merely  a  small 
ivory  button  placed  in  the  imaginary  axis  of  the  heml- 
sphere  on  the  front  of  the  centre  of  the  concave  surface 
of  the  quadrant ;  the  projecting  needle  point  {o)  indi- 
cates its  position.  This  is  the  zero  of  the  quadrant, 
and  on  each  side  of  it  the  quadrant  is  divided  into 

[In  lestii^  the  field  of  vision,  place  the  carriage 
so  as  to  cover  /cro,  adjust  the  eve  for  the  fixation 
point,  and  look  v4raillly  at  it,  when,  if  at]  is  right, 
the  pointer  (  ;»)  ought  to  pierce  the  centre  of  the 
chart.  Move  ihc  carriage  along  the  quadrant  by 
/  until  it  disappears  from  the  field  of  vision,  and 
when  it  does  so  t)ie  |X>intcr  is  made  to  pieice  the 
chart.  Make  another  observation  in  another  dircc- 
doa  by  altering  the  jxibilioii  of  the  quudram,  an'' 
goon  doing  so  until  a  complete  record  Is  obtained 
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of  the  field  of  vuico.    Test  die  other  eye  in  the  sauqc  way.    The  color  6^  may  be  teMed  fay  i 
colorctl  lyapers  in  the  carriage.] 

[Priestley  Smith's  Perimeter  (Fig.  559V — The  wooden  knob  on  the  lelt  of  the  figvrc  i*  pUad 
under  the  eye  of  the  patient,  who  stArn  at  the  fixed  point  in  the  iL\b  of  the  quadnnC  which  cm  be 
moved  in  any  meridioji.  The  lest  object  is  a  square  piece  of  white  paper,  which  is  mored  tSoa^Ute 
ntudront  The  chart  is  placed  on  the  poi^terior  surface  of  the  hood  wheel  and  moves  wiih  iU  M  Iktf 
the  meridians  of  the  chnrt  move  M'iih  the  quadrant.  There  is  a  scale  i>fhind  ibe  hand  wheel  can> 
9i)ondmg  wiih  the  circles  on  the  chart,  su  that  the  observer  can  prick  off  his  oi»enrotioiu  dtrealy.] 

[Scotoma  is  the  term  applied  10  dimness  or  blindnss  in  certain  parts  of  the  fietd  uf  '~  ' 
which  may  be  central,  marginal,  or  in  patches.] 

The  ca|)acity  for  distinguishing  colors  diminishes  more  rapidly  at  the  periphery  of  the  1 
than  that  for  distinguliihiiig  dilfcrcDccs  in  the  brtghtness  or  intensity  of  light.     In  fact,  the  ptri 
of  the  retina  h  slightly  red   blind.     The  tliminution  is  greater  in  the   vertical  meridian  of  tlici 
than  in  the  horizontal,  and  it  diminishes  with  the  di-ttance  from  the  fixation  point  [Attttft  tad 

Fig.  56a 
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J^nter),  These  observers  also  state  that,  during  nccommodatJoa  for  a  distant  object,  the  lUniDtfha 
of  the  capacity  to  distinguish  brightness  and  color  toward  the  periphery  or  the  lens,  ocear*  nsR 
rapidly  than  mih  near  v-ision.  The  excitability  of  the  retina  for  colors  and  brightness  k  %^^tm 
at  a  ]:oint  equally  distant  from  the  fovea  ceolialis  on  the  temporal  than  on  the  nasal  side  of  ths 
eye  {SrhStt). 

Perimetric  Chart. — 1  f  the  arc  of  the  perimeter  ( l-lg.  559)  be  divided  into  90  degrees  becSeftlic 
at  the  tixotiun  point  (cretilral  point),  ana  proceeding;  (o  L  and  M  (Fig.  560):  and  if  •  NT>ei  «f 
conccniric  circles  be  inscril>ed  on  \h\%  with  the  point  of  Bxation  as  their  centre,  we  can  coiBtrvct  « 
topographical  chart  of  ihc  visual  capacity  of  the  noruial  or  healthy  eye  from  Ibe  data  oU»acd  h* 
the  cxnniittfllinn  of  the  retina. 

Fig.  560  is  an  example;  the  thifJt  lines  indicate  a  difea^  eye,  the  corresponding  tkm  Ilnri  I 
healthy  eye.  The  continuous  line  indicates  the  limits  for  the  perception  of  white;  ihc  iotrrnn^oJ 
line  that  for  blue:  the  punctuated  and  interrupted  line  that  for  red;  mis  the  blind  spoL  la  I 
t»>rmal  eye  the  limits  for  the  perccptioa  of  colors  are  as  follows : — 
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V,  Specific  Energy. — The  rods  and  cones  alone  are  endowed  with  what 
Johannes  MUller  called  '■'specific  fNergVf"  i.  e.y  thtry  alone  are  set  into  activity  by 
the  ethereal  vibrations,  to  produce  those  impulses  which  result  in  vision.  Afe/kan- 
ica/and  eUctrital  stimuli,  however,  when  applied  to  any  part  of  the  course  of  the 
nervous  apparatus,  produce  visual  phenomena.  Mechanical  stimuli  are  more  intense 
stimuli  than  light  rays,  as  is  shown  by  performing  the  dark-pressure  figure  with  the 
eyes  open  (§  393,  5,  a),  whereby  the  circulation  in  the  retina  is  interfered  with  j 
in  the  region  of  pressure,  we  cannot  see  external  objects  which  affect  Che  retina 
tmiformly  and  continuously. 

VI,  The  duration  of  the  retinal  stimulation  must  be  exceedingly  short,  as 
the  electrical  spark  lasts  only  0.000000868  second  \  still,  as  a  general  nile,  a  shorter 
time  is  required,  the  larger  and  brighter  the  object  looked  at.  Alternate  stimu- 
lation with  light  17  to  18  times  per  minute,  is  perceived  most  intensely  {Bruck^). 
further,  an  increase  or  diminution  of  o.oi  part  of  the  intensity  of  the  light  is 
perceptible  (§383).  A  shorter  time  is  required  to  perceive  yellow  than  is  required 
for  violet  and  red  {Vier{rr<ft).  The  retina  becomes  more  sensitive  to  light,  after  a 
person  has  been  kept  in  the  dark  for  a  long  time,  and  also  after  retwse  during  the 
night.  If  light  be  allowed  to  act  on  the  eyes  for  a  long  time,  and  especially  if  it 
be  intense,  it  causes  fatigue  of  the  retina,  which  begins  sooner  in  the  centre  than 
in  the  peripher)'  of  the  organ  {Auberty  At  first  the  fatigtie  comes  on  rapidly  and 
afterward  develops  more  slowly — it  is  most  marked  in  the  morning  (-4.  Fick). 
The  periphery  of  the  retina  is  si)ecially  characterized  by  its  capacity  for  distin- 
guishing movements  (Exner). 

VXI.  Visual  Purple. — The  mode  of  the  action  of  light  upon  the  end  organs 
of  the  retina  has  already  been  referred  to  (p.  789)  in  connection  with  the  *'  visual 
purpW  or  rhodopsin  {Boll,  Kuhne).  Kiihne  showed  that,  by  illuminating  the 
Tetina,  actual  pictures  ((*.  ^.  the  image  of  a  window)  rould  be  produced  on  the 
|etina,  but  they  gradually  disappeared.  From  this  point  of  view  we  might  regard 
the  retina  as  comparable,  to  a  certain  extent,  to  the  sensitive  plate  of  a  photographic 
apparatus. 

Optogram. — The  visual  purple  b  formed  by  the  pigment  epithelium  of  the  relini.  Perhap*  we 
mif^lu  coinparc  ihc  process  lo  a  kind  of  secretion.  Tlic  visual  purple  may  be  restored  in  a  reiuia  by 
Ikying  the  latter  upon  living  choroidal  epithelium.  Thtr  pigment  (liMj^jKars  from  (he  mnminnlian 
retina  by  the  action  of  light  60  times  more  rapidly  than  from  the  rdina  of  the  frog.  In  A  iabl»t*s 
tye,  whose  jiupil  was  dilated  \\\\\\  alrnj>in,  Kwalil  and  Kilhnc  oblaincil  n  f^harp  jMclurp  or  optogram 
of  a  bright  object  pljccd  at  a  riisiance  of  24  cm.  from  the  eye — ■the  image  was  **  tixed"  by  a  4  per 
cent,  solution  of  nJuin.  Visual  purple  withstands  all  the  oxidizing  leagculs;  zinc  Chloride,  acetic 
Bcid,  and  coirouve  iiublimatL'  change  it  into  a  yellow  substance — it  becomes  white  only  throU{Th  the 
kction  of  light :  the  dark  beat  rays  are  without  effect,  while  il  \i>  decomposed  above  a  tempcmiturc  of 
JJ°  C,  [As  visual  puqile  is  aliseni  from  the  cones,  and  cones  only  are  present  in  the  fovea  centralis, 
irc  cannot  explain  vision  by  optograms  formed  by  the  visual  purple.] 

VIII.  Destruction  of  the  rods  and  cones  of  the  retina  causes  corresponding 
dark  spots  in  the  held  of  vision. 

396.  PERCEPTION  OF  COLORS. — Phyaical. — The  vibrations  of  the  light  ether  are  iwr- 

eivcd  by  the  retina  unly  witliin  distinct  limits.     If  a  beam  of  while  liyhl,  e-s.,  from  ilie  sun,  be 

IMMBiitted  through  a  pnfvm,  the  light  rays  arc  refracted  and  dispersed,  luid  a  "prismatic  spectrum  " 

iobtained  {Hg- 17).     White  li;iht  contains  rays  of  very  different  wave  lengths  w  periods  of  vibration. 

:  dark  heat  rays,  whose  wave  length  is  o.cx>i94  mm.,  are  refracted  least  {Ftuau).     They  du  not 
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act  upon  the  retinn,  and  ire  thererore  invisible,  lliey  act,  bowrver,  upon  ccnsorr  ncrvei.  Aoim 
90  per  cent,  of  these  rays  is  ■bsorbg.d  by  the  media  of  the  eye  {lirHikf  ami  KnohhtKh^.  Fiwa 
Fraucnhofcr's  line,  A.  onwardil^c  oMriUations  of  the  light  ether  excite  the  retina  in  ihe  ibUowtag 
order :  Red  with  4S1  billions  of  vi^rt•aliollS  per  !*cond,  oran^^t  with  532.  ytllpw  wttli  563,  grttn  wii5 
607,  blue  with  65J,  indigo  Mith  676,  aiid  vtoUt  with  764  liillioii  vibratitiiis  per  second-  The  ant* 
sation  of  color  therefore  depends  on  the  number  of  yibtRtioDS  of  the  light  ether,  jost  u  the 
pitch  of  a  note  depends  on  the  number  of  vibrations  of  the  sounding  body  ( AVuf/on.  1704 ;  Itniln. 
ITJ2).  Iteyond  the  vinlei  lie  the  chemicAlly -active  [actinic]  rays  of  the  spectrum.  After  onitnj 
out  alt  the  spectrum,  includitig  the  violet  rays,  r.  HeluihalLt  succeeded  in  »ccing  the  idtra-violct  ran, 
which  had  a  feeble  grayish-blue  color.  The  heat  rays  in  the  colored  part  of  the  spectrum  an  Mny 
mitted  by  the  media  of  the  eye  in  the  same  way  as  through  water.  The  existence  of  the  ulin-tivli 
tvf%  ia  best  ascertnined  by  the  phenomenon  of  fluorescence.  \'on  Helnihohf,  on  tlluminitin^  i 
tolution  of  lulphftte  of  quinine  wiih  ibc  ultra-violet  rays.  wi»-  a  bloish-whiie  light  proceeding  («■ 
all  parts  of  the  solution  which  were  acted  on  by  the  ultra.violet  rays.  As  ihc  media  of  tbr  ej» 
themselves  exhibit  fluorescence  {v,  HtlmkoUt  1,  they  mtist  Increase  the  power  of  ihe  retina  to  Hii^T)- 
guish  these  ray*.     'I"he  ultraviolet  rays  are  not  largely  absorbed  by  the  media  of  the  eye  {  A- 

In  order  that  a  color  be  perceived,  it  is  esftcniial  that  a  certain  amount  of  light  fall  upon  tf 
lilug.  when  at  the  lowest  dcRree  of  briKhtness,  gives  a  color  sensation  with  an  amount  of  hgni  uriir 
IS  sinleen  times  less  than  that  requited  fur  red  {Dobrowfosky). 

Intensity  cf  the  Impression  of  Light. — While  tight  of  different  periods  of  %-|bration  opplitd 
lo  the  eye  excites  the  diflerenl  seosatioiu  of  color,  the  amplitude  of  the  vibraticnu  (height  oif  Ik 
waves)  determines  rhe  intensity  of  the  impression  of  light ;  just  as  the  loudnes*  of  a  tkcfe  dcpoKb 
on  the  amplitude  of  the  vibrations  of  the  bounding  body.  The  &unS  tight  contains  all  the  ray*  vbd 
excite  the  kcnsation  of  color  in  ux^and  when  all  these  rays  fall  simultaneou-^ly  upon  the  retina  vea- 
pcfiencc  the  sensation  of  while.  If  the  colore  of  the  spectrum  olAaincd  by  means  of  a  praa  be 
reunited,  white  light  is  again  obtatne<l.  If  no  vibrations  of  the  Itght-ellier  reacb  the  rctins,  every 
sen'utiioo  of  li(;ht  and  color  is  absent,  but  we  can  scarcely  opply  the  term  black  to  this  caodMiaa. 
It  is  rattier  the  absence  of  sensation,  such  as,  for  example,  is  ilic  ouc  wlieri  a  l>cam  of  light  laQs 
on  the  »Ivin  of  tlic  baclv.  I'liis  d(.>eA  not  give  the  aensatiun  of  black,  but  rather  thu  of  no  trpr*^ 
of  light. 

Simple  and  Mixed  Colors. — We  distinguish  simple  colors,  e,  g,^  those  of 
the  spcctrutn.  In  orticr  lo  perceive  these,  the  retina  must  be  excited  (set  into 
vibration)  by  a  distinct  number  of  oscillations  (see  above).  Further,  wedtstin^»b 
"mixed  colors."  whose  sensations  are  produced  when  the  retina  is  cxcitoi  by 
two  or  more  simple  colon*,  sitnultaneoiisly  or  rapidly  alternating.  The  most  com- 
plex mixed  color  is  white,  which  is  composed  of  a  mixture  of  all  the  simple 
colors  of  the  spectrum. 

The  *'  cpmplementary  QoIqes"  are  important.  Any  two  colon  whtcfc 
together  give  the  sensation  of  while  are  complementary  to  each  other.  The  "  con- 
trast colors"  are  mentioned  here  merely  to  complete  the  list.  They  are  rln*r!r 
related  totlie  complementary  colors.  Any  two  colors  which,  when  mixed, 
menl  the  generally  prevailing  tone  of  the  light,  are  contrast  colons.  When  1 
is  blue,  the  two  contrast  colors  must  be  bluish-white :  with  bright  gaslight  ihcy  must 
be  yellowish-white,  and  in  pure  white  light  of  course  all  the  complementary; 
same  as  the  contrast  colors  (^Briicki), 

Methods  of  Mixing  Colors. — i.  Twosolar  spectra  arc  projected  upon  a  icrecti,  and  the  1 
are  so  artangcil  as  to  cau&e  any  one  part  of  one  spectrum  to  cover  any  part  of  the  other. 

a.  1.00k  obliquely  thItn^;h  a  vertically  arranged  glass  plate  at  a  color  place<I  behind  it 
color  '\i  placed  'm/rtmt  oi  the  gtossplale,  so  that  its  image  is  aUo  reflected  mio  the  eye  of  tbcotMmr; 
thus,  the  light  of  one  color  transmitted  through  the  glass  plate  and  the  rcHecicd  light  from  ibrote 
color  reach  the  eye  simulianetiusly.  [Lambert's  Method. — 'Ihi&  it  easily  dune  by  Laflibsf'* 
method.  Use  colored  wafera  and  n  slip  of  gloss;  place  n  red  wafer  on  a  sheet  of  block  paper,  isd 
aliotii  3  inches  behind  it  another  blue  one.  Hold  the  plate  of  gloss  midway  and  vertically  btfwn 
them,  and  so  incline  the  glass  that,  while  looking  through  it  at  ibe  red  wafer,  a  reflected  image  U  At 
blue  one  wilt  be  pojected  into  the  eye  in  the  same  directiou  as  that  of  the  red  ima^e,  whcsi  we  I 
the  sciisaiioii  of  purple^. 

3.  A  toialory  disk,  with  Acclon.  of  various  colors,  is  rapidly  rotated  in  front  of  the  eyes.     Oai 
rotating  the  colored  disk,  the  impres.sioti.«  produced  by  the  individual  colors  are  united  to  \* 
mixed  color.     If  Ihe  rotating  disk,  which  yields,  let  us  !tuppo6c,  white,  on  mixing  the  oolofsaf  j 
spectnim.  I>e  reflected  in  a  rapidly  rotating  mirror,  then  the  individual  components  of  Uie  '  " 
reappear. 

4-  Place  io  &ont  of  each  of  the  small  holes  in  the  cardboard  u»ed  for  Sdwiner'a  < 
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( ^8-  537)  two  diflerenUy  colored  pieces  or  class ;  the  colored  raja  of  light  passing  through  the  holes 

unite  on  the  retiiia,  and  produce  a  mixed  culcr  (O^nvfd^). 
CompleniemarY  Colors. — InveMigaiton  shows  that  the  following  colors  of  the  ^jcotrum  br 

Coiopletnetilary,  i.  r.,  every  |Wiir  gives  rise  lo  while : — 

Ked  and  greenish-blue.  Orange  and  Cyan  Wue, 

Yellow  and  indigo  hlue,  Grcaiiah- yellow  and  violet, 

white  green  has  the  comixnind  compIemcTitary  color,  purple  (;■.  HeinthoiU). 

The  mixed  colors  may  be  determined  From  the  (bllowing  tahlc.     At  ihe  top  of  the  vertical  and 

horiionlal  columns  arc  placed  the  simple  colors;  the  mixed   colors  occtir  where  they  inlerscct  the 

corresponding  vertical  and  horizontal  columns  (Dk.  =^  dark ;  wb.  :=  whiltsh) :— 


VIotal, 

Indira. 

Cyanbbw. 

BkiUi^maD. 

OrMn. 

GphdIu* 
ytUow. 

Y<aiOTr. 

Red 

Orange 

VeUow 

Of.-yelloir 

Gmo 

Blai«h*ffrt«n 

C)^blue 

Furplo 
Dk.  rose 
Wh.  ro«e 

While 
White -blue 
Waicr  blue 
Indigo 

l^.roBe 
Wh.  ru*e 
Whi« 
Wi.-greei* 
Water  blue 
Water  blue 

Wh.  ro«c 

Whiiff 

Wh.-j;reen 

Wh.-fireen 

Ul.-£reeii. 

White 

Wh,-ycUow 
Wh..yeIIow 
Greta 

Wh..ycUow 

Yelluw 

Gr.-)relIoNr 

Coia-retlow 
Yellww 

Or«nge 

*** 

The  following  results  have  been  obtained  from  obser\*atton5  on  the  mixture  of 
colore : — 

X.  If  two  simple,  but  non-comjjiementary,  spectral  colors  be  mixed  with  each 
other,  they  give  rise  to  a  color  sensation,  which  may  be  represented  by  a  color 
lying  in  the  speclnim  between  both,  and  mixed  wilh  a  certain  quantity  of  white. 
Hence  we  may  jiroduce  every  impression  of  mixed  colors  by  a  color  of  the  spec- 
trinii  +  white  {Grass/min). 

a.  The  less  white  the  colors  contain,  (he  more  *'  saturated  "  they  are  said  to 
be;  the  more  white  they  contain,  the  more  unsaturated  do  they  appear.  The 
saturation  of  a  color  diminishes  with  the  intensity  of  the  illumination. 

Geometricsl  Color  Table. — Since  the  lime  of  Newton,  aitcnipfs  have  Iwcn  mode  to  construct 
a  so-called  "  geometrical  culor  u.ble,"  which  will  cniiblc  any  mixed  color  to  be  readily  found.  Fig. 
561  shows  such  a  color  table  ;  while  is  placed 

in  the  middle,  and  from  it  lo  every  point  in  1''ig.  561. 

the  curve — which  is  marked  with  the  names 
of  ilic  colors — suppose  each  color  to  be  so 
placed  that,  proceeding  from  white,  the  colors 
are  orrangeil,  btfgtnnmg  with  the  brightest 
tone,  always  followed  by  the  most  sa'.uriiled 
tone,  uniil  the  pure  "imrated  spectral  color 
lies  in  the  point  of  the  curve  marked  with 
the  name  of  the  color.  The  mixed  color, 
purple,  is  placed  between  viulel  and  red.  In 
onler  to  determine  from  ihis  table  the  mixed 
color  of  any  two  spectral  colors,  unite  ihc 
points  of  these  colors  by  a  straight  line. 
Supijcisc  weights  corresponding  lo  the  units 
of  inlensit^'  of  these  colors,  to  be  placed  on 
both  jMiinls  of  the  curve  indicatin;;  colors, 
then  tlie  position  of  ihe  centre  of  graviiy  of 
both  iu  the  line  ^ounecting  the  culorsi  indi- 
cates the  position  of  the  mixed  color  in  the 
Ukble.  The  mixed  color  uf  two  spectral 
colors  always  lies  In  the  color  table  in  the 
straight  tine  connecting  the  two  color  points.  Further,  the  impression  of  the  mixed  color  cor- 
responds to  an  intennetllate  spectral  color  mixed  wiih  white.  The  complcmentarj-  color  of  any 
spectral  color  i*  found  at  once  by  making  a  hne  from  ihe  |,K>iiit  of  this  color  through  while,  until  it 
intersects  the  opjwsite  margin  of  the  color  table ;  Ihe  point  of  intersection  inrhcnles  the  complementary 
color.  If  purr  white  be  pnxlnccd  by  mixing  two  compteineiilufy  co'ors.  the  color  lying  nearest 
white  on  the  connecting  line  must  be  specially  strone,  as  then  only  would  the  centre  of  gravity  of 
the  lines  imiiing  both  colors  tie  in  the  ixnnt  marked  white. 


/ 


Cya^i  blue 


Green 


OrangB 


Violet 


Red 


(>eom<:iriC'l 


t  cone  ur  iu\Ae. 


826 


YOUKG-HELMHOLTZ  THEORY   OF  COLOR   SENSATION. 


By  means  of  the  color  tahle  we  may  ascertain  the  miitJ  tohr  ef  thr^t  or  morg  t^Un, 
example,  it  is  reqairnl  to  And  the  mixed  color  resulting  from  the  union  of  the  point,  «  (pftle  yeJI 
h  (fairly  S)itunite<lblui.sli-(rrccn),  ami  r  (fairly  saturated  blue).     On  thelhree  points  pUoe  «i%lM> 
corresponding  to  their  inicnsilics,  and  a5Ccrt.iin  ihc  ccntic  of  gravity  of  the  weight,  a,  k^t  i'     ~ 
lie  at  /.      It  i.'i  olivious,  however,  thai  the  imjirewiion  of  this  mixe<l  color,  whiliih  fj^en-btuciyi 
produced  by  green-blue  -f-  white,  so  that  /  may  be  also  the  centre  of  gravity  of  two  wet^;; 
lie  in  the  line  cunnectiug  white  and  ^reeii>blue. 

We  may  deacrilic  a  irianglc,  \,  itz,  K,  about  the  color  tahle  so  as  Lo  enclose  il  completely, 
three  fundamental  or  primary  colon  lie  in  the  angles  of  thi»  triangle,  red,  i;reeo,  violet. 
eviilrnt  llicit   each  of  the  ChIokxI  impressions,  /.  r.,  any  point  of  the  color  tabic,  may  lie  <lc(miiJnDl 
by  placing  weights  corresj>onding  to  the  inten*ity  of  the  primary  colm  at  tlic  anglci  of  llie  tri 
so  that  the  point  of  the  color  table,  or  what  is  the  ^oine  thing,  (he  desired  mixed  color,  is  the 
of  ^avity  of  the  triangle  with  its  angles  weighte<t  a«  al>ove.     The  iniciMiiy  of  the  three 
colors,  in  order  to  pruduce  the  mixed  color,  must  be  represented  in  ibe  nroe  praportioa 
weights. 

Theories. — \'ariDtLs  theories  have  been  proposed  to  account  for  color  sensation. 

1.  According  to  one  iheocy,  color  sensation  is  prwiuced  by  ant  kind  of  element  jvrseni  in 
retina,  being  excited  in  different  xoiiyi  by  light  of  dilTcrent  colors  (oscillations  of  the  light  ether 
dilTerent  wave  lengths,  number  of  vibrations,  and  refractive  indices). 

2.  Young-Helmholtz  Theory.— The  theory  of  Thomas  Young  (1807*1  an 
V.  Hdmhollz  (1^52)  assumes  that  three  different  kinds  of  nerve  elements, 
corresponding  to  the  thrte  primary  colors,  are  present  in  the  retina.  StimulatiOD 
of  the  first  kind  causes  the  sensation  of  red,  of  the  second  green,  and  of  the 
third  violet. 

The  cletiicnis  scmiiive  to  red  are  most  stronf^ly  excited  by  light  with  the  longest  wave  length,  llit 
red  rays;  iliobc  for  green  by  medium  wave  lei^hs,  green  rays;  those  for  violet  l^  tl»e  rays  of  sboiteil 
wave  length,  violet  ra3r5.  Further,  it  is  aMumed,  in  order  to  explain  a  number  of  pfaeoontBai  Alt 
fvtry  eolor  0/  the  tpeetrum  txeiiet  all  ike  kinds  of  fibrti^  somg  of  them  feehh^  ttken  ^miffy. 
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Suppose  in  Fig.  5^3  the  colors  of  the  spectrum  are  arranged  in  their  natural  order  (tdoi  red  to  riokt 
horizontally,  then  the  three  curves  raised  upon  the  absci!'6a  might  indicate  tlie  Arength  of  ihesiuas- 
htion  of  the  three  kinds  of  retinal  elemenis.  The  continuous  curve  correst*ond«  to  the  r«y»  pr^ 
ducing  the  sensation  of  red,  the  doited  line  that  of  green,  and  the  broken  line  that  of  violet.  Pot 
r^d  light,  as  indicated  by  the  height  of  the  ordinates  in  R,  strongly  excites  the  rlcmeDti  sensitive  to 
red,  and  feebly  the  other  two  kinds  of  tcrminaliuns,  resultitig  in  the  sensation  of  red.  Si«(il« 
yellow  excites  moderately  the  elemenis  for  re<l  and  green,  and  feebly  those  fur  violet  =  seosaiiaa  of 
yeliaw.  Simple  green  excites  strongly  the  elements  foe  green,  but  much  more  feebly  the  two  othM 
Icinds  ^^  sensation  of  ,^'r/fn.  Simple  blue  excites  10  a  mui'lcrale  extent  the  elements  Ibr  |;reai  and 
violet;  more  feebly  those  for  red  =  sensation  of  hint.  Simple  violet  excites  strongly  the  o«^ 
sponding  elements,  feebly  (he  others  ^^  sensation  of  violet.  Stimulation  of  any  two  ctemon 
excites  the  impression  of  a  mixed  color ;  while,  if  all  of  them  Ijc  excited  tn  a  nearly  eqoal  dogn^ 
the  scnsAtion  of  while  i^  produced.  As  a  matter  of  fact,  the  Voung-Ilelmholt/  theory  gives  1  nnptt 
explitnaiion  of  the  phenomena  of  the  physiological  doctnne  of  color.  It  has  been  aliempteil  ' 
make  the  results  obtained  by  examination  of  the  structure  of  the  retina  accord  with  ih\\ 
According  to  Max  Schult/e,  the  conea  alnne  are  end  organs  connected  with  the  p>erceplion  of 
TIk  presence  of  longitudinal  slriation  in  their  outer  segments  is  regarded  b«  conMituiing  them  m' 
terminal  cni!  ofgans.  Our  power  of  culor  <tensation,  so  far  as  it  depends  on  the  retitu,  woDld* 
this  view  of  the  matter,  bear  a  relation  to  the  number  of  cones.  The  dgjtre e  of_^lor  senatigo  ■ 
most  derelopcd  in  the  macula  lutca,  which  contains  only  cones,  and  dimmishes  as  the  dtnan 
from  the  point  increases,  while  it  is  absent  in  the  iieripheral  parts  of  the  retina.  The  rodi  of  thf 
retina  arc  said  10  be  concerned  only  with  the  capacity  to  di>tingu)sh  )»etween  quvititaiive 
of  light. 
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3.  Hering'a  Thcofy. — Ew.  Heriog,  in  order  to  explaio  the  sensation  of  light,  proceed*  from  the 
[tjiicm  .iiaiea  under  i,  p.  835.  What  we  ore  conscious  of,  and  call  a  visual  aensoiion,  is  the  physical 
«iI>rc>iwon  for  ihc  metabolism  in  the  visual  substance  i"  Strhsuhtam  "),  1.  a,  in  those  nerve 
l&aMcs  which  arc  excited  in  the  process  of  vision.  I-ike  every  other  corporeal  matter  tins  sut»tanei: 
^uring  the  activity  of  the  mctftlxilic  process  undergoes  decomposition  or  '*  disassimilation  "  ;  while 
■during  rest  it  mii^  be  n^ain  renewed,  or  "  assimilate  "  new  inatcnnl.  Ik-ring  n^sutncii  thai  for  ibe 
perception  of  white  and  black,  two  dilTcrent  fjualiiies  of  the  chetnical  processvK  take  place  in  the 
visual  iubstonce,  so  that  the  sensation  of  white  corresponds  to  the  diBBSsimilation  (decomposition), 
and  that  of  blkck  to  (he  assimilation  (rcsiilution)  of  the  visual  substance.  According  to  this 
»iew,  the  different  dqprees  of  distinctness  or  iniensiiy  with  which  these  two  scnsaiions  appear,  occur 
In  the  scver.1I  tnu)>itiuns  between  pure  while  and  deep  black;  or  the  piuportions  in  which  they 
■pjicar  to  !«  mixed  (Kraj"),  correspond  to  the  iniensiiy  of  these  two  psycho -physical  processes. 
Thus,  the  coDSuDiplion  and  restitution  of  matter  in  (he  visual  sulislance  are  the  primary  proce^^oi  in 
the  licnsaiion  of  white  and  Idack.  In  the  jiroduaion  of  the  sensation  of  white,  the  consumption  nf 
the  visual  substance  is  caused  by  the  vibrating  ethereal  waves  acting  as  Ihe  discharging  force  or 
Mimulus,  while  the  degree  of  the  sensaiion  of  wUitcncas  is  proportion^  to  the  quantity  of  the  matter 
Consumed.  The  |m>ceM  of  restitution  discharges  the  sensntion  of  black ;  the  more  rapidly  it 
occurs  the  stronger  is  the  sensation  of  black.  Tht  tontumption  of  ike  visual  tubxinnce  at  ohm 
flaee  cauits  a  grraier  rfsiilutiptt  in  the  adjoiniitg  parts.  Both  processes  influence  each  other 
limaltaDeoDsly  and  conjointly.  [In  the  production  of  a  viiiual  sens^otion,  it  Li  important  to  rciiicml>cr 
that  the  conditifui  of  one  pnit  of  the  reiina  inlTuences  contemporaneously  the  cnnditinn  of  adjoining 
parts  of  the  retina,  1.  ^.,  •*  ihe  sensation  which  arises  through  the  stimulation  of  any  given  point  of 
Ae  rdina,  is  also  a  function  of  the  &latc  of  other  immcdiatt^ly  contiguous  |x>ints."1  'Phis  cxptoiat 
.physiologically  the  phenomenon  of  contraat  of  which  the  old  view  could  give  only  a  psycliical  in- 
■  terpretatuju  (p.  8321. 

Similarly,  color  sensation  is  regarded  as  a  soLSBlion  of  decomposition  (disassmiilalion)  and  of 
je-vt'tution  (ossimiUtiun) ;  in  addition  to  white,  red  and  yellow  ore  the  exprestiion  of  decomposi- 
tSon  ;  while  green  and  blue  represent  ihe  sensation  of  restitution.  Thus,  (he  visual  sulistnnce  is 
tulijcct  to  three  different  ways  ol  cliemical  cliange  or  metabolism.  \Vc  may  enplain  in  this  way  the 
yv/i'/Y(/ phenomena  of  contrast  and  tlic  complimentary  after  images.  'I*he  sensation  of  black  white 
may  occur  sirpulta neons! v  with  all  colors;  hence,  every  color  sensation  is  accompanied^ by  Lhnt  of 
dark  or  bright,  so  that  we  cannot  have  an  absolutely  pure  color.  There  are  three  different  constila* 
cuts  of  the  visual  sulstance ;  that  connected  with  the  sensation  of  black-white  (colorless),  that  with 
Mne-yellow.  and  tfvat  with  rcd-grecn.  All  the  rays  of  the  visible  spcciruni  act  in  disassim Hating  the 
black-whiie  substance,  but  the  different  rays  act  in  dilTfrcnt  degrees.  The  blue-yellow  or  the  red- 
gretrn  sub?stanccs,  on  the  other  hand, are  disassiroilaled  only  by  certain  rays,  some  rays  causing  assimi- 
lation, while  others  arc  inactive.  Mixal  li^ht  appears  colorless  when  it  causes  an  C(|ua!ly  Strang  dis- 
assimiUiion  and  assimilaiion  in  the  t>lueyellow  and  in  (he  red-green  substance,  so  in-ii  the  two 
processes  mutually  antagcnite  each  other,  and  the  action  en  the  black-white  substance  appears  pure. 
Two  objective  kinds  of  light,  which  tc^ether  )Hcld  white,  arc  not  to  be  reganled  as  complementary, 
but  OS  antagonistic,  kinds  of  light,  as  they  do  not  supplement  each  other  to  produce  white,  hut  otUy 
allow  thi.s  to  Bf^^ear  pure,  becau.sc,  being  antagonistic,  they  mutually  prevent  each  other's  action. 

The  imperfection  of  the  Young-Helmholtz  theory  of  color  sensation  U  that  it  recognizes  only  one 
]tind  of  excitability,  excitemcDt  and  fatigue  (corresponding  to  lieting's  disssMmilaiion),  and  that  it 
Ignores  the  antagonistic  relation  of  certain  ligrit  rays  to  the  eye.  It  does  not  regard  white  as  consist- 
ing of  coTn])tcmcntar\'  lij^ht  rays,  which  neutralize  each  other  by  their  action  on  the  colored  visual 
Slthslanc<-,  but  a^  uniting  to  form  white  [///ring). 

r  While  it  suffices  to  explain  a  great  many  of  the  phenomena  of  light  and  color,  t.g.,  the  mixing  of 
icolors  and  Complenirntary  colors,  it  does  not  saiistactorily  explain  contrast  or  color  b)mdiics.<<.  Fick 
Admits  that  it  does  net  explain  the  following  important  fact :  Lvery  ray  of  light,  while  exciting  a  color 
Kcnsalion  if  it  fills  on  a  suHicient  area  of  the  ixislerior  polar  part  of  the  eyeball,  provided  it  acts  on 
■n  extremely  liiniied  pari  of  (he  re(ina,  even  if  it  be  colored  liyht,  produces  a  whitish  impression. 
This  IS  exactly  the  oppuailc  of  wliat  we  slmuld  expect,  \'\i.,  the  sinnllcr  the  area  of  return  acted 
fta,  the  more  readily  bhould  the  particular  nerve  ending  be  excited  and  a  pure  color  sensaliun 
tesih.] 

In  applying  this  theory  to  color  blindness  (§  397).  we  must  atstime  that 
those  who  are  red  blind  want  llie  retl-grexn  visual  substance;  there  are  but  two 
partial  spectra  in  their  solar  s])ectnim,  the  black-white  and  the  vejlow-blue.  The 
position  of  green  a]>pear>  to  such  an  unc  to  be  colorless  ;  the  raj-s  oFiTie  red  part 
of  the  spectrum  are  visible,  so  far  as  the  sensilion  of  yellow  and  white  produced 
by  these  rays  is  strong  enough  to  excite  ihe  retina.  Hering  divides  his  spectrum 
into  a  yellow  and  a  blue  half.  A  violet-blind  person  wants  the  yullow-blue  visual 
substance ;  in  his  spectrum  there  arc  iinly  two  partial  spectra,  the  black-white  and 
the   red-green.     In  cases  of  complete  color  blindness,  the  yellow-blue  and 
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red-green  subslances  are  absent.  Hence,  such  a  person  has  only  the  sensation  of 
bright  and  dark.  Tlie  sensibility  to  light  and  the  length  of  the  spectrum  arc  re* 
tained ;  the  brightest  part  in  this  case,  as  in  the  normal  eye,  is  in  the  ydiom 
{Jffn'ng). 

397.  COLOR  BLINDNESS  AND  ITS  PRACTICAL  IMPORT- 
ANCE. — Causes. — By  the  term  color  blindness  idyschromatopsy i  i^. 
meant  a  pathological  condition  in  which  some  individuals  are  unable  to  distinguish 
certain  colors.  Huddart  (1777)  wa'>  acquainted  with  the  condition,  but  it  irat  firrt 
accurately  described  by  E)aUon  (1794),  who  himself  was  red  blind.  The  tenn 
color  blindness  was  given  to  it  by  Brewster. 

The  supponen  of  the  Young- Helmbolu  theory  assume  ihtt,  correspoodiag  to  the  panijwo/  ihc 
three  oolor  perceiving  elements  of  the  retina,  ihere  ore  the  fullowhig  kinds  of  color  blindaeM ;        ~ 

t.  Red  blindness.       2.  Qreen  btindness.      3.  Violet  blindness. 
The  highest  de^ee  being  termed  complete  color  blindness. 

The  supporters  of  E.  Heriiig'^  tlicory  of  color  (wnwliun  distinguish  the  following  kindl : — 

I.  Co^pleie  Color  Blindness  (AchromatopBy). — The  spectrum  appe>r»  achrmnaiic;  tke 
poMtioi)  of  ihc  grecnisli-ycllow  is  ihe  biiyhtcst,  while  it  is  darker  on  both  tides  of  it,  A  coloscd  pr- 
rare  appears  like  a  photograph  or  an  engraring.  Occaaionally  the  different  degrees  of  light  itfeoiil; 
are  perceived  in  one  shade  of  color,  e.  g.,  yellow,  which  cannot  )>e  compared  with  any  olber  ookr. 
O.  Ucckcr  and  v.  Hippel  observed  cases  of  unilateral  congeoital  f  otnpleie  ccUor  blindness,  while  the 
other  eye  was  nnrmal  for  color  perception. 

3.  Blue*yellow  blindness. — The  spectrum  is  dichroTiiatic,  and  consists  only  of  red  snd  cn«. 
The  blueviolci  end  of  tlie  spectrum  is  usually  greatly  shortened.  In  pure  cases  only  the  red  od 
green  ate  correctly  distinguishe<l  (Mjuthno-'s  erythrochtoropy),  but  not  the  other  colon.  UoibSxn] 
cases  have  beer  observed. 

3.  Red-green  Blindness. — The  spectrum  is  also  dichromatic.  Yellow  and  blue  arecomcdj 
distin^ui-shed  ;  viulet  and  blue  ore  loth  taken  for  blue.  Tli?  A?nsaltons  for  red  and  ereen  an  afaMri 
altogether.  There  are  severol  forms  of  this — {a\  Green  blindness,  or  the  red-^^en  btimftiea, 
with  unditninUhed  spectrum  (Mautlmer'.<^  xanthokyanopy),  in  which  bright  green  and  ilark  red  m 
coDibunded.  In  the  spectrum  yellow  abuts  directly  on  blue,  or  between  the  two,  at  mo*t  lherri*i 
strip  of  gray.  The  mixiinum  of  brightness  is  in  the  yellow.  It  \%  oRcii  unilalera]  and  uficn  bCRifi- 
tiry.  {Ji\  Red  blindness  (or  the  rr«l-green  blindnns  with  undiminished  spectrum,  also  oOd 
Daltonism  J,  in  which  bright  red  and  dark  green  arc  confounded.  The  s^<cctnim  condats  of  ydlv* 
and  blue,  but  the  vi^llow  lies  in  the  orange.  The  red  end  of  the  spectrum  is  uncolored,  <w  even  dak. 
The  grt?ntesi  brightness,  iis  well  as  the  limit  between  yellow  and  blue,  )ie^  more  toward  the  right 

4.  Incomplete  color  blindness,  or  a  dimim.<thed  color  xcnsc,  indicates  the  condJtioa  in  whic4  the 
acuteness  of  color  perception  is  diminished,  so  that  the  colors  can  be  detected  only  in  laige  otfecb, 
or  only  when  they  are  near,  and  when  Ihcy  are  mixed  with  white  they  no  longer  apjicar  as  nch.  A 
certain  decree  of  this  fjrm  is  frequent,  in  as  far  as  many  persons  are  tmable  to  dislmguish  grecdib- 
blue  frotiiDluish. green. 

Acquired  color  blindness  occurs  in  diseases  of  ihe  retina  and  atrophy  of  the  optic  item  11 
commencing  tabes,  in  some  forms  of  cerebral  disease  (p.  763),  ai\d  inioxicalions.  At  iint  frccA* 
blindness  occurs,  which  is  soon  followed  by  ri»l  blindness.  The  peripheral  sone  of  the  reta» 
sulfcn  sooner  than  the  ceniral  area.  In  hysterical  persons  there  may  Ix  intermittent  attacks  0^  color 
blindness  {Charcof);  and  the  same  occurs  in  bypnotited  persons  (p.  7j6). 

H.  Cohn  found  that,  on  heating  the  eyeball  of  .some  color  blind  persons,  the  color  blindso* 
disappeared  temporarily.  Occasionally  in  persons  without  a  lens  red  rtsion  is  present,  and  b  duetD 
unknown  causes.  Percentage. — Holmj^ren  fotmd  that  2.7  per  cent,  of  persons  were  color  Wad, 
most  being  red  and  f^rten  blind,  and  very  few  violet  blind. 

I^imits  of  Normal  Color  Blindness. — The  investigations  on  the  power  of  color  jjcrceptioft  ia 
the  normal  retina  we  best  carried  out  by  means  of  Aultcrt-Fflrster's  perimeter,  or  that  of  M'HanJf 
(8  395).  ll  i-^  found  that  our  color  ftenepiion  is  <vmpltie  only  in  the  miiidU  0/  tke  fisU  of  riJwa. 
Around  this  is  a  middle  zone,  in  which  only  blue  and  yellow  are  perceived,  in  which,  iheielvt. 
there  is  red  blindness.  Outside  this  zone,  there  is  a  peripheral  girdle,  where  there  is  complete  coki 
blindncsa  ($  395).  Hence  a  red-blind  person  is  distinguished  from  a  person  with  nomial  visiuLU 
that  the  centra!  atcaof  the  normal  lield  of  vision  u  absent  in  the  former,  this  lieUig  rather  indoM 
in  the  middle  tone.  The  Held  of  vision  of  a  greeti-)>liiid  j>cr»on  differs  fn<m  that  of  a  pcrm>n  wsk 
normal  vuiion,  in  that  his  pcriphernl  7one  corresponds  to  (he  intermediate  and  peripheral  zones  of  Ike 
normal  eye.  The  violci-bhnd  [jcfson  is  distinguished  by  the  coinplclc  absence  of  the  iwtmal  pen- 
liberal  zone.  The  incomplete  color  blindness  of  these  two  kinds  is  characieriied  by  a  unifornly 
diminished  central  6eld.  [When  very  intense  colors  are  used,  such  as  those  of  the  solar  1 
the  retina  can  dislii^uish  them  quite  up  to  its  margiu  {^LanJolt)^ 
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In  poisoning  with  santonin,  violet  blindness  (yrl)ow  vi^on)  occnrs  in  consequence  of  the  pa- 
ralysis of  the  violet  perceptive  retinal  elements,  which  not  unrreqncnlly  is  preccUetl  by  *tiinuln- 
tion  of  these  elements,  resuJtmg  in  violet  viMOD,  j'.  <•.,  objects  sccin  to  be  ujKnrcl  violet  [^/Hi/ne''\. 
Soch  is  the  explanatioa  of  this  phenomenon  given  by  Holmgren.  Max  Schultze,  however, 
rcfeiTctl  rhc  yellow  vition,  i.  e..  seeing  objects  yellow,  to  an  increaje  of  the  yellow  pigment  in  the 
niacuin  hitca. 

When  Colored  objects  are  very  small,  and  illuminated  only  for  a  bhort  time,  the  norma]  eye  ^tA 
fails  lo  perceive  red  (--//M^ri') ;  hence,  it  appears  that  a  -itrongcr  stimulus  is  rciiuircd  to  excite  the 
iRcnsaltun  of  red.  Brticke  found  that  very  rapidly  inlennittent  white  light  i;-  perceived  as  green, 
Tbecaose  the  short  duraiion  of  the  stimulation  ixWi.  lo  eicite  ihe  elements  of  the  retina  connected  with 
the  sensation  of  red. 

[The  practical  importance  of  color  blindness  was  pointed  out  by  George  Wilson,  and  again 
more  recently  by  llotmi;ren.]  No  person  should  be  employed  in  the  marine  or  railway  service  until 
be  hB.s  been  properly  certified  as  able  in  distinguish  red  from  green. 

Methods  of  Testing  Color  Blindness. — t-ollowing  Seinxck,  Holmgren  uccd  small  skeins  of 
colored  wools  as  the  simplest  material,  iu  red,  orange,  yellow,  greenish<yellow,  green,  greenish- 
blue,  blue,  violet,  purjjle,  rose,  brown,  gray.  There  are  ttve  finely  grmlualcd  shades  of  each  of  the 
above  colors.  When  testing  a  person,  select  only  one  skein — '■a'.,  a  bnght  red  or  rose — from  the 
mass  of  colored  wooIr  placed  in  front  of  him,  ami  place  it  aiiide,  Asking  him  to  seek  nut  those  skeins 
which  hesupposes  arc  nearest  to  ii  in  color. 

Mac6  anil  Nacali  have  mcajiurcd  the  acutencM  of  vision  by  illuminallng  a  small  object  wi(h  differ- 
ent parts  of  the  »pecmim.  They  compared  the  obserrattons  on  red-  and  gnf  en-blind  persons  with 
their  own  raulls.  snd  found  tliat  a  ted-blind  perMin  perceives  green  light  as  much  brighter  than  it 
appears  lo  a  normal  person.  The  green-blind  hod  an  exceistve  sensiUlity  for  red  and  violet.  It 
upeaia  that  what  the  color  blind  lo>e  in  perceptive  power  for  one  color  they  gain  for  another. 
They  have  also  a  keen  sense  for  variations  in  brightness. 

398.  STIMULATION  OF  THE  RETINA.— .\s  with  every  other  ner- 
vous apparatus,  a  certain  but  determinable  lime  elapses  after  the  rays  of  light  fall 
upon  the  eye  before  the  action  of  the  light  takes  place,  whether  the  light  acts  so  as 
to  produce  a  conscious  iiupression,  or  produces  merely  a  reflex  effect  upon  the 
pupil.  The  sttemrth  of  the  impression  produced  depends  partly  ami  chiefiy  upon 
the  excitability  of  the  retina  and  the  other  nervous  structures.  If  the  light  acts  for 
a  long  time  with  equal  intensity,  the  excitation,  after  having  reached  its  culminat- 
ing point,  rapidly  diminishes  again,  at  first 
more  rapidly,  and  afterward  more  and  more 
slowly. 

[When  the  retina  is  stimulated  by 
light,  there  is  (1;  an  effect  on  the  rhodopsin 
(p.  790).  fa)  The  electro-motive  force  is 
diminished  (§  332)--  (3)  The  processes  of 
the  hexagonal  pigmeni  tells  of  the  retina 
dipping  between  the  rods  and  cones  are 
affected  ;  ihus  they  are  retracted  in  darkness, 
and  prolnided  in  the  light  (Fig.  563).  (4) 
Kngelmann  has  shown  that  the  length  and 
shape  of  the  cones  vary  with  the  action  of 
light.  The  cones  are  retracted  in  darkness 
and  prolruded  under  the  influence  of  light 
(Fig.  563).  This  alteration  in  the  shape  of 
the  cones  takes  place  even  if  the  light  acts 
on  the  skin,  and  not  on  the  eyeball  at  all.] 

After-images. — If  the  light  acts  un  the 
eye  for  some  time  so  as  to  excite  the  retina, 
and  if  it  be  suddenly  withheld,  ihc  retina  siill  remains  for  some  time  in  an  excited 
condition,  which  is  more  intense  and  lasts  longer,  the  stronger  and  the  longer  the 
light  may  have  been  ap])hed,  and  the  more  excitable  the  condition  of  the  retina. 
Thus,  after  every  visual  perception,  especially  if  it  is  very  distinct  and  briglit,  there 
remains  a  so-called  "  afUrimagfJ"  We  distinguish  a  ** positive  after-image." 
which  is  an  image  of  similar  brightness,  and  a  similar  color. 


I.  Fk;.  563. 


7'ttc  coiiei  of  ih':  ri:iin:i  Knd  pigment  cclU  (uF  ihc 
froSi  i»  ulT<ccteil  by  tight  and  darktic^t;  ■ 
aficf  two  ci.\yt  In  darkncu ;  9.  kficr  ten 
mlDutn  in  dayttgtit. 
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'*  That  the  impression  of  Buy  picture  remains  for  some  time  npon  the  eye  U  ■  ptiywilofiaJ  i 
nomenon ;  when  such  an  imprc^iion  can  be  kcq  for  a  lonf;  time,  it  l<e  livlociciL 

weaker  the  eye  is,  the  longer  the  imnge  remnins  upon  it.  The  retina  dot*  n<  '  -cU  to  ^oicUf. 

and  we  may  rrgard  the  action  as  a  Icind  of  pArnly^is.  This  Ls  not  to  be  H..ir.cr<.^i  ..t  m  the  cmc  o^ 
daziliiig  pictures.  After  looking  at  the  sun,  the  image  may  remain  on  the  retina  for  »e*enl  dijt  .* 
Himitar  result  MJiiicUmcs  occurs  \uth  piciiitc^  M'hich  nre  not  tia/rling.  DuMzh  rcocuds  that  tlic  tsqm 
sion  of  an  engravinu.  with  nil  its  ficlails,  remained  on  hi*  eye  for  17  minutes"  (CwfAe). 

Experiments  and  Apparatus  for  Positive  After-lroa^s. —  1.  When  a  biirnnig  Kick  i»  taptdJr 
rotated,  it  ap|)c«rs  as  a  lifry  yjft'lf!- 

2.  The  pbanakistoscope  (Z'/a/rau)  or  the  stroboscopic  dnkn  (S/amfi/rr),  Upnaad>ik,M 
cylinder,  a  Kries  of  objects  is  !io  depicted  that  succcMive  drawint^  rcpresient  individual  faaon  d 
one  continuoDs  movement.  C>n  loolting  throu{;h  an  opcoing  at  such  n  diBk  notatcil  rapMly,  «c  *tt 
|uctures  of  the  different  phases  moving  so  quickly  that  each  rapidly  fallows  the  one  in  frtnl  «f  it. 
As  the  impre^inn  n(  ihe  one  picture  remains  until  the  following  one  takes  its  place,  it  huthf  ■pfMV 
ance  as  if  the  successive  phases  of  the  movement  were  contmuous  and  one  and  theiaaefigBR 
The  apparatus  under  the  name  of  xoetrope,  which  is  extensively  u^  as  a  toy,  19  ifcnrnttty  ttaied  u 
have  1>een  invented  in  1832.  It  was  described  by  Cardanus  in  iSSo.  It  may  be  used  to  trpnam 
certain  movements,  ^.^.,  of  the  spermatozoa,  and  ciliary  motion,  the  movements  of  the  bean  aid 
those  of  locomotion. 

3.  The  color  top  contains  on  the  sectors  of  its  disk  the  colon  which  arc  to  be  lobted.  Aj  tkr 
color  of  each  sector  k-ave»  a  cundiiion  of  excitation  for  the  whole  duration  of  a  revolutioa,  all  ik 
colorr  must  t>e  perceived  simultaneously,  r.  e.,  as  a  mixed  color. 

flllusioDS  of  Motion. — Stivanus  T.  ThompNon  |>oint5  out  that  if  a  «eriei  of  concentric  einla 
in  olnck  and  white  be  made  on  pfli^er,  and  ihe  sheet  on  which  the  circles  are  drawn  be  nuved  «itk 
s  motion,  as  if  one  were  rinsing  out  a  pail,  but  with  a  very  minute  radius,  then  all  the  circle*  a|i9Mr 
to  rotate  with  the  same  angular  velocity  as  that  imparted.  Profe*4or  Thompson  bos  contnved  otki 
forms  of  this  illu>>ie>n,  in  the  form  ni  atrobic  disks.] 

Negative  After-images. — Occasionally,  when  (he  siimulaiion  of  the  rciiu 
is  strong  and  very  intense,  a  "  negative,"  instead  of  a  positive  after-iniage,  appcan- 
In  a  negative  af\er-iniage,  ihe  bright  parts  of  the  object  appear  dark^  and  tbe/tfiSmij 
parts  in  corresponding  contrast  colors  (p.  824). 

Exanaples  of  Negative  After-lnnages. — After  lookiag  for  a  long  time  at  a  daulixlT  * 
nated  white  window,  on  closing  the  eyes  we  have  the  impression  of  a  bright  cross,  or  eroaaei^  1 
case  may  be,  with  dark  panes. 

Negative  colored  aftcr-imnges  are  l>eauiirnlly  shown  by  NArrenberg's  apparatus.  Look  rindOy* 
a  colored  surface,  e.  .t,'.,  a  yellow  board  with  a  small  blue  square  attached  to  the  cenirv  of  ii*«arfiiK' 
A  while  screen  is  allowed  to  fall  xuddrnly  in  front  of  the  lioard — the  white  Mirfacc  now  haa  a  iituk 
appearance,  with  a  yellow  »qture  in  its  centre. 

The  titual  explanation  uf  dark  negative  after-imagea  i%  tliat  the  retinal  elements  are  latigatd  I? 
the  lightt  so  thai  for  some  time  ihey  l>ecome  less  excitable,  and  consequently  light  is  but  feebly  per- 
ceived in  the  corres|x>ndiDg  areas  of  the  retina ;  hence,  darkness  prevails. 

Hering  explains  the  dark  afleriirugcs  at  due  to  b  process  of  assonilalion  in  tlie  black-while  vioal 
substance.  In  explaming  (otoreJ  alter  images,  the  Vuun^-Hclmholtr  theory  auumc>  ihai.  uadtribe 
action  of  the  light  waves,  e.  x'.,  red,  the  retinal  elements  connected  with  the  perception  of  thii  Owa 
are  paral)-zed.  <_>n  now  looking  Atiddenly  on  a  white  surface,  the  miitunc  of  all  (he  colon  apfmn 
a.4  white  miHux  red,  i.f.,  the  white  ap|KarA  ^e^n.  In  bright  daylight  the  conlra.st  color  lies  itr> 
near  the  complementary  color.  According  to  llering,  the  contrast  after-image  is  explained  br  iW 
assimiUtiuii  of  the  corresponding  colored  vUnal  substance,  in  this  case,  of  the  ■'  red-green  "  {\yfl^ 
From  the  cuuunencemeni  of  a  momentary  illumination  until  the  appearance  of  an  after-iiiu2c,a^ 
lec.  elapses  (:'.  i'inisih^au  nnJ  Lusfi^').  ~ 

Not  unfretiucntly,  after  intense  stimulation  of  the  retina,  positive  and  n^airf 
after-images  alternate  with  each  other  until  they  gradually  fuse.  After  looking  *i 
the  dark-red  setting  sun  we  see  alternate  disks  of  red  and  green. 

The  phcnoincna  of  tuiUrast  undergo  some  modification  in  the  {jeriphenil  areas  of 
the  retina,  owing  to  the  [urtiai  color  blindness  which  occurs  in  these  areu  (^^ 
miick  tinti  Woinoui). 

Irradiation  is  the  term  applied  to  certain  phenomena  where  wc  form  a 
cstniKttc  uf  \  isual  impressions,  owing  to  inexact  accommoiiation.     If,  from  ine 
accommodation,  the  margins  of  the  object  are  projected  upon  the  retina  in  diflTuud 
circles,  the  mind   tends  to  add  the  undefined  margin   to  those  part*  of  the  vk 
image  which  are  most  prominent  in  the  image  itself.     What  is  M^A/ appcan  I 
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and  overcomes  what  is  dark,  while  an  object,  without  reference  to  brightness  or 
color,  has  the  same  relation  to  its  background  [Fig.  564).  When  the  a<:commoda- 
tion  is  c|uite  accurate,  the  phenomenon  of  irradiauon  is  not  prc^>ent.  [On  looking 
at  Fig.  565  from  a  distance,  ihe  white  squares  appear  larger  and  as  if  they  were 
united  by  a  white  band.] 

"  A  dark  object  appears  agmller  than  a  bright  one  of  the  same  size.  On  looking  at  the  same  lime 
from  a  certain  rtistancer  m  two  circles  of  the  same  sue,  a  M'hrte  one  on  a  black  nackyround,  an^l  a 
block  on  a  while  liackground,  we  estimnte  the  latter  to  be  about  ouc-liftb  less  lliaii  the  former  (Fic- 
564).  On  making  the  black  circle  one-fifth  larger  ihcy  will  appear  equal.  Tycliu  dc  IJrahL*  reniark.i 
that  the  moon,  when  in  conjunction  (dark),  appears  lo  I>e  one-tifth  .smaller  than  in  oppo*>tlioti  (full, 
blight).  The  6rsl  lunar  crescent  ap])cars  lo  lielong  lo  a  larger  disk  tlun  Ihe  dark  one  adjoining  it, 
which  can  occaaionally  be  distinguished  at  the  time  of  the  new  light.  Ulnck  clothes  make  persons 
appear  to  \xt  much  smaller  than  liKht  clothes.  A  light  &ccn  lieliiiid  a  margin  gives  the  appearance 
of  a  cut  in  the  mnrgin.  A  ruler,  Twhind  which  is  placed  a  Hghled  candle.  ap[>ears  lo  the  oljserver 
to  have  a  notch  in  it.  The  sun,  when  rising  and  setting,  appears  lo  make  a  depression  in  the 
hoiizon  ■'  {Gcetht). 

[Contrast, — The  fundamental  phenomena  are  such  as  these,  that  a  bright  object 
looks  brighter  surrounded  by  objects  darker  than  it.self ;  and  darker  with  surround- 
ings brighter  than  itself.  There  may  be  contrasts  either  with  bright  or  dark  objects 
or  with  colored  ones.] 
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Simultaneous  Contrast. — By  this  term  is  meant  a  phenomenon  like  the  fol- 
lowing: When  bright  and  tiark  parts  are  present  in  a  picture  at  the  same  time, 
the  bright  (whitej  parts  always  appear  to  be  more  intensely  bright  the  less  white 
there  is  near  them,  or,  what  is  the  same  thing,  the  darker  the  surroundings,  and. 
conversely,  they  apjKrar  less  bright  the  more  white  tints  ih;it  are  present  near  them. 

■  A  similar  phenomenon  occurs  with  colored  pictures.     A  color  in  a  picture  appears 

■  to  us  to  be  more  intense  the  less  of  this  color  there  is  in  the  adjoining  parts,  that 
is,  the  more  the  surroundings  resemble  the  tints  of  the  contrast  color.  Simul- 
taneous contrast  arises  from  simultaneous  imprcs-stons  occurring  in  two  adjoining 
and  different  parts  of  the  retina. 

Examples  of  Contrast  for  Bright  and  Dark. — i.  Look  at  a  white  network  on  a  black  ground  ; 
the  parts  where  llie  white  lines  intersect  appear  darker,  because  there  is  lea."*l  black  near  ihcm. 

3.  Look  at  a  point  of  a  '•mnll  strip  of  dark  gray  paper  in  front  of  a  dark  black  background.  Push 
•  large  piece  of  wliite  paper  between  the  strip  aiid  the  background:  the  strip  on  the  while  ground 
now  appears  to  be  tnucli  darker  than  l>crore.  On  again  removing  the  white  paper,  the  strip  at  once 
again  appears  bright  {Ht*inji\. 

3.  Look  with  UJih  eyes  toward  a  grayish-white  surface,  f.  g.,  the  ceiling  of  a  room.  After  gtutng 
for  .some  lime,  place  in  front  of  the  eye  a  \iix{kjl  X\\\k  eight  inches  long,  and  an  inch  lo  an  inch  and  a 
quarter  in  diameter,  blackened  in  the  inaide.  Ilic  part  of  the  cuiliug  vxu  through  the  lube  appears 
as  a  roond  white  spot  {Lantt^is). 
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Example*  for  Colora. — i.  Piocr  a  piece  of  gray  paper  on  a  red.  yellow,  or  Mue  girawMl;  tfM 
contrast  colon  appear  at  once,  vi/..,  green,  blue,  or  yellow.  The  pbcnoiaciion  U  nude  «ull  aien 
di«inct  by  covering  the  whole  with  transparent  tracing  paper  {^Hfrm.  Shyer),  tmler  unllar  cir- 
cumstance <i,  printed  matter  on  a  C(^>lored  ground  appears  in  its  complcinenlar}'  color  (  '(".  r.  Bntl^. 

a.  An  air  hnbbte  in  the  stron;>ly  tinged  tteld  of  vuion  of  a  thick  roicroKOipical  prepamlloa  a{ifiean 
with  lUJ  intense  contrast  color  {l-ant/cij). 

3.  Piuie  Tour  green  iiectots  upon  a  rotatory  wliilc  disk,  leave  a  ring  rnunr]  the  centre  of  the  duk 
uncovcretl  by  green,  and  cover  it  wiib  a  black  irfrip.  On  rotating  sucb  a  dnk  the  black  part  appean 
red  and  not  gray  {Briitke). 

4.  Look  with  both  eyes  toward  a  grayish-white  surface,  and  place  hi  front  of  one  eye  s  mbeabod 
the  length  and  breadth  of  a  6ngcr,  composed  of  immiparcnt  oiled  paper,  gummed  together  to  wcli 
thickness  as  will  permit  light  lo  pass  through  its  walls.  The  part  of  tite  surface  seen  through  ih'- 
lulte  appears  in  its  contraKt  color.  The  experiment  alio  sliows  the  contrast  in  Die  intenMty  uf  the 
illumination  (/.onJoit).  A  white  piece  of  |>aper,  with  a  round  blnck  spot  in  it4  centre,  when  Inoltiil 
at  through  a  blue  ^\ass  appears  blue  with  a  black  spot.  If  a  whtte  spot  of  the  «ame  sue  on  a  trUcft 
ground  be  placed  in  front,  so  that  it  is  reflecied  in  the  glass  plate  and  just  cover*  the  black  ipX,  e 
shows  the  contrast  color  yellow  {fia^ona  Sdna). 

5.  The  colored  abadows  also  belrmg  to  the  group  of  umuhaneous  contrasts.  "  Two  coaditkns 
are  necessary  for  the  pmduciion  of  colored  shadow-* — firstly,  that  the  light  gives  some  kind  nf  a  oulor 
to  the  while  surface:  second,  thnt  the  shadow  it  illunimaicd,  to  a  ccnam  extent,  by  anatbtr  tiibL 
During  the  twilight,  place  a  short  lighted  candle  on  a  white  surface.  I>etwcvn  it  an^l  the  Guiing  oif 
light  hold  a  pencil  venically,  so  that  the  shadow  thrown  by  ihe  candle  is  illuminated,  but  not  abol- 
ished by  the  feeble  daylight ;  the  shadow  appears  of  a  beauliful  biy/.  The  blue  shadow  is  tw'\y 
seen,  but  it  requires  a  liitlc  attention  to  observe  that  the  white  paper  acts  like  a  reddish-yellov  nr- 
facc,  whereby  the  blue  color  apparent  to  ibe  eye  is  improved.  One  of  the  most  beautiful  cites  of 
colored  shadows  is  seen  in  cunnection  with  the  full  in<xin.  The  light  of  the  candle  and  that  M  l^ 
moon  can  be  completely  e'^ualijicd.  tioih  shadows  CAn  be  obtained  of  equal  strength  and  dudad- 
ness,  so  that  b<->th  colors  are  completely  tmlancod.  Place  the  plate  opposite  the  light  of  (he  msm, 
the  lighted  candle  a  little  to  one  side  at  a  suitable  distance.  In  front  of  the  pXaic  bold  an  opai}BC 
body,  when  a  double  i^badow  appears,  the  one  thrown  by  the  m'jcm  and  Iighr1^1  by  the  candle  betnf 
bright  reddish-yellow;  and,  conversely,  ihc  one  thrown  by  Ihe  candle  and  lighted  by  the  moon 
appears  of  a  bcAutiftil  blue.     Where  the  two  shadows  come  together  and  unite  is  block  "  (G-Hfif\ 

6.  "  Take  a  pinle  of  green  gloss  of  considerable  thickness  and  hold  it  so  as  to  get  the  bar*  of  1 
window  rellecte>l  in  it,  (lie  bars  will  t>c  seen  tloublc,  tbc  image  formed  by  the  under  surface  of  tbe 
glass  being  green„  while  ibc  image  coming  from  ihc  under  surface  of  the  gla.w,  and  which  c«i^ta 
really  lo  be  colorless,  appears  to  be  purple.  The  experiment  may  be  performed  with  a  vessel  kIW 
with  water,  with  a  mirror  at  its  ba&c.  With  pure  water  colorless  images  are  ob(«ncd,  while  I7 
coloring  the  water  colored  ima^jes  are  produced"  (C-VMc). 

Exp  Ian  al  ion__Qf  Contraat. — Some  of  the^  phennmena  may  be  explained  as  due  to  an  imv  tk 
juagmVdt.^^  During  the  simultancnus  action  of  several  impressions,  the  judgment  em,  m  tiiil  wfaa 
an  eiTect  occurs  at  one  place,  ibis  acts  to  the  slightest  extent  in  the  neighL>onng  p«ula.  ^V'bm,  tll^^ 
fore,  brightness  acts  upon  a  part  of  the  reiinn,  the  judgment  ascribes  ihe  smallest  poisiblc  aciiciaatf 
the  brightness  to  the  adjoining  parts  of  the  retina.  It  is  the  same  with  colon.  It  is  fir  ncn 
probable  that  the  phenomena  arc  lo  be  referred  lo  actual  physio loi;ical  pmceucs  yfferins^-  Piniil 
Uimuhihn  with  tighf  affeeti  not  only  the  part  to  itdfJ  *»«,  hut  olif  ihe  swroHH'fi"  -  -""  '  '** 
retina  (p.  827);  the  part  directly  excited  undergoing  increased  Jitttsiimtlnrion, iYic  (n- 
laled)  adjoining  area  undergoing  inctvti^ed  atiitfti/a/icm  :  the  increase  nf  Ihe  laiiw  i-  ,.  '"< 

immediate  ntighlwrhootl  of  the  illuminated  portion,  and  rapidly  diminishes  as  the  dtstnnrc  inmu 
increases.  By  the  Increase  of  the  assimilation  in  tho<ic  parts  not  acted  on  by  the  image  of  the  o^^. 
this  i>  prevented,  so  that  the  diffused  light  is  perceived.  The  increase  of  the  a^simiUlion  in  the 
immediate  neighborhood  of  ihc  illuminatird  .s|>a(  U  greaies*.  so  that  the  perception  of  thi«  relaltrclr 
stronger  different  light  is  largely  rcmlered  ImtKwsibIc  (//frim^). 

[llelmhollz  thus  uscrilied  the  phenomena  uf  cuntrxst  tu  psychical  cotidilions.  i.  f.,  erron  of  Isd^ 
roent,  but  thb  explanation  is  certainly  not  complete.  A  far  more  satisfactory  H>Iut>on  of  the  pooloi 
is  thnt  of  Ilermg,  that  stimulation  of  one  part  of  ihe  retina  affects  Ihe  condition  of  adjoin^  p0Ck 
tf  a  white  disk  on  n  black  background  l^e  looked  at  for  a  tim'^,  and  then  the  eyes  be  dosed,  a  Mfk" 
tivc  after-image  of  the  disk  appears,  but  it  is  darker  and  blacker  ihon  the  visual  area,  and  it  but 
light  nreo  around,  brightest  clo^c  lo  ihe  di->li,  /.  /.,  the  aJjaccnt  part  of  ibe  retina  »  affected.  Tbb 
fftrlng  hfls  called  successive  light  induction.] 

Successive  Contrast.— Ixiok  for  a  long  time  al  a  dark  or  bright  ot^ect,  or  at  a  colored  ('.f^ 
red)  one,  on^l  then  allow  the  effect  of  the  contmsC  lo  occur  on  the  retina,  /.  e  ,  with  referenoc  to  tkr 
altove,  bnghi  and  dark,  or  the  contrast  color  green,  then  these  become  very  intense.  This  |Ar 
Qomenon  has  also  been  called  "lucressive  (ontratl."  In  this  case  the  negative  after  tmagtt obviaaif? 
pbm  a  pari. 

[Some  drugs  cause  subjective  viAual  sensations,  but  these  do  so  by  acting  on  the  braai,  /.  /.,  ik^ 
hoi,  as  in  delirium  tremena,  cinnabis  indica,  sodic  salicylate, and  large  doses  of  digiialii  yBrw»um)\ 
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399.  MOVEMENTS  OF  THE  EYEBALLS— EYE  MUSCLES.— 

The  globular  eyeball  is  capable  of  extensive  and  free  movement  on  the  corres- 
pondingly excavated  fatly  pad  of  the  orbit,  just  like  the  head  of  a  long  bone  in 
the  corresponding  socket  of  a  freely  movable  arthrodial  joint.  The  movements 
of  the  eyeball,  however,  are  limited  by  certain  conditions,  by  the  mode  in  which 
the  eye  muscles  are  attached  to  it.  Thus,  when  one  muscle  contracts,  its  antago- 
nistic muscle  acts  like  a  bridle,  and  so  limits  the  movement ;  the  movements  are 
also  limited  by  the  insertion  of  the  optic  nerve.  The  soft  elastic  pad  of  the  orbit 
en  which  the  eyeball  rests  is  itself  subject  to  be  moved  forward  or  backward,  so 
Shat  the  eyeball  also  must  jwrticipate  in  these  movements. 

'  Protrusion  of  the  eyeball  takes  place — t.  By  ccngefitioii  of  the  blood  vessel.*;,  especially  of  the 
*ems  in  the  orbit,  such  as  occurs  when  the  overflow  of  the  venous  Wood  from  the  head  i*  interfered 
With,  as  in  cues  of  hanging.  2.  By  contractioD  uf  the  smooth  muscular  tihrca  in  Tenon's  capsule, 
in  the  Apheno-nuwillary  fosure,  atvA  in  the  eyelids  (J  4O4},  whicli  are  innervated  by  the  cervical 
^rmpaiheiic  nerve.  3.  Hy  voluntary  forced  opening  of  the  pulpcbrol  fissure,  whereby  the  pressure 
«f  the  eyelids  acting  on  the  eyeball  ts  diminished.  4.  By  the  nction  of  the  obliijue  muscles,  which 
act  by  puiliug  the  eyeball  inward  and  fwward  If  the  superior  oblique  be  contracted  when  the  eye- 
lids are  furcibly  o]Jt-'neti,  the  cyeboll  may  be  protruded  alxiut  1  mm.  When  protrusion  of  the  eyeluUl 
occurs  pathologicnliy  [ns  in  i  and  2),  the  condition  is  cnlle^l  exophthalmos. 

I  Retraction  of  the  eyeball  is  the  op^xjsite  condition,  and  is  caused—  I.  By  closing  the  eyelids 
forcibly.  7.  By  at:  empty  condition  of  the  retro-buHmr  Hood  vcwoh,  diminisiicd  succulence,  or  dis- 
appearance of  the  tissue  of  the  orbit.  3.  Section  of  the  cervical  f»ympathelic  in  dogs  causes  the  eye- 
ball to  sink  somewhat  in  Ihe  orbit  The  xmoaih  muscular  fibres  of  Tenon's  capsule  are  perhaps 
antagonistic  in  their  action  lo  the  four  recti  when  acting  together,  and  thus  prevent  the  eyeball  from 
being  lirawn  too  far  bAckward.  Many  animals  huve  a  special  rttraitor  bulbi  muscle,  a,^'.,  amphilti- 
jjis,  re|)iiles,  and  many  mammals;  the  ruminants  have  four.  « 

The  movements  of  the  eyes  are  almost  always  accompanied  by  similar  move- 
ments of  the  head,  chiefly  on  looking  upward,  less  so  on  looking  laterally,  and 
least  of  all  when  looking  downward. 

t  The  difficult  investigations  on  the  movements  of  the  eyebfdU  have  been  carried  oot,  espcdally  by 
JJsting,  Meissncr,  Helmhoh/,  Dondcrs,  A.  Fick,  oml  E.  Hering. 

j  Axes.— .All  the  movements  uf  the  eyeljoll  take  place  round  its  point  of  rotation  (Fig.  566,  O), 
which  lies  1. 77  mm.  iwhind  the  centre  of  ihc  visual  axis,  or  10.957  mm.  from  the  vertex  of  the 
nornea  {DonUfn').  In  order  to  determine  more  carefully  the  movements  of  the  eyeball,  It  is  neces- 
sary to  have  certain  deBnile  dat.i :  1.  The  visual  axis  (S,  S,),  or  the  antero-[.Kistrriur  ■xi'^  of  the 
eyeball,  unites  the  point  of  rotation  with  the  fovea  centralis,  and  is  continued  straight  forw;ird  to  the 
vertex  of  the  cornea.  2.  The  transverse,  or  horizontal  axis  (Q,  Q^),  ts  the  .straight  lin  *  connect- 
ing the  (K)inls  of  rotal  inn  of  Ixw  h  eyes  and  its  Kxtension  outward.  Of  course,  it  is  at  right  angles  to  i, 
3.  The  vertical  axis  posses  vertically  through  the  point  of  rotation  at  right  angles  to  i  and  2. 
These  three  axes  form  a  cofmlinate  system.  Wc  muit  imagine  that  in  the  orbit  there  is  n  tlxed 
Hcterminaie  axial  system,  whose  point  of  intersection  corrcHponds  with  the  point  of  rotation  of  the 
eyeball.  When  the  eye  is  at  rest  (primary  position),  ilie  three  axes  of  the  eyeball  completely  coincide 
wKh  the  three  axes  of  the  coOrriin.itc  system  in  ttie  orbit.  When  the  eyeball,  however,  is  moved, 
two  or  more  a.\a  are  displaced  from  this,  so  that  they  must  form  angles  with  the  fixed  orbital  system. 

Planes  of  Separation. — In  order  to  lie  more  exact,  and  also  partly  fur  further  estimations,  let  us 
■upp>:ise  three  plants  passing  through  the  eyeball,  and  that  their  position  is  secured  by  any  two  axes. 
I.  The  horizontal  plane  of  separation  divides  the  L*yehall  into  an  upper  and  lower  half;  it  is  deter- 
mined by  the  visual  transverse  axis.  In  its  course  through  the  retina  it  forms  the  horizontal  line 
of  separation  of  the  latter ;  the  coat«  of  the  eyeball  itself  cut  it  in  their  horizontal  meridian,  a. 
1'he  vertical  plane  divides  the  eyeball  into  an  inner  nnd  outer  half;  it  is  determined  by  the  vii^ual 
aud  vertical  axes.  It  cuts  the  retina  in  the  vertical  line  of  separation  of  the  latter  and  the  pe- 
riphery of  the  bulb  in  the  vertical  meridian  of  the  eytb.-\ll.  3.  The  equatorial  plane  divides  the 
C}'eba1l  into  on  anterior  and  posterior  half;  its  position  is  determined  by  the  vertical  and  transverse 
pees,  and  it  cuts  the  sclerotic  in  the  equator  of  the  eyeisall.  Tlic  horizunlal  and  vertical  lines  of 
^paration  of  the  retina,  which  intersect  in  the  fovea  centralis,  divide  the  retina  into  four  quadrants. 

In  order  lo  define  more  precisely  the  movements  of  the  eyeball,  v.  Helmholtz  hns  introduced  the 
following  terms:  lie  calls  the  .straight  line  which  connects  the  point  of  rotation  of  the  eye  with  the 
fixed  (wint  in  the  outer  world,  the  visual  line  (**  HIicklinie"),  while  a  plane  parsing  through  these 
lines  in  lioth  eyes  he  called  the  visuni  plumr  ;  the  groumi  Hne  of  this  pUnc  in  the  tine  uniting  the 
iwo  points  of  rotation,  viz  ,  the  transverse  axis  of  the  eyeball.  Suppose  a  sagittal  section  (antero- 
jposterior)  to  be  nude  through  Ihe  head,  so  as  to  divide  the  latter  into  a  right  and  left  half,  then  this 
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plane  would  halve  the  ground  line  of  the  visual  plane,  tnd  vhen  prolong  forward  woaU  I 
the  visual  plane  in  ihe  median  line.  The  visual  point  of  the  eye  can  be  (i)  raised  or  loweml— (I« 
field  which  it  traverses  being  called  iJie  visuol  field  ("  Blickfcld  ") ;  ii  i*  part  of  a  iphcrical  uiDki 
with  the  point  of  roiaiion  of  ihc  eye  in  its  centre.  Proceeding  (rum  the  primary  (KKiiion  of  both 
cjes,  wliicli  is  characterized  by  botli  visual  linex  tjcing  ;virallel  with  each  other  and  horiMnul.thn 
the  elevation  of  the  vi»ua1  plane  can  t>c  determined  by  Ihe  angle  which  thii  furma  with  the  iiiaae  1/ 
the  primary  position.  This  angle  i«.  colled  the  d«f//  o/  flevaiiflH — it  is  poihiTe  when  the  nw»l 
plane  is  raistd  (to  the  forehead),  nnd  □cf;Hiive  when  it  19  lowered  (chinward).  (2)  Krocn  ibc  pn- 
mary  position,  the  visual  line  can  Ix  larnc^l  lalcrally  in  Ihc  visual  plane.  'I'he  extent  of  thia  l«i<nj 
deviation  \s  measured  by  the  angle  of  lateral  rotation,  1.  r.,  by  the  angle  which  the  visu^  Itoe 
forms  with  Ihc  median  line  of  the  visual  [^>!nnc;  it  is  said  to  be  positive  when  the  posterior  pan  of 
the  visual  line  is  tunicd  to  the  hgtit,  negative  when  to  the  left.  'Ihe  following  are  the  pontiooi  of  4m 
eyettalt : — 

1.  Primary  position  [or  "position  of  rest"],  in  which  both  the  lines  of 
vision  .ire  parallel  with  each  other,  and  the  visual  planes  are  horizontal.  TTic  thrw 
axes  of  the  eyeball  coincide  with  the  three  fixed  axes  of  the  coordinate  sy&tcm  in 
the  orbil. 

2.  Secondary  positions  are  due  to  movements  of  the  eye  from  the  pHnar^ 
position.  There  are  two  different  varieties — {a)  where  the  visual  lines  are  parallel, 
but  arc  directed  upward  ox  doivrnvard.  The  transverse  axis  of  both  eyes  renuiitf 
the  same  as  in  the  primary  position  ;  the  deviations  of  the  other  two  axes  exprcascd 
by  the  amount  of  the  angle  of  elevation  of  the  line  of  vision.  (^)  The  second 
variety  of  the  secondary  position  is  produced  by  the  cotwergenct  or  divergena  of 
the  lines  of  vision.  In  this  variety  the  vertical  axis,  round  which  the  lateral  roU- 
tion  takes  place,  remains  as  in  the  primary  position;  the  other  axes  form  angles; 
the  amount  of  the  deviation  is  expressed  by  the  "angle  of  lateral  rotation."  The 
eye,  wlien  in  the  primary  po-^^ilion,  can  be  rotated  from  this  position  47°  outwird, 
45°  inward,  34°  upward,  and  57**  downward  (Schuurmtinn), 

3.  Tertiary  position  is  the  position  brottght  about  by  the  movemeols  of  the 
eye,  in  which  tiie  lines  of  vision  are  convergent,  and  are  at  the  same  lime  imclhud 
upward  or  downward. 

[Listing's  Law  is  tliai  which  expresses  the  movemt-nts  of  iheeyelialL  When  the  eyeball  mo*e> 
from  the  primary  |K>sition,  or  position  of  re»t,  the  angle  of  rotation  of  the  eye  in  ihe  secotMl  pouuua 
is  Ihe  same  us  if  the  eye  were  turned  at>oui  a  fixed  axis  peipcndicuhir  to  both  the  first  and  the  sccsdI 
positions  of  the  visual  line  \^//e!mAotfz).'\ 

All  the  three  axes  of  the  eye  are  no  longer  coincident  with  the  axes  in  tht:  pn- 
mary  position.  The  exact  direction  of  the  visual  lines  is  determined  by  the 
amount  of  the  angle  of  lateral  rotation  and  the  angle  of  elevation.  There  i*  flill 
another  important  point.  The  eyeball  is  always  rotated  at  the  same  time  round 
the  line  of  vision  and  round  its  axis  (^Voikmanfty  ffering).  As  the  iris  roiaio 
round  the  visual  line  like  a  wheel  round  its  axis,  this  rotation  is  called  *'  circular 
rotation"  ("  Raddrehun^*^)  o{  the  eye,  which  is  always  connected  with  the  ter- 
tiary positions.  Even  oblique  movements  may  be  regarded  as  composed  of— it) 
a  rotation  round  the  vertical  axis,  and  (3)  round  the  transverse  axis ;  or  it  maj 
be  referred  to  rotation  roimd  a  single  constant  axis  placed  between  the  aboK 
named  axes,  passing  through  the  point  of  rotation  of  the  eyeball,  and  at  nghl 
angles  to  the  secondary  and  primary  direction  of  the  visual  axis  (line  of  visinnV- 
(^Listing).  The  amount  of  circular  rotation  is  measured  by  Ihe  angle  which  the 
horizontal  separation  line  of  the  retina  forms  with  the  horizontal  separation  of  the 
retina  of  the  eye  in  the  primary  position.  This  angle  is  said  to  be  ]>osilive,  wHn 
the  eye  itself  rotates  in  the  same  direction  as  the  hand  of  a  watch  observed  by  the 
same  eye,  x.  ^.,  when  the  upper  end  of  the  vertical  line  of  separation  of  ibc  rrliM 
is  turned  to  the  right. 

According  lo  I>:)nders,  the  angle  of  rotation  increases  with  the  angle  of  elevation  azid  tbr  u^  ^ 
lateral  rotation — ii  may  excee<l  lo^.  With  equally  great  elevation  or  deprcsMon  of  the  viiHl  pMC 
the  rotMion  b  greater,  the  greater  the  elevation  or  depression  of  the  line  of  riaioo. 
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On  looking  upward  in  the  tertiary  position,  the  npper  ends  of  tlie  vertical  lines  of  sepamtion  of 
the  retina  Aiivergt ;  on  looking  downward  they  converge.  If  the  visual  plane  lie  raised,  Ihe  eye, 
when  it  deviates  laicinlly  to  the  ri^ht,  mokes  a  circular  rotation  Co  the  left.  When  the  visual  pliuie  is 
depressed,  on  deviating  the  eye  to  Ihe  right  or  Irft,  there  is  a  corresponding  circular  rotation  lo  the 
right  or  left.  Ox  we  may  ex|)reu  the  result  thus  :  When  the  angleof  elcvstion  and  the  ar^le  of  dex-ia- 
lion  liavc  the  some  sign  (4-  or  — ).  then  the  rotation  of  the  eyeball  is  negative;  when,  however,  the 
signs  are  unequal,  the  rotation  is  pOEtiiive.  In  order  to  make  the  circular  rotation  visible  in  one's  own 
eye  accommodate  one  eye  for  a  surface  divided  by  vertical  and  horii-onial  lines  until  a  positive  after- 
unoge  is  produced,  nnd  then  rapidly  rotate  the  eye  into  the  third  position.  The  lines  of  the  aficr- 
imitgc  then  fomi  angles  with  the  lines  of  the  Ijackgrouml.  Ah  the  position  of  the  verticol  meridian 
of  the  eye  is  important  from  n  practical  point  of  view,  it  is  necessary  to  note  that,  in  the  primary  :ind 
secondary  positions  of  the  eyes,  the  vertical  meridiin  retains  its  vertical  position.     On  looking  to 
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Ibe  left  and  npward,  or  to  the  right  and  downward,  (be  vertical  tneridiaDs  of  both  eyes  are  turned  to 
the  left ;  conversely,  they  are  turned  to  the  right  on  looking  to  the  left  and  downward^  or  to  the  right 
and  upward. 

In  the  secondary  positions  of  the  eye,  rotation  of  the  axis  of  the  eye  never  occurs  {L\iting\ 
Very  Hlight  roUing  of  the  eyenoccun,  however,  when  the  head  b  inclined  toward  the  shoulder,  and 
io  the  direction  opposite  to  that  of  the  head,  it  is  about  l"  for  every  ]0°  of  inclination  of  the  head 
{^Skrebitzk). 

Ocular  Muscles. — The  movements  of  the  eyeball  are  accomplished  by  means 
of  the  four  straight  and  two  oblique  ocular  muscles.  In  order  to  understand 
the  action  of  each  of  these  muscles,  we  must  know  the  plane  of  traction  of  the 
muscles  and  the  axis  of  rotation  of  the  eyeball.  The  plane  of  traction  is  found 
by  the  plane  lying  in  the  middle  of  the  origin  and  insertion  of  the  muscle  and 
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the  point  of  rotation  of  the  eyeball 

angles  to  the  plane  of  traction 


The  axis  of  rotation  ts  alvars  at 
e  point  of  rotation  of  the  erebalL 


I.  The  rectus  intemus  (1)  and  cxtemus  (E)  rotate  the  eje  aloMist  oacttjr 
inward  and  outn-ard  ( Fig.  566).  The  pUne  of  traction  lies  in  the  plane  of  the 
paper  ;  Q,  E,  is  the  direction  of  the  traction  of  the  external  rectus.  Qi,  I,  that  of 
the  internal.  The  axis  of  rotation  is  in  the  point  of  rotation,  O,  at  nght  anglo 
to  the  plane  of  the  paper,  so  that  it  coincides  with  the  vertical  axis  of  tbc  eyriall- 
z.  The  axis  of  rotation  of  the  R.  superior  and  inferior  (the  dotted  line.  R. 
sap.,  R.  inf ).  lies  in  the  horizontal  plane  of  separatioa  of  the  eye,  bat  it  forms 
an  angle  of  about  20°  with  the  tiansvene  axis  (Q,  Qi) ;  the  directioo  of  the  trac^ 
tion  for  both  muscles  is  indicated  by  the  line  /,  r  By  the  actioa  of  ibcse  masdeSf 
the  cornea  is  turned  upward  and  slightly  inward,  or  downward  and  sightly  inward. 
3.  The  axis  of  rotation  of  both  oblique  muscles  (the  dotted  lines,  ObL  sap.  and 
Obi.  mx.)  also  lies  in  the  horizontal  pUoe  of  separatioa  of  the  eyebatl,  and  it 
forms  an  angle  of  60°  with  the  transverse  axk.  The  directioo  of  the  mcdoa  of 
the  if^eritr  obliqoe  gives  the  line.  «,  h ;  that  of  tbe  smftritr,  ibe  line,  r,  d~  The 
actioa  of  these  muscles,  ibetefore,  k  in  the  one  cae  to  rotate  tbe  cornea  cot- 
ward  and  upward,  and  in  the  otbcr  outward  and  downward.  These  actioos,  of 
conne,  only  obtain  wben  the  cyvs  are  in  tbc  pvimary  poritWie ;  in  every  other 
poation  tbe  axis  of  rotation  of  each  moade  chai^ges. 

When  the  e>-rs  arc  at  rest,  the  BMBcfas  are  in  eqaalifaciiaD.  Owing  to  the  powcrl 
of  tbe  intemai  recti,  the  visoal  axes  convcfge  and  would  BMCt,  if  prolooged  4o| 
centimetres  in  front  of  the  eye.  In  tbe  mofenacnts  of  the  eyeball*  one,  two,  or 
three  muscles  may  be  concerned.  Ome  aMsde  acts  only  whea  tbe  eye  is  mored  j 
directly  outward  or  inward^  cspectaOy  the  internal  and  cxtcnial  tectaa.  7Wl 
moscla  act  when  tbe  eyeball  ts  moved  diiectly  apwanl  (apenor  tcctus  and  infe- 
rior oblique)  or  downward  (iolerior  rectus  aad  superior  <iblii|ue).  Tirwt  ruT^V 
are  in  action  when  the  eydiaib  take  a  diagonal  direction,  apedbllf  for  » 
and  ^utfj  dy  by  the  interualaad  the  superior  lectus  and  naJoior  nWu|iiL  ;  forj 
and  ^m%mM»d,  dbe  znteraal  aad  iafenor  rectos  aad  niaiiui  aMiquif ;  for 
and  dtmum^idj  the  cxtcraal  aad  iulerior  lectB  and  wpciiui  ohfique ;  for 
madmfmarJ^  the  external  aad  supawricctB  and  afenor  oblique. 

[The  foUoviag  table  shows  the  action  of  the  maadks  of  the  efcball : — 
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ably.  If  individual  ocular  muscles  are  [laralyzedr  the  position  of  the  visual  axis  in 
the  same  place  is  disturbed,  and  squinting  results,  so  that  the  p<-itient  no  longer  can 
direct  both  visual  axes  simultaneously  to  the  same  point,  but  he  directs  the  one 
eye  after  the  other.  Even  nystagmus  (p.  771)  occurs  in  both  eyes  simultaneously, 
and  in  the  same  direction.  The  innate  simultaneous  movement  of  both  eyes  is 
spoken  of  as  an  associated  movement  {/oh.  Mulier).  E.  Hering  showed  that 
in  all  ocular  movements  there  is  a  uniformity  of  the  innen'ation  as  well.  Even  during 
such  movements,  in  which  one  eye  apparently  \s,  at  rest,  there  is  a  movement,  due 
to  the  action  of  two  antagonistic  forces,  the  movements  resulting  in  a  slight  to  and 
fro  motion  of  the  eyeball. 

Th«  motor  nerves  of  the  ocular  muscles  are  ibe  oculomotorius  (j  345),  (be  trochlcarii  ({  346], 
uid  ilic  ftlxlucc'ns  (J  348).  The  centre  lie*  in  the  corpora  quidrigemina,  and  lielow  it  (J  379),  ond 
partly  in  the  nieduila  oblongala  {\  379)< 

400.  BINOCULAR  VISION— Advantages.— Vision  with  both  eyes 
affords  tficToIIowini^  advantages  :  (i )  TIie_^^'/,'/(7/'r/V/('/i  of  both  eyes  is  considerably 
larger  than  that  of  one  eye.  {2)  Tlie  i>erception  of  dtptk  is  rendered  easier,  as 
the  retinal  images  are  obtained  from  two  different  points.  (3)  A  more  exact  esti- 
mate of  the  distance  and  sizt  of  an  object  can  be  formed,  in  consequence  of  the 
{perception  of  the  degree  of  convergence  of  both  eyes.  (4)  The  correction  of 
tertain  errors  in  the  one  eye  is  rendered  possible  by  the  other. 

When  the  position  of  the  head  )a  /ixtd,  we  can  easily  form  a  concef)tJon  as  to  ibe  form  oftkt  entire 
Jteld  of  vision  if  wr  close  one  eye  and  direct  the  open  eye  inward.  We  observe  that  it  U  pear-shaped, 
broad  above  and  smaller  below;  the  silhouette,  or  profile  of  the  nose  causes  the  depression  between 
Ibc  upper  and  lower  pnit  of  the  6eM. 

401.  IDENTICAL  POINTS— HOROPTER.— Identical  Points  — 

If  we  imagine  the  retin<c  of  both  eyes  to  be  a  pair  of  hollow  saucers  placed  one 
within  the  other,  so  that  the  yellow  spots  of  both  eyes  coincide,  and  also  the 
similar  quadrants  of  the  retinx,  then  all  those  points  of  both  retina:  which  coincide 
or  cover  each  other  are  called  "identical"  or  "  corresponding  points  "  of  the 
retina.  The  two  meridians  which  s:;parate  the  quadrants  coinciding  with  each 
other  arc  called  the  "lines  of  separation."  Physiologically,  the  identical 
{>oints  are  characterized  by  the  fact  that,  when  they  are  both  simultaneously  ex- 
cited by  light,  the  excitement  proceeding  from  them  is,  by  a  psychical  act,  referred 
to  one  and  the  same  point  of  the  field  of  vision,  lying,  of  course,  in  a  direction 
through  the  nodal  i>oint  of  each  eye.  Stimulation  of  ^ot/i  identical  points  causes 
only  om  image  in  the  field  of  vision.  Hence  all  those  objects  of  the  external 
world,  whose  rays  of  light  pass  through  the  nodal  points  to  fall  upon  identical 
points  of  the  retina,  are  seen  singfy,  because  their  images  from  both  eyes  are  re- 
ferred to  the  same  jwint  of  the  field  of  vision,  so  that  they  cover  each  other.  All 
other  objects  whose  images  do  not  fall  upon  identical  points  of  the  retina  cause 
double  vision,  or  diplopia. 

Proofs. — If  we  look  at  a  linear  object  with  the  points  i,  2,  3,  then  the  corrcspondtng  relioal 
images  are  l,  3,  3  attd  1,  3,  3,  which  are  obviously  identical  points  of  the  retina;  ( Mg.  567).  It, 
while  looking  at  this  line,  there  lie  a  point.  A,  nearer  the  eyes,  or  [).  further  bom  tliem,  then,  on  fbcui. 
ingfor  I.  3,  3,  neithiT  the  rays  (A,  t,  A,  ij)  coming  from  A,  nor  those  (B,^.  B,  d)  from  B,  fall  upon 
identical  points ;  hence  A  an'l  H  appear  dimMc. 

Make  a  point  {f-ff.,  2)  with  ink  on  paper ;  of  course  the  imafe  will  (all  iipon  txith  fovea:  centrales 
of  the  retime  (z,  2  \,  which  of  course  arc  identical  points.  Now  press  laterally  upon  one  eye.  so  as 
to  displace  it  slightly,  then  two  points  at  once  appear,  because  the  image  of  the  point  no  longer  falls 
upon  the  foTca  centralis  of  the  displaced  eye,  init'on  an  adjoining  non-identical  part  of  the  retina. 
When  we  squint  voluntarily  all  objects  appear  double. 

The  vertical  surfaces  of  srpamtion  of  llic  retina  do  not  cxacllr  coincide  with  the  vtriicat  mfritiiant. 
There  is  a  certain  amountof  divergence  (o.5°-3°),  less al>ovc,  which  vorics  mditfcrent  individuals,  arid 
U  may  tic  in  the  «ame  individual  al  dinerenl  Ximn  {Mtring^.  I'he  hurixontal  Unr4  of  sepiration, 
however,  coincide.     Images  which  fall  ujton  the  vertical  lines  of  separation  appear  to  be  vertical  to 
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those  on  the  horizontal  lines,  fdthough  ihey  are  not  Actu*ll]r  so.  Hence,  the  verlical  lines  of  »q«n- 
doQ  are  the  apparent  vertical  meridians.  Some  observers  regard  ihe  identical  points  of  the  retina  ■■ 
on  acquireJ  arrangement ;  oihen;  rt^ard  it  fxs>  norinaJly  innatt.  PersoQ&  who  have  had  a  h)utt>i  froa 
their  birth  see  sinjjly ;  in  tbcsc  cases,  the  Jdcnticil  points  most  be  differently  dispo&ed- 

The  horopter  represents  all  those  points  of  the  outer  world  from  which  rani 
light  passing  into  both  eyes  fall  upon  iilentical  points  of  the  retina,  the  eyes  being 
in  a  certain  position.     It  varies  with  the  different  positions  of  the  eye*. 

1.  In  the  primary  position  of  txAh  eyes  with  the  visual  axes  parallel,  the  rays  of  dirccbonpi^ 
ceeding  from  two  identtcai  points  of  the  two  rctinte  are  parallel  and  intersect  ooly  at  infinity.  Hcace 
for  the  |»imaty  (>o>.tltun  the  huropter  is  a  jilane  in  infmily. 

3.  In  the  secondary  position  of  the  eycs  with  converging  visual  axes,  the  horopter  far  the 
transverse  lines  of  separation  is  a  circle  which  passes  through  the  nodal  points  of  boih  eyes  j  Kig.  568, 
K,  K),  am!  through  (he  fixed  points  I,  II,  III.  The  horopter  of  the  vertical  iin«  of  sepantwe  b 
in  this  position  vertical  to  the  plane  of  vt&ion. 

3.  In  tbc  s)-inuictrical  tertiary  poakion,  in  which  the  horiionlal  and  vertical  line*  of  sepantJaa 
form  an  angle,  the  horopter  of  the  vertical   lines  of  separalion  is  n  straight  tine  inclined  toward  iti 

Fig.  567.  Flo.  568. 
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Horopter  for  the  »«coBd»rv  pMitioa,  vllk 
coavefKcace  of  tb«  VHiial  axco. 


horizon,     llierc  is  no  hon^tcr  for  the  Identical  points  of  (be  borironta]  lines  of  s^Nvaiioii,  ai  tW 
lines  of  direction  prolonged  from  the  identical  points  of  tbcsc  points  do  not  intcrsccL 

4.  In  the  unsymmelrical  tertiary  jxisition  (with  rulling)  of  the  eyes,  in  which  the  iued  paiol  &■ 
at  unequal  distances  from  \n*\\  noflal  ^toints,  the  horopter  is  a  curve  of  a  complex  fono. 

All  objects,  the  rays  proceeding  from  which  fall  upon  non-identical  points  of 
the  retinx,  appear  double.  We  can  distinguish  direct  ov  crossed  double  imago, 
according  as  the  rays  prolonged  from  the  non-identical  points  of  the  retina  inl 
sect  in  front  q{  or  behind  \\\t  fixed  point. 

Experiment. —  Hold  two  fmgers — the  one  behind  tlie  other — tiefore  both  eyis.  Ac 
for  (he  far  one  and  (hen  (he  near  one  appears  double,  and  wheti  we  occommodaie  for  the  n 
fiv  one  appears  doulile.  If,  when  accommodadng  for  (he  near  one,  the  right  eye  Lw  ckHcd,  the  Id 
(crossed)  inugc  of  the  far  linger  diuppeors.  On  accumm<Mla(ing  for  the  far  linger  and  doaiaf  iftt 
right  eye,  the  right  (direct)  double  imnge  of  the  near  linger  disap)>cani. 

Double  images  are  referred  to  the  proper  distance  from  the  eyes,  just  as  v»^ 
images  are. 
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Neglect  of  Double  Images. — Notwithstanding  the  very  large  number  of 
double  images  which  must  be  formed  during  vision,  they  do  not  disturb  vision.  As 
ageneral  rule  they  are  "  neglected,"  so  that  the  attention  must,  as  a  rule,  bedirecied 
to  them  before  they  are  perceived.     This  condition  is  favored  thus  :— 

1.  The  attention  is  always  directed  to  the  pdnt  of  the  Held  of  vision  which  is  accommodated  lor 
at  llie  time.  Tlic  image  of  lht$  part  is  projected  o»  to  Ixith  yellow  &pots,  which  are  identical  point* 
of  the  retina. 

2.  l*he  form  and  color  of  objects  on  the  tater&I  fxirts  of  the  retina  are  not  perceived  so  sharply. 

3.  The  eyes  are  always  accommodated  for  those  points  which  are  looked  at.  Hence,  indistinct 
images  with  diffusion  circles  are  always  formed  by  those  objects  which  yield  dnulilc  imngcsi,  so  that 
they  can  be  more  readily  neglected. 

4.  Many  double  images  lie  so  close  t(^ether  that  the  greater  port  of  them,  when  the  images  ore 
large,  covers  the  other. 

5.  Uy  practice  images  which  do  not  exactly  coincide  may  be  iinJied. 

402.  STEREOSCOPIC  VISION.— Oti  looking  at  an  object,  both  eyes  do 
not  yield  exactly  similar  images  of  that  object — the  images  are  slightly  different, 
because  the  two  eyes  look  at  the  object  from  two  differ- 
ent points  of  view.     With  the  right  eye  we  can  see  rir,.  509. 
more  of  the  side  of  the  body  directed  toward  it,  and  A  C     a  e 
the  same  is  the  case  with  the  left  eye.    Notwithstanding 
this  inequality,  the  two  images  are  united.     How  two 
different  images  are  combined  is  best  understood  by 
analyzing  the  stereoscopic  images. 


Let,  in  Fig.  569,  h  and  R  represent  two  such  inagcs  as  are    g  Ob  i 

obtained  with  the  left  and  right  ejes.     These  images,  when  seen  L  R 

with  a  stereoscope,  look  like  a  inincaled  pyramid,  which  [irojects         Two  Stertoncopic  Urawlngi. 
toward  the  eye  of  the  olserver,  as  the  points  indicated  by  the  same 

signs  cover  each  other.  f>n  measuring  ihc  distance  of  the  points,  which  coincide  or  cover  each  other 
in  both  figures,  we  6nd  that  the  distances  A,  a,  B,  6,  C,  t,  D.i/are  ei]UBlly  great,  and  at  the  same 
time  are  the  wuifii  of  nil  the  points  of  both  figures;  the  Ui'^ances  £,  c,  V,/,  ^'',g,  H,  k  Rtc  albo 
equal,  but  are  imailer  than  (he  former.  On  looking  at  the  coinciding  lines  (.\,  K,  it,  c,  and  H,  F.  h, 
y),  we  observe  that  all  the  points  of  this  Hue  which  lie  nearer  to  A  <x  and  11  h  are  further  apart  than 
those  lying  nearer  E  e  and  V /. 

Comparing  these  resuUs  with  the  stereoscopic  image,  wc  have  the  following  laws 
for  stereoscopic  vision :  i.  All  those  points  of  two  stereoscopic  images,  and 
of  course  of  two  retinal  images  of  an  object,  which  in  both  images  are  etjually 
distant  from  each  other,  appear  on  the  same  plane,  a.  .\li  points  which  are  nearer 
to  each  other,  compared  with  the  distance  of  other  points,  appear  to  be  nearer  to  the 
observer.  3.  Conversely,  all  pointswhich  lie  further  apart  from  each  other  appear 
perspectively  in  the  background. 

The  cause  of  this  phenomenon  lies  in  the  fact  that,  "  in  vision  with  both  eyes 
we  constantly  refer  the  position  of  the  individual  images  in  the  direction  of  the 
visual  axis  to  where  they  both  intersect." 

Proofs.— The  following  stereavoptc  experiment  proves  this  (Fig.  570):  Take  both  images  of 
two  pairs  of  |X)ints  (fi,  b,  and  a,  (i),  which  arc  at  unei]ual  distances  from  each  other  on  the  surface 
of  the  paper.  Ry  means  of  small  stereoscopic  pri«nu  came  them  to  coincide,  then  the  cnrnl>ined 
point,  A  of  a,  and  u  appears  at  a  distance  on  the  plane  of  the  paper,  while  tbe  other  point,  Tl.  pro- 
duced by  the  super^xisition  of  A  and  ;^,  floats  in  the  air  before  the  observer.  Fi^;.  570  shows  how 
this  occurs.  The  following  cxperimcni  shows  the  same  result:  fJraw  two  figures,  which  are  to  be 
superposed  similar  to  the  lines  B,  A,  A,  E,  ^\  a,  and  ft,  e,  '\n  Fig.  5G9.  In  the  lines  B,  .\,  and  h,  a, 
all  the  points  which  arc  to  be  superposed  lie  equally  diUant  from  «ch  other,  while,  on  ihc  contrary, 
all  the  points  in  A,  E,  and  a,  f,  which  lie  nearer  E  and  e,  are  constantly  neaier  to  each  other.  When 
looked  al  with  a  stereoscope,  the  superposed  verticals,  A,  ^,  and  11,  b,  lie  in  the  plane  of  the  l>aper, 
while  the  superposed  lines,  A,  a,  and  E,  e,  project  obliquely  toward  the  observer  from  the  plane 
of  the  paper.  From  these  two  fundamental  experiments  we  may  analy/c  all  [Kiirs  of  stereoscopic 
pictures.  Ilius,  in  Fig.  569,  if  we  exchange  the  two  pictures,  so  that  I<  lies  in  the  place  of  1^ 
ihcD  we  must  obtain  the  impression  of  n  truncated  hollow  p)Tamid. 
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Two  stereoscopic  pictures,  which  tre  so  constructed  that  the  one  coatfliiu  the  hodT  frea  ihr 

front  and  Above,  and  the  other  conttins  it  from  the  froni  and  l)elow  (suppoM  id  Fig.  569  the  boo 
A  B,  sod  a  h,  were  the  ground  lines),  can  never  lie  superposed  by  meant  of  the  stcreoaoofie. 

This  process  has  been  exjilained  in  another  way.     Of  the  two  figures,  R  and  L 
(Fig.  569),  only  A  BCD,  ar\da  d  c  d,  fall  upon  identical  points  of  the  retina,  hence 
Ihese  aJone  can  be  superjwscd  ;  or,  when  there  is  a  different  convergence  of  tbe 
visual  axis,  only  E  F  G  H,  and  t/g  h,  can  be  superposed,  for  the  same  rcasoo. 
Suppose  the  square  ground  surfaces  of  the  figures  are  first  superposed,  in  order  to 
explain  the  stereoscopic  impression,  it  is  further  assumed  that  both  eyes,  after  super- 
position of  the  ground  squares,  are  rapidly  moved  toward  the  apex  of  the  pyramid. 
As  the  axis  of  tlie  eyes  must  thereby  converge  more  and  more,  the  apex  of  the 
pyramid  appears  to  project;  as  all  points  which  require  the  convergence  of  lit 
eyes  for  their  vision  appear  to  us  to  be  nearer  (see  below).     Thus,  al!  corrcspondinj 
parts  of  both  figures  would  be  brought,  one  after  the  other,  upon  identical] 
of  the  retina   by  the  movements  of  the  eyes  {BrUeke), 


Fig.  570. 


Ftc.  571. 
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It  has  been  urged  against  this  view  that  the  duration  of  an  electrical  spark  suffices 
for  stereoscopic  vision  (Dfft'f)^!L  time  which  is  quite  insufficient  for  the  mmt- 
ments  of  the  eyes.  Although  this  may  be  true  for  many  figures,  yet  in  tbe  cue- 
rect  combination  of  complex  or  extraordinary  figures,  these  movements  of  iht 
visual  axes  are  not  excluded,  and  in  many  individuals  they  are  distinctly  advanu- 
geous.  Not  only  the  actual  movements  necessary  for  this  act,  but  the  sensation 
derived  from  the  muscles  are  also  concerned. 

When  two  figures  are  momentarily  combined  to  form  a  stereoscopic  picture,  there 
being  no  movement  of  the  eyes,  clearly  many  [wints  in  the  stereoscopic  pictures  i« 
superposed  which,  strictly  speaking,  do  not  fall  upon  identical  points  of  the  rctma. 
Hence  we  cannot  characterize  the  identical  points  of  the  retina  as  c^incidiojc 
matliematically  ;  but  from  a  physiological  point  of  view  we  must  regard  such  potnti 
as  identical,  which,  as  a  rule,  by  simultaneous  stimuUlion,  give  rise  to  a  single 
image.  The  mind  obviously  plays  a  part  in  this  combination  of  images.  There  is 
a  certain  psychical  tendency  to  fuse  the  double  images  on  the  retins  into  one 
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image,  in  accordance  with  Ihe  fact  that  we,  from  experience,  recognize  the  existence 
of  a  single  object.  If  the  differences  betwcca  two  stereoscopic  pictures  be  too 
great,  so  that  pans  of  the  retina  too  wide  apart  arc  excited  thereby,  or  when  new 
lines  are  present  in  a  picture,  and  do  not  admit  of  a  stereoscopic  effect,  or  disturb 
the  combination,  then  the  stereoscopic  effect  ceases. 

The  stereoscope  is  an  inMnimcnt  by  means  of  which  two  somewhat  similar  pictures  drawn  in 

Cerspcctive  may  he  superposed  so  that  Ihey  appear  Mngle.     Wheautone  (1838)  obtnined  Ihis  resuh 
y  mesLosof  two  mirrors  placed  nt  on  angle  (I'ig.  S70);  Brewster  (1S43)  by  two  prisms  ^Fig,  571). 
The  construction  and  mode  of  action  are  obvious  fr^oi  the  illustnLtionit. 

Some  pairs  of  two  such  pictures  may  be  combined,  without  a  stereoscope,  by  directing  (he  visual 
axis  of  each  eye  to  tlie  picture  held  opposite  to  it. 

Two  c<)mplc{cly  identical  pictures,  1.  *-.,  in  which  all  corresponding  points  have  exactly  the  some 
relation  to  each  other  as  the  same  hides  of  two  copies  of  a  Ixfok,  appear  quite  t1ai  under  the  stereo* 
scope ;  as  soon,  however,  as  in  one  of  itiem  one  or  more  points  alters  its  relation  to  the  correspond' 
ing  pointi,  this  point  cither  projects  or  recedes  from  the  plane. 

Telestereoscope. — When  objects,  placed  at  a  great  distance,  arc  looted  at,  e.  e.,  the  most  distant 
part  of  a  landscape,  they  appear  to  us  to  be  flat,  as  in  a  picture,  and  do  not  stand  oat.  because  the 
sliglit  (lifTcrcnccs  of  positiuo  of  our  eyes  in  the  heatl  arc  not  to  be  compared  with  the  great  dibiance. 
In  orderto  obtain  a  stereoscopic  view  of  sucb  objects,  v.  Helmhottz  constructed  the  telestereoscope 
(Kig.  573),  ao  apparatus  which  by  means  of  two  parallel  mirrors,  places,  as  it  were,  the  point  of  view 
of  both  eyes  wider  apart.  Of  the  mirrors,  I,  and  R  each  projects  its 
image  of  ihe  landscape  upon  /  and  r,  to  which  both  eyes,  O,  &,  are  Fic.  573. 

directed.  According  to  Ihe  distance  between  L  and  R  the  eyes  O,  o,  as 
it  were,  are  displaced  to  0„  Of.  The  distant  land^ape  appears  like  n 
stereoscopic  view.  In  order  to  sec  distant  parts  more  clearly  and  nearer, 
a  double  telescope  or  opera  glass  may  be  placed  in  front  of  the  eyes. 

Take  two  corrcspondiDg  stereoscopic  pictures,  wiili  the  surfaces  black 
in  one  case  and  tight  in  the  other.     Draw  iwo  truncated  pyramids  like 
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Fig.  569,  malce  one  figure  exactly  like  T-.,  i.  <*.,  with  a  while  surface  and  bUt-k  lines,  and  the  other  with 
white  Unes  and  a  black  surface,  then  under  the  stereoscope  such  objects  glance.  The  cause  of  thtr 
glandog  ctindilion  is  that  the  glancing  bndy  at  a  certain  diitance  rcttects  linght  light  into  one  eye  and 
not  into  the  other,  because  a  ray  rellected  at  an  angle  cannot  enter  both  eyes  simullancously  {Dovt). 

Whcatstone's  Pseudoscope  consists  of  two  right-angled  prisms  (Fig.  573,  .\  and  H]  enclosed 

in  a  tube,  through  which  wc  can   lijok  in  n  direction  parallel  with  the  surfaces  of  the  hypotbcnuses. 

If  a  spherical  surface  be  looked  at  with  this  instnimtnt,  the  image    formed  in  each  eye  is  inverted 

laterally.     The  right  eye  sees  the  view  usually  oblained  by  the  left  eye.  and  conversely  ;  the  shadow 

which  the  body  in  the  light  throws  upon  a  light gnund  is  rrverscf!.     Ileoce  the  ball  appears  hollow. 

Struggle  of  the  Fields  of  Vision. — Tlic  stercoscoijc  is  also  useful   for  the  following  purpose  : 

In  vision  with  both  eyes,  both  eyes  are  ahno^it  never  active  simultaneously  and  to  the  same  extent ; 

'  both  undergo  variations,  so  that  fir»t  the  impression  on  the  one  retina  and  (hen  that  on  the  other 

1  is  stronger.     If  two  different  surfaces  be  plac<sl   in  a  stereoscope,  then,  especially  wht*t»  they  are 

luminous,  these  two  alternate  iti  ihc  general  ticid  of  vision,  according  as  one  or  other  eye  is  active 

(Panum\.     Take  tM-o  surfaces  with  lines  ruled  on  them,  so  that  when  the  surfaces  are  superposed  the 

\  lines  will  crass  each  other,  then  either  the  one  or  the  other  system   of  lines  is  more  prominent 

(  i^PoHum).     The  some  \f.  true  with  colored  stereoscopic  tigiU'Cs,  so  that  there  is  a  contest  or  .struggle  of 

I  the  colored  tields  of  vision. 

403.    ESTIMATION    OF    SIZE    AND    DISTANCE. —Size.— We 
I  estitnate  the  size  of  an  object — apart  from  all  other  factors — from  the  size  of  the 
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retinal  image  ;  thus  the  mcxin  is  estimated  to  be  larger  than  the  stan.     If,w' 
looking  at  a  distant  landscape,  a  fly  should  suddenly  pass  across  our  field  of  viai 
near  to  our  eye,  then  the  image  of  the  fly,  owing  to  the  relatively  gnt-at  size  of 
retinal  image,  may  give  one  the  impression  of  an  object  as  large  as  a  bird 
owing  to  defective  accommodation,  the  image  gives  rise  to  diflfustoo  circles, 
size  may  apjiear  to  be  even  greater.     But  objects  of  very  une<iual  size  give  cquallir 
large  retinal  images,  especially  if  they  are  placed  at  such  a  distance  that  they  (t 
the  same  visual  angle  (Fig.  531)  ;  so  that  in  estimating  the  actual  size  of 
object,  as  opposed  to  the  apparent  size  determined  by  the  visual  angle,  the 
wa/r  0/  (fistani^e  is  of  the  greatest  importance. 

As  to  the  distance  of  an  object,  we  obtain  some  information  from  the  feeling 
of  accommodation,  as  a  greater  effort  of  the  muscle  of  accommodation  isrequirrj 
for  exact  vision  of  a  near  object  than  for  seeing  a  distant  one.  Hut,  as  with  ivo 
objects  at  unequal  distances  giving  retinal  iniages  of  the  santf  itzt,  we  know  frooi 
experience  that  that  object  is  smaller  which  is  near,  then  that  object  is  estimated 
to  be  the  smaller  for  which,  during  vision,  we  must  accommodate  more  strongly. 

In  this  way  we  cxplnin  the  followiog  :  A  person  banning  to  us«  a  microfcope  alwftfs  abasn 
with  his  eyes  accommodftted  fur  a  near  object,  while  one  used  to  the  iuictt>*copc  looks  llirutifti  4 
withnui  accommofliiting.  Ilcnce  lieginnen  Always  estimate  tnicroscoptc  objects  as  too  nuU,  niloa 
making;  a  drawing  of  them  it  is  too  snutll.  If  wc  produce  an  afler-tm:>ge  in  one  eye,  if  U  Oftce 
a]>|iean  fcmallrr  on  .iccommodating  for  «  near  object,  and  again  twoomes  lai]ger  durii^  aepBn 
accomiT)0(l->iion,  \i  we  l'>ok  with  one  eye  at  n  &mall  body  placed  as  near  as  potable  to  (heeyctbn 
a  body  lyiii^  behind  it,  but  seen  only  indirectly,  Appears  smiiUer. 

Angle  of  Convergence  of  Visual  Axes. — In  estimating  the  si^e  ofn 
object,  and  taking  into  account  our  estimate  of  its  distance,  we  also  obtain  tuuih 
more  im[JorIant  information  from  the  degree  of  convergence  of  the  visual 
axes.  We  refer  the  position  of  an  object,  viewed  witli  both  eyes,  to  the  point 
where  both  visual  axes  intersect.  The  angle  formed  by  the  two  visual  axes  at  thi> 
point  is  called  the  "angle  of  convergence  of  the  visual  axes"  {"  GfsuA/stfritiii" 
The  larger,  therefore,  the  visual  angle,  the  si/e  of  the  retinal  image  remaining ![ 
same — we  judge  the  object  to  be  nearer.     'ITie  nearer  the  object  is.  it  may  be  (he 

smaller,  in  order  to  form  a  "  visual  angle"  of 
Fio.  574.  the  same  size,  such  as  a  distant  large  object  wouM 

give.  Hence,  we  conclude  that  with  the  aroe 
apparent  size  (tipially  large  visual  angle,  t>r  rcn- 
nal  images  of  the  same  size)  we  judge  that  object 
to  be  smallest  which  gives  the  greatest  coovetg- 
ence  of  the  visual  axes  during  binocular  vi» 
As  to  the  muscular  exertion  necessary  for 
purpose,  we  obtain  information  from  the  XD' 
cular  sense  of  the  ocular  muscles. 
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^      M  /  /    I  :  Experiments  and  Proofs. — The  cbcas-boaitl 

nomenon  of  H.  Meyer.  1.  If  we  look  ai 
chessboard  like  patiem  (tnpc^try  or  carpet  I,  then,  wha 
visual  axes  are  directed  directly  forward,  the  spaces  ge  ike 
pattern  appear  of  a  certain  «/e.  If,  now,  we  Look  rti 
nearer  oliject,  we  may  cau^c  the  visual  axiA  to  crow,  mhm 
ihe  pattern  npfurently  move«  towanl  the  planeof  the  iotei 
point,  so  that  the  CTos<ied  double  images  are  tupcfpcaai, 
and  the  pattern  at  once  appean^  snuller. 

2.  Rollrtt  lookft  al  an  object  through  two  thick  prtnnaf 
gtans  placc<j  at  an  angle,  llie  plato  arc  at  one  tiiK  w 
placed  that  the  nftex  of  the  anifle  ih  directed  toward  tkv 
nUcrvcr  ^Kig.  574,  II),  at  another  in  the  re»me  pom 
lion  ( I ).  If  both  eyes,/  and  1,  are  to  tec  the  object  a,  in  I,  then  as  the  gU«^  pUtea  so  dtiplacr  t^ 
ra>s,  >T,  ^,  and  a,  x',  as  to  moke  them  (itirallel  with  the  direction  of  thc^c  rays,  vie,  r./,  aoA  4,  i.tix-i 
the  eyes  must  converge  mote  than  when  tliey  arc  turned  directly  toward  a.  Hence  ibeotMcd  appcin 
Dearer  and  tnutller,  as  at  <r.     In  11,  the  rays,  ^,  4,  and  h^  0,  from  the  nearer  object  l|.  lall  opar 
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tfae  glass  pUlcs.     In  order  to  see  if,,  the  eycs(M  and  f)  muit  diwrgf  more,  so  that  ^  appears  more 
distant  ami  larger. 

3.  Id  looliing  through  WA^ofsfoii/t  refitcdHg  sUreojc0/>€  (.fig.  571).  it  is  obvious  that  the  more  ibe 
two  ima^^es  approach  the  okscrver,  the  more  mi»t  the  oMerv-er  converge  his  visual  axes,  because  the 
angles  of  incidence  and  reflexion  arc  greater.  Hence  the  cumpound  picture  now  appears  to  him  to 
be  smaller.  If  the  centre  of  the  image,  R,  receiies  to  R,,  then  of  course  the  angle,  S„,  r  ^1,  is  a^ua] 
to  S,,  r  K,,  and  the  same  on  the  left  side. 

4.  In  iLiing  the  leUiiereoscope,  the  two  eyes  arc,  as  it  were,  separated  from  each  other,  then  of 
coarse  in  looking  a(  ohjecis  at  a  certain  distance  ihe  convergence  of  the  visual  axes  must  l»e  greater 
than  in  notnial  vision.  Hence,  ohjeas  in  a  landscape  appear  as  in  a  small  model,  llut  as  we  are 
accustomed  lo  infer  that  such  smnJI  objects  arc  at  a  great  distance,  hence  the  objects  themselves 
appear  to  recede  in  the  distance. 

Estimation  of  Distance. — When  the  retinal  images  arc  of  tht  same  size,  we 
estimate  the  distance  to  be  greater  the  less  the  effort  of  accommodation,  and 
conversely,  in  binncular  vision,  when  the  retinal  images  are  of  the  same  si/e,  we 
infer  that  that  object  is  most  distant  for  which  the  optic  axes  are  least  converged, 
and  conversely.  Thus,  the  estimation  of  size  and  distance  go  hand  in  hand,  in 
great  part  at  least,  and  the  correct  estimation  of  the  distance  alstD  gives  us  a  correct 
estimate  of  the  size  of  objects  {Descartes).  A  further  aid  to  the  estimation  of 
distance  is  the  observation  of  the  apparent  dispiaeemefit  of  objects,  on  moving  our 
head  or  body.  In  the  latter,  especially,  lateral  objects  appear  to  change  their 
position  toward  the  background,  the  nearer  they  are  to  ns.  Hence,  when  travel- 
ing in  a  train,  in  which  case  the  change  of  position  of  the  objects  occurs  very 
rapidly,  the  objects  themselves  are  regarded  as  nearer,  and  also  smaller  {Doi'e). 
Lastly,  those  objects  appear  to  tis  to  be  nearest  which  are  most  distinct  in  the  field 
of  vision. 

Example. — A  light  in  a  dark  lnndsca|%,  and  a  <lazzling  crown  of  snow  on  a  hill,  appear  to  be 
near  to  ns;  looked  at  from  Ihe  top  of  a  high  mountain,  the  silver  glwncing  curved  course  of  a  river 
not  unfrcquentiy  appears  as  if  it  were  raised  from  the  plane. 

Falae  Estimates  of  Size  and  Direction. — 1.  A  line  divided  by  intcrmcdiaie  points  appears 
longer  than  one  not  so  divitled.  Hence  the  heavens  do  not  appear  to  us  as  a  hcillow  sphere,  but  as 
curved  like  an  ellipM.' ;  and  fur  the  last  rcnson  the  disk  of  the  set* 
ling  suD  is  esiiinatrd  to  be  larger  than  the  sun  when  it  is  in  the 
zenith,  a.  If  we  move  n  circle  slowly  to  aod  fro  behind  a  slit,  it 
appears  as  n  homuiital  trllipse ;  if  wc  move  it  rapidly,  it  appears  as 
a  vertical  ellipse.  3.  If  a  very  fine  line  be  drawn  obliquely  acro-i*.  n 
vertical  thick  black  line,  then  the  direction  of  the  line  line  lx:>  i<  ' 
the  thick  one  appears  to  he  different  from  in  original  direction  .-, 
2dl]ner*s  Lines. — Draw  three  parallel  horizontal  lines  i  ccniinicin: 
apart,  and  tliroufih  the  up[>er  and  lower  ones  draw  short  oblique 
parallel  lines  ni  the  direction  from  above  and  the  left  to  below  and 
the  right ;  through  the  middle  line  draw  similar  oblique  lines,  but 
ia  the  opposite  direction,  then  the  three  hori/onta)  lines  no  lonj^cr 
appear  to  Ijt?  |»irnllcl.  [Kig'  575  shows  a  iiiociil^CRtinn  of  this.  The 
lines  are  acttiaUy  parallel,  although  s^ome  of  rhem  appear  to  con 
verge  and  others  di%'crge.J  If  wc  Icjok  in  a  dork  room  at  a  bright 
vertical  line  and  then  Ix-nd  the  head  lowanl  the  shoulder,  the  line 
appear^  to  t)c  bcni  in  the  opiXteitc  direction  yAub<rf\. 

404.  PROTECTIVE  ORGANS  OF  THE  EYE.— 1.  Tlie  eyelids  arc  represented  in 
acctioos  ill  Fig.  576.  llie  tarsus  !■»  in  ren1i(y  not  cartilage,  but  merely  a  rigid  plate  of  connective 
tissue,  in  which  the  Meibomian  glands  arc  imbedded;  acinous  sebaceous  glands  moi.stcn  the 
eclges  of  the  eyelids  with  fatty  matter.  At  the  liasal  margin  of  the  tursus,  especially  of  the  upper 
one,  close  to  the  reflection  of  the  conjunctiva,  open  the  acinotubular  glands  of  Krause.  The  con- 
junctiva covers  the  antctior  surface  of  tlic  imlli  as  far  as  the  uiiu^in  of  the  cornea,  over  which  the 
epithelium  alone  is  continued.  <  'n  the  posterior  surface  of  the  eyelid,  the  conjunctiva  is  {lartly 
provided  with  papiil:e.  It  b  covered  by  stratiHcd  prismatic  epithelium.  Coiled  glands  occur  in 
ruminants  just  ouLside  the  margin  of  tlic  cornen,  while  outside  thi^,  toward  the  outer  angle  of  the 
eye  in  the  pip.  there  are  simple  glandular  sacs.  Waldeyer  describes  modified  sweat  glands  in  the 
tarsal  niargWtH  in  man.  Small  lymphatic  sacs  in  tlie  conjunctiva  arc  called  trachoma  glands.  Krause 
found  end  bulbs  in  the  conjunctiva  ({  434).     The  blood  vessels  in  the  conjunctiva  cotnmunicale 
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with  the  juice  eaiiaU  in  the  cornea  and  iclerotic  [p.  787).     The  tecrelioo  of  the  conjuocisva,  1  ■■^ 
Home  mucus,  consi^ti  of  tears,  which  may  be  as  abundnnt  as  that  formcti  in  the  lachrymal  g^buuli. 

Closure  of  the  eyelids  is  effected  by  the  orbicularis  palpebrarum  {faeiaix 

§  349).  whereby  the  tipper  lid 
FiQ.  576.  in  virtue  of  its  own  wcighi. 

J   T        f      o  .Jt,  muscle   contracts — (i)  voluntari^ 

(2)    involuntarily    (single    contr 
lions) ;   (3)  reflexly  by  stimulitioa 
« E    y!    — ^wsKTM-./'MfJI'Srif         of  all  the  sensory  fibres  of  the  tri- 
geminus distributed  to  the  bulb  aod 
iti  immediate  neighborhood  (§  341 
also    by   intense  stimulation   of  ' 
retina  by  light;  (4)  continued 
voluntary     closure     occurs     dtir 
slee[». 
^  -'^g^S^UKKg^B^r  "        Opening  uf  the  eyelids  is  broogbt^ 

*^  "  '        about   by  ihe  passive  descent  of 

lower  one,  and  the  active  elevatid 
of  the  up[)er  eyelid  by  tiie  levator 

IT fTimw^BiiJiiMMr      n      P^^l*^*"^*  superioris  (§  345).     The_ 
^^  smooth  muscular  Bbres  of  the  cyi 

lids  also  aid  (p.  643).  In  loobl 
downward,  the  lower  eyelid  a 
pulled  douoiward  by  bands  of  con- 
nective tissue  which  run  frotn  the 
"  inferior  rectus  to  the  inferior 
■ — a    cartilage  {Schwaibe). 

IL  The  lachrymal  apparatus 
of  the  lachrymal  glands,  which  in 
jf  hire  clcwly  resemhle  ihe  pRmcid.  theii 

bein^  lined  by  li>w  cjrlindrical  {jnaakr 
epithelium.  Four  to  five  larger,  and  dfk 
to  ten  smaller  excretory  ducts  ooodoct 
the  team  above  the  outer  ingle  nf  the  111 
into  the  fornix  conjunctirje.  The  !*■> 
ducts,  beginning  at  the  puncU  bdaysnlla. 
are  composed  of  connective  sad  duic 
tissue,  and  are  lined  by  stratiftcfl  M^uaDOB 
epithelium.  Striped  muscle  accoaspaoa 
the  duct,  and  by  k«  contraction  keep*  tW 
duct  (jjwn.  Titldt  found  no  sphioctef  wr 
O    ^  rounding    the    puncta    Ischrymalii.   whib 

C^rlach  found  an  incomplete  circolu  mi 
Venwal  Mcnoo  tViroujh  the  upper  cyHid.    ^.  cmU:  1.  epiJ«-       j  ^  -riie    conneclive-lis^e   co.    " 

C«iKJ7.orl)iciil.iri»inii5<:li-.  /i.Iofne  lub-miitciiiar  conncc-  of  the  tear  «ac  and  canal  i!>  united  »'* 
tiv«i4»huc;  ^,  inwrtion  of  H.  Mitiler'x  niiistie ;  /".  lanus;  adiotning    periosteum      The    ihin 

C.  Conjiin=uv»;y,m«:r    A'  ouicr  «dge  «f  the  ild  ;   4,piB-  membrane,    *hich    Contflios    IDudl 

mcni  cell*;    5,    *wcat    gland*;  6,  lioir  lolliclei;  tJ  sind   »3,   "f^^       "   •  ^      ■      i-        •  1 

•cclion*  of  nerves:    o.arlcrlei;     1.^,  vein*,     ti,   dlia;     ta,   tUSUe  ani    lymj-tl  CelU,  1^    lined  liT  ■  — ^- 

niodi6cd  fwcat  sbiiHu;  13,  tircid»r  mvucle  of  RioUn :  14,  layerof  cJHaicd  crlindncat  Cpilhcliaia.wlDa 
Meilioinian  glandi  is,  tecilon  uf  an  iictn>»  of  the  Mine:  16,  »,_i„™  ,,,^^«  ;«!«  the  «trxit(ii<Hl  fiwm.  TV 
po«teri«r  i»«al  jtlani  :  la  and  ig.  liuut  of  the  lintu  ;  jo.   "*='°"   ^'*7*^^ '"'"  '"*',       ^  "^^    *" 

{irr.Ui»*lor»ub-(nu*CuUrconiic<:llvclt»»ue;  31  and  va.  con-  Opening  of  Ihe    dtlCt    18  OHcn   tVtMldW  •• 
iinctlrae,  with  iti  cpilbelium;    >4.  tx\\  >s.  lomcly   wovca  a  valve-ltke  fold  (Hasner'i>  vdl«e>. 
pcMicrior  end  of  die  wntii ;  -at.  mkUoii  of  a  palpebral  artery. 

The  conduction  of  the  tears 

occurs  between  the  lids  and  the  bulb  by  means  of  fttpiZ/arity,  the  closure  of  the 
eyelids  aiding  the  process.     The  Meibomian  secretion  prevents  the  ovcrllow  of  I** 
tears  [just  as  greasing  the  edge  of  a  glass  vessel  prevents  the  water  in  it  from  o» 
fiowing].     The  teare  are  conducted  from  the  puncta  through  the  duct,  t ' '  " 
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_  hon  action.  Horner's  muscle  false  known  to  Duvernoy,  1678)  likewise  aids,  as 
every  time  the  eyelids  are  closed  it  pulls  upon  the  posterior  wall  of  the  sac,  and 
thus  dilates  the  latter,  so  that  it  aspirates  tears  into  it  (^Henke). 

E.  H,  Weber  and  Ila&ncr  ascribe  the  aspiration  of  the  tears  to  the  diminution  of  the  amount  of  air 
in  the  nasal  cavities  during  inspiration.  Arit  asserts  tlint  the  lenr  sac  is  compressed  by  the  contraction 
of  the  orbicularis  mmcle,  so  ihat  the  tears  must  be  forced  toward  the  nose.  I-aitly.  SlcIUaj;  sup[H>scs 
that  when  the  eyelids  are  closed  the  tears  are  Minply  pressed  into  the  puncta,  while  Gad  denies  that 
there  is  any  kind  of  pumpint;  nicchAni*^m  in  the  na^al  cnna).  Laodois  puint>  uut  that  the  tear  ducts 
are  surtxjiujded  by  a  ptcxus  of  veins,  which  according  to  their  state  of  distention  may  inllucncc  the 
site  of  these  tubes. 

The  secretion  of  tears  takes  place  only  by  dinct  stimulation  of  the  lachrymal 
nerve  ($  347,  i,  z),  subcutaneous  malar  (§  347,  II,  2),  and  cervical  sympathetic 
(§  356,  A,  6),  which  have  been  called  secretory  nerves.  Secretion  may  also 
be  excited  reflexiy{'^.  641)  by  stimulation  of  the  nasal  mucous  membrane  only  on 
the  same  side  {HerzeHsteitx).  The  ordinary  secretion  in  the  waking  condition  is 
really  a  reflex  secretion  produced  by  the  stimulation  of  the  anterior  surface  of  the 
bulb  by  the  air,  or  by  the  evaporation  of  tears.  A  very  bright  light  also  causes 
a  reflex  secretion  of  tears,  the  optic  being  the  afferent  nerve.  The  centre  in  the 
rabbit  does  not  extend  forward  l>eyond  the  origin  of  the  (ifth  nerve,  but  it  extends 
downward  to  the  fifth  vertebra  {Eckhard ).  During  sleep  all  these  factors  are  absent, 
and  there  is  no  secretion.  Histological  changes. — Reichcl  found  that  in  the 
active  gland  (after  injection  of  pilocarpine  the  secretory  cells  became  granular, 
turbid,  and  smaller,  while  the  outlines  of  the  cells  became  less  distinct,  and  the 
nuclei  spheroidal.  In  the  resting  gland,  the  cells  are  bright  and  slightly  granular, 
with  irregular  nuclei.  Intense  stimulation  by //^A/ acting  on  the  optic  nerve  causes 
a  reflax  secretion  of  tears.  The  flow  of  tears  accompanying  certain  violent  emo- 
tions, and  even  hearty  laughing,  is  still  unexplained.  During  coughing  and 
vomiting  the  secretion  of  tears  is  increased  partly  reflexly,  and  partly  by  the  out- 
flow being  prevented  by  the  expiratory  pressure. 

Function. — The  tears  moisten  the  bulb,  protect  it  from  drying,  and  float  away 
small  particles,  being  aided  in  this  by  the  closure  of  the  eyelids,  .^tropin  dimin- 
ishes the  tears  {Mogaard). 

Composition. — The  learsarcalkaline,  saline  to  taste,  and  represenla  ''serous*' 
secretion.  Water  98.1  to  99  ;  1.46  organic  substances  (o.i  albumin  and  mucin, 
0.1  epithelium)  ;  0.4  to  0.8  salts  (especially  NaCl). 

[Action  of  Drugs. — E&sential  volatile  oils  and  eserin  increase  the  secretion  of  tears,  atropin 
arrests  it,  while  eserin  antagonizes  the  effect  of  atropin  and  causes  an  increased  secretion.] 

405,  COMPARATIVE— HISTORICAL— Comparative. — The  simplest  form  of  visual 
apparatus  is  reprej.eiited  by  aggregailont  of  pigment  celk  In  the  outer  coverings  of  the  body,  which 
are  in  connection  wi:h  the  lerminalion  of  afiercnl  nerves.  The  pigment  abwrbs  llic  rays  of  light, 
and  in  virtue  of  the  light  ether  discharges  kinetic  energy,  which  excites  the  terminations  of  the 
nervous  aj^arxlus.  Collections  of  pigment  cells,  with  nerve  ftt>rus  atlacheii,  and  [uovided  wilh  a 
clear  refractive  l>ody,  occur  on  the  margin  of  ihc  bell  of  the  higher  medusae,  while  tlie  lower  forms 
have  only  agi;regatiuns  of  pigment  un  the  bases  of  iheir  tentacles.  Also,  in  many  lower  worms 
there  are  pigmrnt  spots  near  the  brain.  In  others,  the  pignicnt  lies  as  a  covering  round  the  tcrmina* 
tions  of  ihc  nerves,  which  occur  as  *'  crystalline  rods  "  or  •*  crystalline  spheres."  In  parasitic  worms, 
the  visual  apparatus  is  al)sent.  In  star-fishes,  the  eyes  arc  at  the  tips  of  tlie  arms,  nnd  consist  of  a 
spherical  cr>slul  organ  surrounded  with  pigment,  with  a  nerve  going  lo  it,  In  all  other  echinoder- 
naaia  there  arc  only  accumulations  of  piguiL-iit.  .-Vmong  (he  annulosa  there  are  several  grades  of 
visual  n|i[Hiialu^.  (l)  Without  a  cornea,  there  may  Ik;  unlyonc  crystal  sphere  (nervous  end 
organ)  near  the  brain,  as  in  the  young  of  the  crab ;  or  there  may  be  several  crystnl  spheres  forming 
a  compound  eye,  as  in  the  lower  oralis.  (2}  With  a  cornea,  con^tisiing  of  a  lenticular  I  ody  formed 
from  the  chitin  of  the  outer  integument,  the  eye  itself  may  be  simple,  merely  consisting  of  one 
cr>-stal  rod,  or  it  may  be  compound.  Tlie  comjiound  eye  consists  of  only  une  large  Icnticulac  cornea, 
common  to  all  the  cry^al  rods,  as  in  the  spiders ;  or  each  crystal  rod  Kis  a  special  lenticular  cornea 
for  itself.  'ITic  numerous  ro<Is  surrounded  by  pigment  are  closely  pocked  together,  and  n.re  arranged 
upon  a  curved  surface,  so  that  their  free  ends  also  form  a  part  nf  a  sphere.  The  chitinous  invest- 
mcpt  of  the  head  is  faceted,  and  fotma  a  small  corneal  lens  on  the  free  end  of  each  rod.     According 
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to  one  view,  cKh  fBcelte,  whh   the  lens  and  crjrstal  sphere,  »  a  special  eye,  and  jtm/t  as  oan  In» 
two  eyes  »o  insects  have  several  hundred.     Euch  eye  sees  the  picture  or  ihc  outer  wurld  /n  JMfc     Hik 
view  is  supported  by  the   ronowini;  experiment  of  van  Leenwi-nhuck  :      If  the  cornea   be  slteftd  off, 
each  facettc  thereof  gives  a  special  image  of  an  object.     If  a  craasbe  mode  on  ihe  mimM-  f*(  a  micro- 
scope, while  a  piece  of  the  faccttei)  cornea  is  placed  as  an  object  ujion  the  uagc,  (hen  w«  ire  an 
image  of  the  cross  in  each  facette  of  the  cornea.     Thus  for  each  rod  (crystal  sphere)  there  woaUl  be 
a  special  image.     Each  cumeal  facelte,  however,  forms  only  a  |>art  of  tlic  image  of  the  outei  world, 
so  that  we  must  regard  IheitUiige  as  .composed  like  a  mosaic.      Among  molluaca,  the  fixed  bndu- 
opoda  have  two  pigment  spots  near  the  brain,  but  only  in  their  larval  coiidiliun  ;  while  the  mtood 
has,  urtder  similar  conditions,  pigment  spots  with  a  refractive  lx>dy.     The  adult  muuel.  however,  hat 
pigment  spots  (QCcUi)  only- in  the  margin  of  the  mantel,  but  some  mollusks  have  stalked  and  higUr 
developed  eyes.     Some  of  the  lower  snails  have  no  eyes,  some   hnve  pigment  spots  on  the  hcaiiL 
while  the  garden  snail  ha<t  stalked  eyes  provided  with  a  cornea,  an  optic  nerve  with  retina  and  pif- 
ment,  and  even  a  leiui  and  vitreous  body.     Among  cephalopoda,  the  nautilus  hax  no  cornea  cr  len, 
so  that  the  sea  water  fk>ws  freely  into  the  orlxns.     Others  have  a  leas  and  no  cornea,  while  loroe  k«fc 
an  opening  in  the  cornea  (l^oligo.  Sepia. Octopus).     All  the  other  {Mrisof  the  eye  irc  well  dcvdofd. 
Among  vertebrata,  Amphioxus   lias   no  eyes.     They  exist   in   a  degenerated  cnnditiou  in  iWlcai 
and  the  mammal  Spalax.      In  many  tithes,  ntDphtbians,  and  reptiles,  the  eye  is  covered  Ivf  a  piece  (4 
iransparenl  nUin.     [Pineal  or  Epiphysial  Eye. — Some  liijurds,  f.  j^.,  Hatterta,  have  a  ru-iimtaiMff 
inedinn  eye  in  the   median  line  of  the  head.  And  lodged   in  the  parietal   foramen.      It  b  devdopod 
from  the  pineal  body,  and  its  lens  is  formed  from  the  optic  cup,  so  that  light  falls  upon  the  rtitna  alb- 
out  iienetraling  the  titnes  of  theo|)tic  nerve.     Thus,  it  is  an  mverlebrate  type  of  eye.  where  ihentaw 
and  leiu  ore  developed  from  epidermal  structures,  white  in  the  venebraic  eye,  Ihe  retina  ts  devrlenrf 
from  the  cerriinim.]     Some  hAg-fuhcs,  the  crocodile,  and  birds  hnve  eyelids,  and  a  nktiUtiiif 
mcmbTane  at  the  inner  angle  of  the  eye.     Connected  with  it  is  the  Harderian  g^land.     lo  oisai- 
mals  the  nictitating  membrane  is  rcjircscnled  only  by  the  plica  semilunaris.     There  is  no  lackrTnal 
apparatus  in  fishes.     The  tears  of  snakes  remain  under  the  walch-glais  like  cutis  with  wh  ch  the  tya 
are  covered.     The  sclerotic  often  contains  cartilage   which  may  osidfy.     A    vascular  oryan,  ihepro* 
cessus  falcifomiis,  parses  from  the  middle  of  the  choroid  into  the  interior  of  the  vitreout  \sfif  b 
<>sscous  lislies,  its  auicrior  extremity  being  termed  the  camuoiiula  ftallcri.     Similarly,  then  n  Ifw 
pecten  in  birds,  hut  it  is  (irovidcd  with  muscular  fibres.     In  birds  the    cornea   is  surroondal  bft 
bony  ring.     The  whale  has  on  enormously  thick  sclerotic.     In  aquatic  animals,  the  Icos  n  oetflf 
spfaciical.     The  muscles  nf  the  iris  and  choroid  are  transvcru^ty  striped  in  birtU  and  reptiles-    TW 
retinal  rods  in  all  Terlebrales  are  directed  fi'omlieforebcickward,  while  the  analogous  cicmcsitaloyitil 
nMU  and  iiphere^)  in  invcitcbraia  are  directed  from  behind  jbrward. 

HiBtorical. —  Ihe  Htpiwcratic  School  were  ac()uainted  with  the  optic  ncrre  and  lens.  AriMlr 
(384  r.c.i  mentions  that  section  of  the  optic  nerve  causes  blindness— he  was  acouainird  with  ito 
images,  short  and  long  >i;rht.  Herophilus  (307  n.c.)  discovered  the  retina,  and  the  ciliarv  pnxaaa 
received  their  name  in  his  school.  (Jalen  (131-203  a.d.1  described  the  six  musclcs  of  Oie  eyttaU, 
the  puncta  lachrymalia,  and  tear  duct.  Aercngar  (1521)  was  aware  of  the  fatty  ruaiter  at  the  odg* 
of  the  eyelids.  Stephanus  (1545)  and  C^sseri  (1609)  descrit*ed  the  Meibomian  glands,  whkh  ««r 
nflerwnnl  re<lescribed  hy  Metboni  ( 1666).  Eallopius  described  the  vitreous  memhraiw  and  the  ciliirT 
ligament.  Plater  (1583)  mentions  that  the  posterior  surface  of  the  lens  is  more  curved.  AldronB^ 
observed  the  remainder  of  the  pupillary  membrane  (15991.  Ot>&crvations  were  tnadc  at  the  tiaed 
Vesalius  (1540)  on  the  refractive  action  of  the  lens.  Leonardo  da  Vinci  compared  the  eyr  !*• 
camera  obscura.  Maurotykos  compared  the  action  of  the  lens  to  that  of  a  lens  of  glas«,  but  it  ra 
Kepler  ( 161 1)  who  first  showed  the  true  refractive  index  of  the  lens  and  the  fhrmation  nf  the  rcfiMl 
image,  hut  Ik  thought  that  during  accomnKxIaiion  the  retina  moved  forward  and  backward,  Tla 
Jesuit,  Scheincr  (f-t65o),mcnlton»',  however,  that  the  IcQs  becomes  more  convex  by  thr  ciltarv  pr» 
cesses,  and  he  assiimed  the  existence  of  muscular  Hbrrs  in  the  uvea.     He  referred     >  <>i 

sight  lo  the  curvature  of  the  lens,  and  he  first  showed  the  retinal  image  in  an  exci-  & 

regard  lo  the  use  of  spectaclea  there  is  a  reference  in  Tliny.  It  is  said  that  at  the  lir\;iiHun^  vt  tbr 
14th  century  tl*e  Morenline,  Salvinod'Armatodegli  Armati  di  Fir  (f  131 71.  ami  thcniotik.  AtdMnira 
dc  Spina  (fijij).  invented  spcclacles.  Kepler  ( 161 1)  and  Descartes  (1637)  descril>ril  t)M-ir  aiiot 
Mayo  tti852)  dcscrilied  the  3d  nerve  hs  the  cc  rwtrictor  nen-e  of  the  pupil.     Zinn  1.  <■■ 

siderably^D  our  knowledge  of  the  structure  of  the  eye.     Ruysch  described  muscm  -t 

iris  a"d  Mnnm  descrilied  the  sphincter  of  the  pupil  (1794)  Jacob  descril^ed  the  tMciUwy  Uyaci 
the  rciioa — Scmmcring  (1791)  the  yellow  spot.  Jlrewster  and  Chossal  (1819)  tested  iherc6aar»i 
Indices  of  the  optical  media.     Furkinjc  (1819)  studied  subjective  vision. 
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406.  THE  ORGAN  OF  HEARING.— Stimulation  of  the  Auditory 
Nerve. — Thf  normal  manner  in  which  the  auditory  nerve  is  excited,  is  by  means 
of  sonorous  vibrations,  which  set  in  motion  the  end  organs  of  the  acoustic 
nerve,  which  lie  in  the  endolymph  of  the  labyrinth  of  the  inner  ear,  on  membra- 
nous    exi>ansions    of    the 

cochlea  and    semicircular  ^^^Z?' 

canals.  Hence,  the  so- 
norous vibrations  are  first 
transmitted  to  the  fluid  in 
the  labyrinth,  and  this,  in 
turn,  is  thrown  into  waves, 
which  set  the  end  organs 
into  vibration.  Thus,  the 
excitement  of  ihe  auditory 
nerves  is  brought  about  by 
the  mechamcal  siimuhtion 
of  the  Wiwe  motion  of  th. 
iymf*h  of  the  tahyrinth. 

The  fluid  or  lymph  of 
the  labyrinth  is  surrounded 
by  the  exceedingly  hard 
osscoas  mass  of  the  tcm- 
jmra!  bone  (Kig.  577). 
Only  at  one  small  roundish 
and  slightly  triangular  area,  ^^^^^  ^^  ^^ 
the  fenestra  rotunda  (r), 
the  fluid  is  bounded  by  a 
delicate  yielding  mem- 
brane, which  is  in  contact 
with  the  air  in  the  middle 
ear  or  tympanum  {?).   Not 

far  from  the  fenestra  rotunda  is  the  fenestra  ovalis  (o),  in  which  the  base  of  the 
stapes  if)  is  fixed  by  means  of  a  yielding  membranous  ring.  The  outer  surface  of 
this  also  is  in  contact  with  the  air  in  the  middle  ear.  As  the  perilymph  of  the 
inner  ear  is  in  contact  at  these  two  places  with  a  yielding  boundary,  it  tsclear  that 
the  lymph  itself  may  exhibit  oscillatory  movements,  as  it  must  follow  the  move- 
ments of  the  yielding  boundaries. 

The  sonorous  vibrations  may  set  the  perilymph  in  vibration  in  /54r^^  different 
ways : — 

■ux.  Conduction  through  the  Bones  of  the  Head.— This  occurs  especially 
when  the  vibratmg  solid  body  Is  applied  dircftly  to  some  part  of  the  head,  e.  g.,  a 
tuning  fork  placed  on  the  head,  the  sound  being  propagated  most  intensely  in  the 
direction  of  Ihe  prolongation   of  the  handle  of  the   instrument — also  when   the 

_    sound  is  conducted   lo  tifie  head   by  means  of  fluid,  as  when  the  head  is  ducked 
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:  omui  of  HurlnK-  AG,  exteniAl  auditory  mutus  ;  T,  tynpaox 
uiembraaT;  K,  malleus  with  iis  head  (A),  s)v:>ii  pr>'ce«s  (ity^,  and  h.in'Ue 
(m);  •!,  incu»,  lU  short  proccu  \j!\,  and  its  long  proceu  united  lo  the 
»tape(  [^)by  nieanft  of  the  Sylvian  ossicle  (<):  P.  intddie  ear;  d,  iuiMtni 
ovalU  ;  r*,  len»ua  rotunda;  .c,  l>«ctnnins  of  the  l.tmiiu  spiralif  nf  thic 
cochlen  ; //,  scAla  tympiinij  and  vt,  »cab  ve<(iibuli  :  V,  vc«tr1iuli :  S,  «JC- 
cul« ;  17,  utricle :  H,  ^emicirciiTiaf  cnnaU ;  TK.  ICuittarhlan  tube  lite 
lung  arrow  Indicates  the  line  of  tracdunof  the  Ictuar  lympani ;  the  ibort 
curved  one,  ihat  of  the  tUpediui. 
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under   water.     Vibrations  of  the  air,   however,   are  practically  fioi    tmtslifncd 
directly  to  the  bones  of  the  head,  as  is  shown  by  the  &ct  that'we  are  deaf  wboi 

the  ears  are  stopped. 

Tb«soft  puts  of  the  bead,  »bicfa  lie  immediatclTapoii  booe.  ooadKtn«Bdbesl.iBd^lbe«nieCi^ 
ine  part,  the  bat  cooductor  u  tbc  cattilBj>iDoas  portioo  of  the  exMimal  tm.  Bol  cna  SBdcr  oc  mtm. 
&T«nble  circnmstaact.  oooduction  throi^  the  boocs  of  ibe  bead  b  far  Uam  tSeaiwK  tkaa  ike  cd*. 
ductkw  of  tbe  soond  watcs  Lhroogh  tbc  cxtenwl  aadilsry  metfat.  If  b  tmmig  fork  k«  Mwlr  to 
vibntte  between  the  teeth  until  we  no  tocher  bear  it,  its  tone  avy  sdll  be  Wand  at  lriaf)Hc  a  aor 
xJaecvi  (Xi»ime\.  The  Cxxtdactioa  tbtougfa  \\u  Iiimii  i  ii  fiiiaul  Btii  ii  Ihi  iwfillMii— an  ma  Iimi 
fcrred  from  the  bones  to  tbe  tympanic  ineaibnBe,  aad  are  that  inaiiiiml  lo  Ae  air,  ia  Ibe  aaacrcKi 
Hence,  we  bear  the  mhukI  oC  •  tunitig  fccfc  a|y&c»l  to  Ac  had  beBcr  wfacn  tbr  can  are  atapped,  ■ 
tbU  pre«cnt»  tbc  ptuptgatioa  of  tbe  sowad  waves  t]»aa|;h  Ibc  vr  iailw  oatar  car.  U.  m  a.  M^fm- 
aOD,  the  coadwaioo  is  sbU  naimal  ifaroagfc  the  cwiaj  bcau»  abea  AecHKaf  ikedeaAi^isaai  ■ 
dke  DCTTPOfc  part  of  tbe  ear,  tml  in  the  otsaal  soand-caadacliae  p«t  of  tfK  fTfT*^a 

a.  Normal  hearing  takes  place  through  the  extetnal  auditory  meatot. 
The  eDorrootts  vibrations  of  tbe  air  first  set  the  tympanic  mciabcaoc  ia  nbcaim 
(Fig.  577.  T) ;  this  noo^-es  the  malleas  {k),  whose  long  proces  is  macftcd  ioto  h ; 
ine  maUcus  mo%-cs  the  iociis  («),  and  this  ibc  stapes  (/),  vfakh  iiimfti  die  hio«v- 
roents  of  its  plate  to  tbe  perilymph  of  the  labyrinth. 

9.  DIract  CoodoetioB  to  tbc  Fenestra. — la  mam,  m  umti^mci  of  < 
■idfle  ov,  wha^  tbe  Iji—ir  ftriar  and  aaAaey  AHdas  aaf  be 
aKHnlvi  a>^  be  <  >c  ^wl,  abhoa^h  vb^  w  ■  voy  fiidble  ■aano'B  by  ttv 
^woly  tiawfewed  to  tbe  aii  ailiii  «/  ibe  fcactfra  iiilaali  (r),«Md  te 
ova&a  (•).     The  BK^Ujm  of  tbc  fisncsta  leUaada  say  v9Biae  ^bm.  r« 
b  do«d  wkb  a  r«id  body  ( ^T^^f^Litt^ 

4or.  PHYSICAL  INTRODUCTIOW.- 
latiJili  yiBaMJa*     Thcra^K   rutiwiiii 
^■Baaopa  *  €■■  to  oner  wann^  aavMB  ^^nva  ■  va^s  ise  ■■ 
&CCMB  «(  Ibc  p*Dfac»toB  •i' the  s^  se  cac^Bd.    Aiato 

t»H  to  oar  otos  eir.  Tbc  iganiiwi  af  ibe  atotoAac  Mr  i 
i.  r^aBibcptottdaaf  *e«4niacfaadrtoc«iwifa  toAea 
1  totoahaawiy,  Acy  iFarb  tbe  toawi^  ■ 

t  of  a  toMv  t.  «,  Ibe  dMMBC  tf  ^  aaBiH^  «d  4 
»lhe  4to«faa  affibe    IkHii  ^i^  ha^i 

<be  waae.  tbca  i  =  ■  <,  wbaiL  m  =  J<ttg  mmbc^wMA  a  4 

per  aaootoi.  £  c  actoi^  hw  Btoo  to  npal 

C!^ed  bvM  acecA  to  c^^aaca  times  fatoa 
jatoe»iifcM;w*M^bewtopaa 

ibcyterf     *    ■       prfwwai^^to^l 


teCAea 
iC>bc 

ro-al 


■4S5' 


.^«ei 


Tbr] 


.t  e,l 


»4r»i 


s  the  ' 
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408.  EAR  MUSCLES— EXTERNAL  AUDITORY  MEATUS.— When  the  extemsl 
ear  is  ahKcnt,  little  or  no  impaitment  of  the  hearing  is  olwcrvcd ;  hence,  the  physiological  functions 
of  iliesc  organs  ore  but  sligtit.  Uucfhaave  thought  tliAt  the  elevations  and  dqirc^sions  of  ihc  outer 
car  might  be  connectwl  with  the  reflection  of  the  sound  waves.  Numerous  sound  wavci,  however, 
must  be  again  rellecied  outward;  and  those  waves  which  reoch  the  deep  part  of  the  cuiicha  nre 
taid  to  be  rellccted  toward  the  tragus,  to  be  rctlccted  by  it  into  tlie  extcmul  auditory  meatus. 
According  to  Schneider,  when  the  depressions  in  the  enr  are  tilted  up  with  wax,  hearing  is  impaired  : 
other  observers,  however,  have  found  the  hearing  to  lie  unaflccted.  Mach  points  out  that  the  dimen- 
sionx  of  the  external  ear  are  proportionally  loo  small  to  act  as  reflecting  organs  for  the  wave  lengths 
of  noises. 

Muscles  of  the  External  Ear. — (1^  The  whole  ear  is  moved  by  the  retrahente:*,  nttrahens, 
and  nttoUens.  (2)  The  form  oi  the  ear  may  be  altered  by  the  tragicus,  aiuitragicus,  hclicis  major 
and  minor  inttrmt/ly  :  and  by  the  transversus  and  obli<|uus  auricuL*?  exiernaily.  Persons  who  can 
move  their  ears  do  not  tind  that  the  hearing  1.4  influenced  during  the  movement.  The  Mm.  helicls 
major  and  minor  are  regarded  as  elevators  uf  the  lielix;  the  transversu^  and  obltquus  auriculx  as 
dilators  of  the  concha;  the  trn^icus  and  antitrngicus  as  constrictcMrs  of  the  meatus.  In  animals,  the 
exicmAl  ear  and  the  action  of  lis  muscles  have  a  marked 
effect  upon  hearing.  The  muscles  poini  the  ejix  in  the 
direction  of  ihc  ¥Ound,  while  other  muscles  contract  or 
dilate  the  s|]ace  within  the  external  ear.  In  many  diving 
animals,  the  meatus  con  be  closed  by  a  kind  of  valve. 

The   external  meatus  is   ;  to 
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The  etriemal  auditory  meaitu  and  th«  tympanic 
cavity.  M,  o«'*cau»  Hpacea  fn  ihe  tempond 
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L,  mcmbratiuuk  udioh  between  t>uth ;  Fi 
BtirimlarMirEKce  for  ib«  condyle  of  the  lower 
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long  [i||  to  \yl  inch],  8  to.9  mm.  high,  and 
6  to  8  mm.  bruaci  at  its  outer  o[>ening  (Fig. 
578).  It  is  the  conductor  of  the  sound  waves 
to  the  tympanic  membrane,  so  that  almost  all 
the  sound  waves  first  impmge  upon  its  wall,  and 
are  then  reflected  toward  the  tympanic  mem- 
brane, 'i'o  see  well  down  into  the  meatus,  we 
must  pull  the  auricle  upward  and  backward. 
Occlusion  of  the  meatus,  especially  by  a  plug 
of  inspissated  wax  (§  287),  of  course  interferes 
with  the  hearing  [and  when  it  presses  on  the 
menibrana  tympani  may  give  rise  to  severe 
vertigo]. 

409.  TYMPANIC  MEMBRANE.— 
The  tympanic  membrane,  which  is  tolera- 
bly laxly  fixed  in  a  special  osseous  cleft,  with  a 
thickened  margin,  is  an  elastic,  unyielding,  and  almost  non-extensible  membrane 
of  about  o.  I  nmi.  in  thickne.'^s,  and  with  a  superficial  urea  of  50  scpiare  miHimetres 
(Fig.  581).  It  is  elliptical  in  form,  its  greater  diameter  being  9.5  to  10  mm.,  and 
its  lesser  8  mm.,  and  it  is  fixed  in  the  floor  of  the  external  meatus  obliquely,  at  an 
angle  of  40°,  being  directed  from  above  and  outward,  downward  and  inward. 
Buth  tympanic  membranes  converge  anteriorly,  so  that  if  both  were  prolonged 
they  would  meet  to  form  an  angle  of  130°  to  135°-  The  oblique  position  enables 
a  larger  surface  to  be  presented  than  would  be  obtained  if  it  were  stretched  vcrti- 
<;aliy,  so  that  more  sound  waves  can  fall  vertically  upon  it.  The  tnembrane  is  not 
stretched  flat,  hut  a  little  imdcr  its  centre  (umbilicus)  it  is  drawn  slightly  inward 
by  the  handle  of  the  malleus,  which  is  attached  to  it ;  while  the  short  process  of 
the  malleus  slightly  bulgt^out  the  membrane  near  its  upper  margin  (Figs.  577,  584). 

Structure. — The  ty^mpanic  membrane  con.^L<its  of  three  layers:  (1)  The  membrana  propria 
13  a  fibrnis  membrane  with  radial  fibres  on  it.s  outer  surface,  and  circularly  arranged  fibres  on  its 
inner  a>{x.-ct.  (3)  The  surfHCc  <[irecied  toward  the  meatus  is  covered  wilh  u  Ihin  and  .semi- trans- 
parent port  of  tlvc  cutis.  (3)  The  side  toward  the  tympanum  is  covered  with  a  delicate  mucous 
membrane,  with  simple  squamous  epi^hpljum.  Numerous  nerve*  and  lymph  veuels,  as  well  as 
inner  and  outer  blood  vessel87"occur  in  ihe  membrane. 

[The  middle  layer,  or  substantia  propria,  is  fixed  to  a  ring  of  bone,  which  is 
deficient  above.     It  is  filled  up  by  a  layer  composed  of  the  mucous  and  cutaneous 
layers,  called  the  membrana  flaccida^  or  Shrapnell's  membrane.] 
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THE    MEMBRANA   -n'MPANI. 


[ Exarnination. — >V'hen  ntamining  ihe  ouicr  car  and  membnuut  lymfMni,  poll  (he  muk\p  i 
And  l>ackwar(l.  The  nieinbraiia  lympani  is  chamiDed  by  means  of  an  cat  tprculutn  lFi{.  $S|^ 
The  speculum  h  ploccd  in  the  ew,  nnd  lipht  u  rclVcled  inio  It  by  means  of  a  Cfmc4'rc  niirr-jr.  [« 
foralcd  in  the  centre,  and  having  a  focal  distance  of  four  or  five  inchfs.  It  is  con»ciii*^t  loKat^thf 
mirror  fixed  to  n  hand  placed  rountl  the  heid,  as  in  the  case  of  the  Iat7-ng(>«cc?f)ic  reHr^or  i li); 
359}.  It  is  impoiiani  to  rL-nicnii>cr  that  the  niembrnne  is  placed  obh'|uely,  so  that  ihc  fKnirtM  t&.i 
upper  paru  are  nearer  the  surface.  Tlie  membrane  in  health  U  ^layith  iu  color  and  trani{amt.io 
that  the  haniUe  of  the  mallcns  is  seen  running  from  alx)ve  downwanJ  and  backwrud,  wbUeH  tbe 
anterior  and  inferior  part  there  is  a  cone  of  light  with  its  apex  difccted  iaward.] 
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Tympanic  tnrmbr^nc 
vrith  I  he  auditory  o*- 
■iclcfc  {left)  iieen  from 
within.  Ci,  Inciii ; 
Cm.  ni«llrt>« :  Ci, 
chonla  lympani;  7", 
iKxich-Iitcc  JcprcMion 
(after  VrKtMtuhitttk). 


Fig.  380. 


rw. 


Fig.  581. 


T* 


0 

0 

n 


Tympanic  mcmbniae  aiul  titc  auditory  oiilctci  {\tM  «««n 
(rum  wittiin,  f.  f  from  (he  lympAnic  caviiy.  M.  nta- 
tiuliHum  nr  handle  of  the  mxltmk  ,  T,  insertion  nf  ihc 
tcitKir  tympani;  k.  head;  /F,  long  pnxcM  of  the 
malleucj  o,  incui,  with  ilie  ihurt  (K)  and  Iba  Innf  (/) 
|iroc(si> ;  S,  pUle  (il  the  *t-'«[>c«  ;  Ajr,  A^,  \*  (he  com* 
tnon  axi*  olroutivi'  of  the  auilitory  dmicIc*  ;  5,  Uie 
pinloU'Whccl  arrarif^ciiienr  lielwern  the  dmIIoim  and 
UK  us. 


Ear  ipccnla,«f  * 


Tynpank  ineiabrane  o( 
a  aawborn  child, lecn 
from  without,  with  the 
handle  df  the  tiullcti« 
visible  on  il.  A^^  tym- 
panic rins.wlth  lU  &n> 
terlor(»)aiKl  pocterior 
(*>Cflds. 

Function. — The  tympanic  membrane  catches  up  the  sound  waves  which 
trate  into  the  external  meatus,  and  is  set  into  vibration  by  them,  the  vibration*  i 
responding;   in   number  and    amplitude  to  the  vibrating  movements  of   the 
Politzer  connccltd  the  auditory  ossicles  fixed  to  the  tympanic  membrane  of  a  d 
with  a  recording  apparatus,  and  could  thus  register  the  vibrations  produced 
sounding  any  particular  lone.     Owing  to  its  small  dimensions,  the  tympanic  me 
brane  c^n  vibrate  in  tofo,  to  and  fro  in  Ihe  direction  of  the  sound  wa^^et  corrr 
sponding  to  the  condensations  and  rarefactions  of  ihe  vibrating  air,  and  thrrci 
executes  fransverse  vibrations^  for  which  it  is  specially  adapted,  owing  to  the  \ 
tively  shght  reMstance. 

Fundamental  Note. — Stretched  strings  and  membranes  are  generally  onl; 
thrown  into  actual  atid  considerable  sympathetic  vibration  when  they  are  aflccirf 
by  tones  which  correspond  with  their  own  fundamental  tone,  or  whose  Dttmber 
of  vibrations  is  some  multiple  of  the  number  of  vibrations  of  the  same,  as  ibf 
octave.  When  other  tones  act  on  them,  they  exhibit  only  inconsiderable  symf 
thetic  vibration.  If  a  membrane  be  stretched  over  a  funnel  or  cylinder,  and 
nodule  of  sealing  wax  attached  to  a  silk  thread  be  made  just  to  touch  the  cent 
the  membrane,  then  the  sealing  wax  remains  nearly  at  rest  when  tones  or! 


ruNcxroNS  of  the  outer  ear. 


851 


are  made  in  the  neighborhood  j  as  soon,  however,  as  the  fundamental  or  proper 
tone  of  this  arrangement  is  sounded,  the  nodule  is  propelled  by  the  strong  vibra- 
tions of  the  membrane. 

If  we  apply  this  lo  the  lympLinic  membrane,  then  it  also  :ihauld  exhibit  very  great 
vibrations  when  iis  own  fundamental  note  is  sounded,  but  only  slight  vibrations 
when  other  tones  are  produced.  This,  however,  would  produce  great  inequality 
in  the  audible  sounds.  There  is  an  arrangement  of  the  membrane  whereby  this  is 
prevented,  (i)  Great  resistance  is  offered  to  the  vibrations  of  the  lymjianic 
membrane,  owing  to  its  union  with  the  auditory  ossicles.  These  act  as  a  damping 
apparatus,  which  provides,  as  in  damped  membranes  generally,  that  the  tympanic 
membrane  shall  not  exhibit  excessive  sympathetic  vibrations  for  its  own  funda- 
mental note.  But  the  damping  also  makes  the  sympathetic  vibrations  less  for  all 
the  other  tones.  In  this  way,  rf// vibrations  of  the  tympanic  membrane  are  modi- 
fied ;  especially^  however,  is  the  excessive  vibration  diminished  during  the  sound- 
ing of  its  fundamental  tone.  The  membrane  is  at  the  same  time  rendered  more 
capable  of  responding  to  the  vibrations  of  different  wave  lengths.  The  damping 
z\^G prertttts  afUr  vibrations.  (2)  Corresponding  to  the  small  wflij  of  the  tym- 
panic membrane,  its  sympathetic  vibrations  must  also  be  small.  Nevertheless,  these 
slight  elongations  are  quite  sufficient  to  convey  the  sonorous  movements  to  the 
most  delicate  end  organs  of  the  auditory  nerve  ;  in  fact,  there  are  arrangements  in 
the  tympanum  which  still  further  diminish  the  vibrations  of  the  tympanic  membrane. 

As  V.  llclmholu  has  shown,  tb?  strong  sympathetic  %'ihrn(ions  of  the  tympanic  membrane  arc  not 
completely  &ct  aside  by  this  damping  orran^emcnl.  Tlie  painful  Mnsations  produced  by  bumc  tones 
Arc,  perhaps,  Hue  lo  the  sympathetic  viUnlion  of  the  mcmbrana  lymp.-ini.  Accordiog  lo  KcsscI, 
certain  parts  of  the  membrane  vibrate  to  cerlftin  tones ;  the  shortest  rodul  fibres  of  the  upper  part  of 
the  anterior  and  upper  segment  vilMTate  with  the  highest  tones,  the  lonf^est  fibres  at  the  posterior  segment 
with  the  deepest  tones.     At  the  upper  part  of  the  posterior  segment  noises  are  transmitted. 

According  to  Pick,  the  tympanic  nicmbranu,  besides  possessing  the  property  of  taking  up  all 
vibrations  with  nearly  equal  intensity,  b.is  also  the  pro|>ertie9  of  a  resonance  apparetus;  i.  e.,  it 
causes  a  summation  of  thir  energy  of  successive  vibrations.  Tliis  is  due  to  the  funnel  shape  of  the 
mcmliranc,  and  to  the  radial,  rigid  insertion  of  the  handle  of  the  mallco't. 

Pathological. — Thickenings  or  inequalities  of  the  tympanic  membrane  interfere  with  the  acute- 
ness  of  hearing,  owing  to  the  diminuhcd  CApocity  for  vibration  thereby  pr«<luced.  Holes  in  and  loMi 
of  its  suljstance  act  similariy.  In  extensive  destruction,  an  artificial  tympanum  is  placed  in  the 
exterual  meatus,  and  its  vibrations,  to  a  certain  extent,  replace  those  of  the  lost  nicmln-ane  ^  Taymbee^. 
[Pig.  5S3  shows  on  artificinl  tympanic  membrnne.] 

410.  AUDITORY  OSSICLES  AND  THEIR  MUSCLES.— The 
auditory  tsssicles  have  a  double  function, — (i)  By  means  of  the  "  chain  "  which 
they  form,  they  transfer  the 

vibrationsof  the  tympanic  Fin.  584. 

membrane  to  the  perilymph 
of  the  labyrinth.  (2)  They 
also  afford  points  of  attach- 
ment for  the  muscles  of  the 
middle  ear,  which  can  alter 
the  tension  of  the  mcm- 
brana tympani,  and  the 
fr/ssure  on  the  lymph  of 
the  labyrinth. 

Mechanis  m. — The 
/ami  and  position  of  the 
ossicles  are  given  in  Fig- 
ores  584  and  585.  They 
form  a  jointed  chain  which 
connects  the  tympanic 
membrane,  M,  by  means 
of  the  malleus,  A,  incus,  a,  and  stapes,  S,  with  the  perilymph  of   the  labyrinth. 


Fig.  5S3. 
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Toynbcc's  ;knificial 
inrinbr^na  tym- 
poni. 


c  auditory  ossicles  (Hubt).  Cm,  bead  ;  C,ttt<k: 
Pbr,  »hon  pmccM  ;  Prt,  Iobb  procei*  ;  .V,  handle 
(rf  ihe  tnalfeus;  Ci,  body;  o.  aritcaUt  luriace; 

lurl  anij  V.  Iqng  [iitjcesi  of  ihe  incu^:   0.5. 

lUcd  lenliciilAruiticle  ,  C.i.  ticad  ;  4,anl«rior, 


A.»H 


and  p,  posterior  limb  ;  /*,  plaie  ol  ch«  stapes. 
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MECHANISM   OF  THE   AUDITORY  OSSICLES. 


The  mode  of  movement  of  the  ossicles  is  of  special  importance.  The  handle 
of  the  niaTleus  is  firmly  united  to  the  fibres  of  the  tympanic  membrane  (Fig.  58^,  «). 
Besides  this,  the  malleus  is  fixed  by  li^amtnis  which  prescribe  the  direction  of  iu 
movements.  Two  ligaments — the  Hg.  mallei  anlicum  (passing  from  ibe  proccKos 
Folianus)  and  the  posticuin  (from  a  small  crest  on  the  neck) — together  fonn  a  coin- 
mon  axial  bandit' r.  Hglmhollz)^  which  acts  in  the  direction  from  behind  forward, 
i.  e.y  parallel  to  the  surface  of  the  tympanic  membrane.  The  neck  of  the  malleos 
lies  between  the  insertions  of  both  ligaments.     The  united  ligament  determines 

the  "  axis  of  rotation  "  ofihe 
Fin.  585. 


^^ 
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movement  of  the  malleus. 

When  the  handle  of  the  mal- 
leus is  drawTi/AZctin/f  of  course 
its  head  moves  in  the  opposite 
direcilon,  or  outward-  The 
incus,  (7,  is  only  partially  fixed 
by  a  ligament,  which  attaches 
its  short  process  to  the  wall  of 
the  tympanic  cavity,  in  froot 
of  the  entrance  to  the  mastoid 
cells,  *.  The  not  very  tense 
articulation  joining  it  to  the 
head  of  the  malleus,  A,  which 
lies  with  its  saddle-shaped  artic- 
ular surface  in  the  hollow  of  the 
incus,  is  important.  Tlic  lower 
margin  of  the  incus  (Fig.  584^ 
S)  acts  like  a  tooth  of  a  cog 
wheel.  Thus,  when  the  handle 
of  the  malleus  moves  inward 
to  the  tympanic  cavity,  the  inct&« 
and  its  long  process,  b^  which 
is  parallel  to  the  handle,of  the 
malleus,  also  pass  inward.  The 
incus  forms  almost  a  right  angle 
with  the  stapes,  S,  through  the 
intervention  of  the  Sylvian  osa- 
cle,  s.  If,  however,  as  by  con- 
densation of  the  air  in  the 
tympanum,  the  membrana  lympani  and  the  handle  of  the  malleus  move  outward, 
the  long  process  of  the  incus  does  not  make  a  similar  movement,  as  the  malleus 
moves  away  from  this  margin  of  the  incus.  Hence,  the  stapes  is  not  liable  to  l« 
lorn  from  its  socket.  The  malleus  and  incus  form  an  angular  lever,  which  more» 
round  a  common  axis  (Fig.  581  and  Fig.  58SP  A-r,  Kx).  In  \\\cifru*arJ  ruovenwnt, 
the  malleus  follows  the  mcus,  as  if  both  Jormed  one  piece.  The  camumam  axis 
(Fig.  580)  is  not,  however,  the  axial  ligament  of  the  malleus,  but  it  is  fomied 
anUriorly  by  the  procc:'Siis  Folianus,  IF,  directed  forward,  and  posterx^rfy  by  the 
short  process  of  the  incus  directed  backward.  The  rotation  of  both  ossicles  around 
this  axis  occurs  in  a  plane  vertical  to  the  plane  of  (he  membrana  tyropani.  DoHog 
the  rotation,  of  course  the  parts  above  this  axis  (head  of  the  malleus  and  upper 
part  of  the  body  of  the  incus)  take  a  direction  opposite  to  the  parts  lying  below  it 
(the  handle  of  the  malleus  and  the  long  process  of  the  incusi,  as  is  lEMlicatcd  io 
Fig.  585  by  the  direction  of  the  arrows.  The  movement  of  (he  handle  of  the 
malleus  must  follow  that  of  the  membrana  tyropani,  and  vice  v^nd,  while  thctnore- 
roent  of  the  stapes  is  connected  with  the  movement  of  the  long  process  of  the 
incus.     A^  the  long  process  of  the  idcus  is  only  two-thirds  of  the  length  of  the 
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TympsinnBK  and  auditory  o>»icIcs  (leA^  niBcnitie<l,  A.G  ,  cvtemaJ 
mcjiui;  M.mcmbniu  tjmpatu  which  wjituchcil  to  the  handl* 
of  ihc  DtaUeut,  «.  md  dcv  it  tnc  »hoM  proceu,  >;  4,  b«ad  of 
the  autlleia ,  <3,  incui :  it.lts  thorl  )iro<:c«*  with  it*  |i|aincni :  /, 
long  promt :  t.  Sylvias  o^iiclc:  S,  4iape*  :  Ax,  Ajr,  i«  ihc  axil 
vf  rotation  nf  ihe  uMicIci,  it  it  *hi)wn  io  penpcclivc,  and  mmt 
be  una^tocvl  «>  penttnu  tnc  pJaoeof  thepaper;  t,  lioecf  iranion 
of  the  lentor  lymp.ini.  The  uthrr  arrowk  tiKltoiC  the  aKncaicDl 
of  th«  o»icl«*  when  the  l«iuof  contracts. 


MOVEMENTS  OF  THE  AUDITORY   OSSICLES. 
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handle  of  the  malleus  (Figs.  577,  581,  585),  of  course  the  excursion  of  the  tip 
of  the  former,  and  with  it  of  the  stapes,  must  l>e  correspondingly  Uss  than  the 
movement  of  the  tip  of  the  handle  of  the  malleus ;  while,  on  the  other  hand,  the 
_/5w«of  the  movement  of  the  tip  of  the  handle  of  the  malleus,  corresponding  to  the 
diminution  of  the  excursion,  \\\\\  be  increased. 

Mode  of  Vibration, — Thus,  the  movement  of  the  membrana  tympani  inward 
causes  a  kss  extensive  but  a  more  powerful  movement  of  the  foot  of  the  stapes 
against  the  perilymph  of  the  labyrinth,  v.  Helmholtz  and  PoUtzcr  calculated  the 
extent  of  the  movement  to  be  0.07  mm.  The  mode  in  which  the  vibrations  of  the 
membrana  tympani  are  conveyed  to  the  lymph  of  the  labyrinth,  through  the  chain 
of  ossicles,  is  quite  analogous  to  the  mechanism  of  these  ])arts  already  described. 
Long  delicate  glass  threads  have  been  fixed  to  these  ossicles,  and  their  movements 
were  thus  graphically  recorded  on  a  smoked  sMtiAce  {Po/itzer,  Hensen^.  Or,  strongly 
refractive  particles  are  fixed  to  the  ossicles,  while  the  beam  of  light  refiecled  from 
them  can  be  examined  by  means  of  a  microscope  i^Buck,  v.  Hetmhollz).  AH  the 
ex^icrinients  showed  that  the  transference  of  the  sound  waves  is  accomplished  by 
means  of  the  mechanism  of  the  angular  lever,  composed  of  the  auditory  ossicles 
already  described.  As  the  vibrations  of  the  membrana  tympani  are  conveyed  to 
the  handle  of  the  malleus,  they  are  weakened  to  about  one-fourth  of  their  original 
strength  {^PoHtzer).  [The  membrana  tympani  is  many  limes  (30)  larger  than  the 
fenestra  ovalis,  and  the  relation  in  size  might  be  represented  by  a  funnel.  The 
arm  of  the  malleal  end  of  the  lever  where  the  power  acts  is  9)^  mm.  long,  while  the 
short  or  stapedial  arm  is  dyi  mm.,  so  that  the  latter  moves  less  than  the  former, 
but  what  is  lost  in  extent  is  gained  in  force.] 

[Methodt. — PoLilzer  aiiachetl  unall,  very  liglit  levers  lo  each  of  ihe  ossicles,  and  inscribed  their 
movements  on  a  revolving  c>'lin(ier.  An  organ  pipe  was  soiinded,  and  when  the  levers  were  of  the 
!tan)<:  It34{tb,  the  niidleiu  mudc  the  gre2.tcst  excurhion  aiul  the  stape»  the  k-iu>t.  Buck  attached  starch 
grains  to  the  ossicle',  illuminated  them,  and  observed  the  movements  of  the  refraclive  starch  granules 
l^  means  of  a  microscope  provided  with  a  micrometer.] 

[The  ossicles  move  en  masse,  and  not  in  the  way  of  propagating  molecular 
vibrations.]  As  the  excursions  of  the  ossicles  during  sonorous  vibrations  arc,  how- 
ever, only  nominal,  there  is  practically  no  change 
in  the  position  of  the  joints  with  each  vibration. 
The  latter  will  only  occur  when  extensive  move- 
ments lake  place  by  means  of  the  nniscJes.  ,„^,  _  , 
The  muscles  oir  the  auditory  ossicles  alter  the  A*i^KmSm-  'f 
position  and  tension  of  the  membrana  tympani,  as 
well  as  the  pressure  of  the  lymph  of  the  labyrinth. 
The  tensor  tympani.  which  lies  in  an  osseous 
groove  above  the  Eustachian  lube,  has  its  tendon 

i     deflected   roimd  an  osseous   projection   [processus 

I     cochlcariformis],  which  lies  external  to  it,  almosiat 
right  angles  to  the  groove  above  it.  and  is  inserted 
immediately  above   the  axes   of   rotation    of    the' 
malleus  (Fig.  5.S0,  M).    When  the  muscle  contracts 
in  the  direction  of  the  arrow,  /,  then  the  handle  of  ■i'cn«>r  tympani— th«  E»ut«iiUn   lube 
the  malleus  (fl)  pulls  the   membrana  tympani  (M) 

inward  and  tightens  it  (Fig.  585).  This  also  causes  a  movement  of  the  incus  and 
stapes  (S)  which  must  be  pressed  more  deeply  into  the  fenestra  ovalis  as  already 
described.  When  the  muscle  relaxes,  then,  owing  lo  the  elasticity  of  the  rotated 
axial  ligament  and  the  tense  membrana  tympani  itself,  the  position  of  equilibrium 
is  again  restored.  The  motor  nerve  of  this  muscle  arises  from  the  trigeminus, 
and  passes  through  the  olie  ^an^lion  (p.  647).  C.  Ludwig  and  Polltzer  observed 
that  stimulation  of  the  fifth  nerve  within  the  cranium  [dog]  caused  the  above  men- 

■    tioned  movement. 
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ACTION  OF  THE  STAPEDIUS. 


Use  of  the  Tension. — ^The tension  of  the  membrana  tympani  caused  by  the 
tensor  tympani  has  a  double  function  {Joh.  MiilUr) — i.  The  (ense  membrane  offers 
very  great  resislancc  lo  sympathetic  vibrations  when  the  sound  waves  are  vcrv  in- 
tense, as  it  is  a  physical  fact  that  stretched  membranes  are  more  difficult  to  throw 
into  sympathetic  vibrations  the  tenser  they  are.  Thus,  the  tension  so  far  protects 
the  auditory  organ,  as  it  prevents  too  intense  vibrations  applied  to  the  membrana 
tympani  from  reaching  the  terminations  of  the  nerves,  a.  The  tension  of  the 
membrana  tympani  must  vary  according  to  the  degrc^eof  contraction  of  the  tensor. 
Thus,  the  membrana  for  the  time  being  has  a  difTcrent  fundamental  tone,  and  ia 
thereby  capable  of  vibrating  lo  the  correspondingly  higher  tone,  it,  as  it  were,  being 
in  a  (  ertaiii  sense  accommodated  for. 

Comparison  with  Iris. — The  niembran:i  lympani  liu  been  compared  with  the  uis.  Botib  iMf&* 
brancs  prevent  by  contractiun — narrowing  of  tlie  pupil  and  lention  of  tlie  membrana  tympuii — the 
too  intouie  action  of  the  ^lecific  stimulus  from  causing  loo  grrui  «timulaitoa.  and  both  adupi  the 
sensory  apparatus  fur  the  action  of  moderate  or  weak  uimuli.  Thi^  movement  in  both  membnaes  is 
brought  al^ul  rtfiexh,  in  the  car  lhn>u^h  the  N.  acusticua,  which  cauKs  a  reilex  Mimulalton  of  the 
motor  fibres  for  the  tcnwr  tympani. 

EETect  of  Tension.— That  increased  tension  of  the  membrana  tympani  renders  it  less  sautlht 
to  sound  wavi-s  is  eaxjly  prove<I,  thus  :  Close  the  mouth  and  nose,  and  make  either  a  forced  expi* 
ration,  so  that  the  air  is  forced  mio  the  Kustacbian  lube,  which  bulges  out  the  membrana  tympani,  or 
inspire  forcibly,  whereby  the  air  in  the  tympanum  is  <bmtnishe<),  sn  that  the  membrana  bulges  inn  axd. 
In  botli  coies  hearing  is  interfered  with  as  long  as  the  increased  tension  Iniis.  If  a  funnel  with  i 
small  lateral  opening,  and  wbuse  wide  end  i&  covered  by  a  membrane,  be  placed  in  the  eiternal 
meatus,  hearing  becomes  less  distinct  when  the  membrane  i»  suetcbed  (yM.  A/Hf/rr).  If  air  he 
blown  into  the  exiemal  auditory  meatus,  both  lensores  tympani  contract,  and  in  conseqaence  of  this 
the  hearing  of  the  other  ear  is  temporarily  affecteil  {^GflU). 

Normally,  the  tensor  tympani  Is  excited  rtfitxly.  The  muscle  is  not  directly  and  by  ii^^df  sulijecl 
to  the  control  of  the  will.  According  to  L.  Fick,  the  following  pbeoomenon  t«  due  to  an  "associated 
movement  "  of  the  tensor :  When  he  pressed  his  jaws  firmly  against  each  other,  he  heard  in  bis 
earn  piping,  singing  tone,  while  a  capilUry  tube,  which  was  Kxed  air-tif^ht  into  the  mealua,  bad  a 
flrop  of  water  which  was  in  it  rapidly  drawn  inward.  During  thL'«  experiment,  a  perwMi  wbh 
normal  hcnring  hears  all  musical  tone*  as  if  they  were  louder,  while  all  the  highest  non-mtuica]  tooet 
arc  enfeebled  \  Luci3<\.  \\Vt.\\  ya-xnin^,  v.  Kclroholl?  and  Folitzer  found  that  bearing  was  cniiectilcd 
for  certain  tones. 

Contraction  of  the  Tensor. — Hensen  showed  that  the  contraction  of  the  tensor 
tyni|jani  during  hearing  is  not  a  continued  contraction,  but  what  might  be  termed 
a  **  twitch."  A  twitch  takes  place  at  the  beginning  of  the  act  of  hearing,  which 
favors  the  perception  of  the  sound,  as  the  membrana  tympani  thus  set  in  motion 
vibrates  more  readily  to  higher  tones  than  when  it  is  at  rest.  On 
ex|)osing  the  tym])anum  in  cats  and  dogs,  it  was  found  that  this 
contraction  or  twitch  occurs  only  at  the  beginning  of  the  sound, 
and  that  it  soon  ceases,  although  the  sound  may  continue. 
>  Action  of  the  Stapedius. — The  mtiscle  arises  within  the  cmi- 
nentia  p)ramidalis,  and  is  inserted  into  the  head  of  the  stapes  and 
Sylvian  ossicle  (Fig.  fSj;;  when  it  draws  upon  the  head  of  the 
stapes,  as  indicated  in  Fig.  577,  by  the  small  cuned  arrow,  it  must 
place  the  bone  obliquely,  whereby  the  posterior  end  of  the  plate  of 
the  stapes  is  pi^essed  somewhat  deeper  inward  into  the  fenestra 
ovalis,  while  the  anterior  is,  as  it  were,  displaced  somewhat  out- 
ward. The  stapes  is  thereby  more  fixed,  as  the  fibrous  mass  [annular  ligament] 
which  surrounds  the  fenestra  ovalis  and  keeps  the  stapes  in  tis  place  becomes  more 
tense.  The  activity  of  this  muscle,  therefore,  prevents  too  intense  shocks,  which 
may  be  communicated  from  the  incus  to  the  stapes,  from  being  conveyed  to  the 
perilymph.     It  is  supplied  by  the  facial  nerve  (§  349.  3). 

Tlie  stapedius  in  many  pcrsorw  executes  an  auitiatfd  movement,  when  the  eyelids  are  forcibly 
closed  (3  349).  Some  per«ons  can  cau»e  it  lo  Contract  r^fiexh  by  scratching  the  skin  in  front  of  thi 
meatus,  or  by  gently  stroking  Ibc  outer  margin  of  the  orliii  {Hente).  It  seems  to  be  elicited  r^xly 
in  many  di«eate$of  the  ear  when  the  trmpanura  is  being  »_vTinge<l 

Other  Views.— According  to  Lncae,  when  the  stapes  is  displaced  obliquely,  its  bead  foroca  the 
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long  process  of  the  incus,  and  slso  the  membranA  tympani,  putmard,  so  that  it  is  r^rarded  as  an 
atUagoniit  of  the  tcn^r  tympani.  PolitTcr  observed  that  the  [>rcssure  within  the  liil))'riiith  feU  when 
he  5)imulB(rH  the  rouble.  Accordini;  to  Toynbcc,  the  sta^iallus  acta  u  a  lever  and  xmrst^  the  stapes 
slightly  out  of  the  fenestra  ovalis,  thu*  making  it  more  free  lo  move,  so  that  it  is  more  capable  of 
vit>rating.  Henlc  suppones  that  the  stapedius  is  more  concerned  in  firing  th.in  in  moving  the 
stajics,  and  that,  it  comes  imo  nciion  when  there  is  danger  of  too  great  movemenl  being  coiuinuni- 
catcd  to  the  ^lape^  from  the  incus.  Landoia  agreetr  with  this  opinion,  and  comiiares  the  !ita|icdius 
with  the  orbicularis  pnlpehraruTii,  bcth  lieliig  protective  muscles. 

Pathological. — Immobility  of  the  auditory  ossicles,  either  hy  adhesions  or  ajichyhises,  causing 
diminished  vibrations,  interferes  with  hearing;;  while  the  samr  result  nccurs  when  the  stapes  js  firmly 
anchjiosed  into  the  fenestra  ovalis.  The  tendon  of  the  tensor  tym^tani  has  been  divided  in  cases  of 
contracture  of  the  mu.sclcb.     For  paralysis  of  the  leiisor,  ace  p.  648,  and  for  the  stapedius,  p,  652. 

411.  EUSTACHIAN  TUBE~TYMPANUM.--The  Eustachian 
tube  [4  cuntimetres  in  length,  i^g  in.]  is  the  ventilating  tiibofof  the  tympanic- 
cavity.  4t  keeps  the  tension  of  the  air  within  the  tympanum  the  same  as  that 
within  the  pharynx  and  outer  air  (Figs.  577,  586").  Only  when  the  tension  of  the 
air  is  the  sanoe  outside  and  inside  the  tympantim,  is  the  normal  vibration  of  the 
niembrana  tympani  possil>lc.  The  tube  is  generallyjt/tfjg^f.  as  the  surfaces  of  the 
mucous  membrane  lining  it  come  into  apposition.  During  swallowinp^  how- 
ever,  the  tube  is  opened,  owing  to  the  traction  of  the  fibres  of  the  tensor  veli  pala- 
tini [spheno-salpingo-staphylinus  sive  abductor  ttibae  (v.  Trbltsch')^  sive  dilator 
tubac  (^Jitidin^€ry\  inserted  into  the  membrano-cartilaginous  part  of  the  lube 
(Toynbte,  Politzer).  (Compare  §  139,  2.)  When  the  tube  is  closed,  the  vibra- 
tions of  the  membrana  tym|>ani  are  transferred  in  a  more  undiminished  condition 
to  the  auditory  ossicles  than  when  it  is  open,  whereby  part  of  the  vibrating  air  is 
forced  through  the  tube  {Miuh  and  Kcssei).  x  If,  however,  the  tympanic  cavity  is 
closed  permanently^  the  air  within  it  becomes  so  rarefied  (§  139)  that  the  mem- 
brana tymjjani,  owing  to  the  abnormally  low  tension,  becomes  drawn  inward,  thus 
causing  difficulty  of  hearing.  »As^the  tube  is  lined  by  ciliated  epithelium  it  carries 
outward  to  the  pharynx  the  secretions  of  the  tyinfjanum  (p.  501). 

Noise  in  the  Tube. — A  sharp  hissing  uni<ie  is>  heard  in  the  lube  during  swallowing,  when  we 
swallow  slowly  and  at  the  f&me  time  contract  ihe  tensor  tympani,  due  to  the  separation  o<  the  adhe- 
Mve  surfaces  of  its  liuing  membrane.  Anocher  j^erson  may  hear  ibis  noise  t)y  using  a  »lelliu«:ope  or 
hU  ear. 

)4p  Vftlt°tv»'s  experiment  U  ^o),  as  soon  as  the  pressure  of  the  air  reaches  10  lo  40  mm.  I!g, 
air  enters  the  lul»e.  The  soumi  is  heard  5r^,  and  then  we  feci  the  iiicrea*.efl  tension  of  the  tympanic 
membrane,  owing  to  the  entrance  of  air  inio  the  tympanum.  During  forced  inspiration,  when  the 
nose  and  mouth  are  ctoMxl,  air  is  sucked  out,  wtiile  the  tympanum  Lt>  ultimately  drawn  inward. 

TheM.  levator  veli  palatini,  a.<;  il  pa.sse3  under  the  baseof  the  opening  of  the  tube  into  the  pharynx, 
forms  the  Inrntor  eminence  or  cu<>hion  (Fig.  354,  W).  Hence,  when  this  muscle  contrnclM  and  its 
belly  thickens,  as  at  the  commencement  of  the  act  of  dcglntition  and  during  phonaiion.  the  lower 
wall  of  the  pharyngeal  opening  Is  raised,  and  the  opening  thereby  narrowed  {Lucae).  The  conlrac- 
lion  of  the  tenHjr,  occurring  during  the  latter  part  of  the  act  of  dcglatition,  dilaiei  the  tube. 

Other  Views. — According  lo  Kddinger,  the  lube  is  alwaj-s  open,  although  only  by  a  vcr\'  narrow 
paussage  in  the  upper  p.irt  of  the  catial,  while  the  canal  li  dilated  during  swallowing.  According 
to  Oeland,  the  tube  is  generdlly  open,  and  ts  closed  during  swallowing. 

[Practical  Importance. — The  tympanic  cavity  forms  an  osseous  box,  and 
therefore  a  protective  organ  for  the  auditory  ossicles  and  their  muscles,  while  the 
increased  air  space  obtained  by  its  coinmunicalion  with  the  mastoid  cells  permits 
free  vibration  of  the  membrana  tympani.  The  six  sides  of  the  tympantmi  have 
important  practical  relations.  It  is  about  half  :m  inch  in  height,  and  one  or  two 
lines  in  breadth,  ;.  c,  from  without  inward.  Its  roof  i^  separated  from  the  cavity 
of  the  brain  by  a  very  thin  i)iecc  of  bone,  which  is  sometimes  defective,  so  that 
encephalitis  may  follow  an  abscess  of  the  middle  ear.  The  ow/^r  wall  is  formed  by 
the  membrana  tympani,  while  on  the  inftfr'w^W  are  the  fenestra  ovalis  and  rotunda, 
the  ridge  of  the  aqucductus  Fallopii,  the  promontory,  and  the  pyramid.  The  fioor 
consists  of  a  thin  plate  of  bone,  which  roofs  in  the  jugttlar  fossa  and  seiMrates  it 
from  (he  jitgular  vein.     Fractures  of  the  base  of  the  skull  may  rupture  the  carotid 
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in  these  cases.  Caries  of  ihc  ear  may  extend  to  other  organs.  The  amterior  \ 
is  in  close  relation  with  the  carotid  artery,  while  the  posUritrr  communicates  witB 
the  mastoid  cells,  so  that  ftuiils  from  the  middle  ear  sometimes  escajic  through  the 
mastoid  celU.] 

Thit  ibe  air  in  the  tympanum  can  comraanicate  its  vibrmlionv  to  th«  mantirane  of  the  fmMin 
rotunda  is  true  (p.  S4S,  3),  hut  normaliy  this  i^  so  lilight,  when  campared  with  the  coodoctkin 
through  the  auditory  nuticled,  that  it  scarcely  need  be  lukcn  into  account 

Stniciure. — The  tube  and   tympanum  arc  lined   by  common   mucous  inemlir»Dc,  corowl  I7 
ciliated  eptlhclinm,  wliile  the  membraiia  i-s  lined  by  a  Uyer  of  si^uaroous  epithelium.     Mucous  gtiadt 
were  found  by  Trohsch  and  \V>ndt  in  the  mucous  ineml»r»n*:,      [The  e}4- 
Fia.  588.  thcliiim  covering;  the  ossicles  oud  tensor  lymponi  w  not  ciliMetJ  ] 

Pathological. — The  tulw  it  orteu  occludci),  owing  to  cbrDntc  calanfa 
and  naiTuwuig  from  cicalncc^,  hypcnrnphy  of  the  niucoiu  incnthrane,  Of 
the  presence  uf  lumor«.  The  deafnc^.^  thereby  produced  may  oftea  bt 
cured  \sj  cathttnizin^  the  tu1)e  from  the  noM  ^Fig.  $S8L  EfTosioni  ialo 
or  suppuration  within  the  tympanum  of  course  paralyse  toe  soood-COAdiKl* 
Ing  mechanism,  while  intlamnnalton  uften  causes  sub^ccpient  alTectionft  of  tbc 
plexus  tympanicus.    If  the  tcmporaJ  bone  be  destroyed  by  pro;^ressirr  \ 

Fig.  589. 
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within  the  tympanum,  inflammntioa  of  the  neighboring  cerebral  stnictures  may  occur  and  cause  death. 
[Methods. — Not  unfrecjucntly  the  aurisl  \t>  colled  upon  to  dilate  the  Kustachian  tube,  wlud)  n 
certain  cnsn  r«([uires  the  use  of  a  Eustachian  catheter  introduced  into  the  iat>c  along  ihc  floor 
of  the  nose  (Fig.  588*.  At  o«ht-r  limes  lie  re;|uires  lo  fdl  the  tympanic  c«rity  with  air,  which  i>  ciaily 
done  by  means  of  a  Politzer's  bag  {Fig.  5H9).  Tbe  nozele  is  introduced  into  one  nostril,  while  tbr 
other  nostril  is  closed,  and  the  patient  is  directed  to  swallow,  white  at  the  same  moment  the  luiseaa 
compre!«»es  the  hag,  and  the  patient's  mouth  being  cloAcd,  air  is  forced  throogh  ihc  ofien  Kuiiackiui 
tube  into  the  middle  ear.  Sometimes  a  small  curved  narrow  monoroaer.  contAining  a  dno  af 
colored  water,  is  placed  in  the  outer  ear  {PolUner).  Normally,  when  the  patient  swalLmra,  the  Bad 
ought  to  move  in  the  tube.] 

412.  CONDUCTION  QF  SOUND  IN  THE  LABYRINTH.— The 

vibrations  of  the  foot  of  the  stapes  in  the  fenestra  ovalis  give  rise  to  waves  tn  the 
perilymph  within  the  inner  ear  or  labyrinth.     These  waves  are  so-called  '^*fiisst% 
2M?r«/'  I.  ^.,  the  perilymph  moves  in  ma^s  ttefore  the  impulse  of  the  base  of  the 
stapes.     This  is  only  possible  from  the  existence  of  a  yifldxtg 
membrane — that  filling  the  fenestra   rotunda,  and    sometitnes 
calltxl  the  membrana  secundaria^  which  during  rest  btilgrs  in- 
ward to  the  scala  tympani,  and  can  be  bulged  outward  loirifd 
the  tympanic  cavity  by  the  impulse  communicated  to  it  by  the 
movement  of  the  perilymph  (Fig.  577,  r).     The  flexion  warn 
must  correspond  in  nunnl^r  and  intensity  to  the  vibrations  of 
the  auditory  ossicles,  and  must  also  excite  the  free  tcrminatioM 
Exicmai    >pp*ari.nce  of  ^jf  jhg  audtlory  ncrvc,  which  float  free  in  the  endolymph. 
oviiiu.  cochlea  lo  the      As  ihc  ciidolymph  of  the  saccule  and  utricle  lying  in  tbe 
(A')hor*ixiMai'.^nd''fIi  vestibule  receives  the  first  impulse,  and  as  these  communicate 
i>»>e'iof«»i"«uiar  anteriorly  with  the  cochlea,  and  posteriorly  with  the  seiniar- 
*"    ^  cular  canals,  consequently  the  motion  of  the  perilymph  must 

be  propagated  through  these  canals.    To  reach  the  cochlea,  the  movement  pBBi 
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from  the  saca//^\vins  in  the  fovea  hcmispherica)  along  the  scala  vestibuli  to  the 
I    hclicotrema,  where  it  passes  into  the  scala  lympani,  where  it  reaches  the  membrane 
r    of  the  fenestra  rotunda,  and  causes  it  to  bulge  outward.  .vFroni  the  ////-A/f  (lying  in 
the  fovea  hemielliplica)»  in  a  similar  manner  llie  movement  is  propagated  through 
Xthe  scmUircular  (anal^.     Pulitzer  observed  that  the  endolymph  in  the  superior 
semicircular  canal  rose  when  he  caused  contraction  of  the  tensor  t\TniMini  by  stimu- 
lating the  trigeminus,  just  as  the  base  of  the  stapes  must  be  forced  against  the 
perilymph  with  every  vibration  of  the  membrana  tympani, 
I         [Practical. — It  is  well   to  view  the  organ  of  hearing  as  consisting  of  two 
I    mechanisms:  — 

1.  The  soimd-conducting  apf>aratus. 

2.  The  sound-perceiving  apparatus. 

The  former  includes  the  outfr  ear,  with  its  auricle  and  external  meatus ;  the 
muidU  ear  and  the  larls  which  bound  it,  or  open  into  it.  The  latter  consists  of 
the  inner  ear  with  the  expansion  of  the  auditory  nerve  in  the  labyrinth,  the  nerve 
itself,  and  the  sound-i)t;rceivlng  and  interpreting  centre  or  centres  in  the  brain 

(p.  753)-J 

[Testing  the  Sound  conduction. — In  any  case  of  deafness,  it  is  essential  to 
estimate  the  degree  of  deafness  by  the  methods  stated  at  p.  848,  and  it  is  well  to 
do  so  both  for  such  sounds  as  those  of  a  watch  and  conversation.  We  have  next 
to  determine  whether  the  smtnd-ian<iuctirtg  or  the  sound  -  per  ceivhig  apparatus  is 
aflfccted.  If  a  person  is  deaf  to  sounds  transmitted  through  the  air,  on  applying  a 
sounding  tuning  fork  to  the  middle  line  of  the  head  or  teeth,  if  it  be  heard  dis- 
tinctly, then  the  sound-perceiving  apparatus  is  intact,  and  we  have  to  look  for  the 
cause  of  deafness  in  the  outer  or  middle  ear.  In  a  healthy  person,  the  sound  of 
the  tuning  fork  is  heard  of  equal  intensity  in  both  ears.  In  this  case  the  sound  is 
I  conducted  directly  to  the  labyrinth  by  the  cranial  bones.  In  cases  of  disease  of  the 
sound-conducting  mechanism,  the  sound  of  the  tuning  fork  is  heard  loudest  in  the 
deafer  K^T,  Ed.  Weber  pointed  out  that,  if  one  car  be  stopped  and  a  vibrating 
tuning  fork  placed  on  the  head,  the  sound  is  referred  to  the  plugged  ear,  xvhere  it 
is  heard  loudest.  It  is  assumed  that  when  the  ear  is  plugged,  the  sound-waves 
transmitted  by  the  cranial  bones  are  prevented  from  escaping  (Mach).  If,  on  the 
contrary,  the  sound  be  heard  loudest  in  the  good  ear,  then  in  all  probability  there 
is  some  affection  of  the  sonnd-perceiving  apparatus  or  labyrinth,  although  there  are 
exceptions  to  this  statement,  especially  in  elderly  people.  Another  plan  is  to  con- 
nect two  telephones  with  an  induction  machine,  provided  with  a  vibrating  Neefs 
hammer.  The  sounds  of  the  vibrations  of  the  latter  are  reproduced  in  the  tele- 
phones, and  if  they  be  placed  to  the  ears,  then  the  healthy  ears  hear  only  one 
sound,  which  is  referred  to  the  middle  line,  and  usually  to  the  back  of  the  head. 
In  diseased  conditions  this  is  altered— it  is  referred  to  one  side  or  the  other] 

413.  LABYRINTH  AND  AUDITORY  NERVE.— Scheme.— The  vestibule  {Fig.  591, 
III)  contains  two  separate  sacs;  one  of  theni,  the  aoccule,  s  (roumi  sac  or  S.  heniisphaMJcus),  com- 
municales  witli  the  ductus  cochlearis,  Cr,  of  the  cochlea :  the  other,  the  utricle,  U  (elliptical  MC, 
or  saccohis  hemicllipticus).  communicates  with  the  semicircular  canals,  O,  Cr. 

The  cochlea  consitits  of  z\,^  turns  of  a  tube  disponed  round  a  central  column  or  modioluB.    The  "y 
tube  i«  divided  into  two  cumpartmenis  by  a  horixonial  septum,  partly  osseous  and  portly  membranoas,  y 
the  lamina  apiralis  osseaand  merabTanacea(Fig.  595;  Kig.  591, 1 )>   The  lower  compartment 
is  the  icala  tympani,  and  is  <(i:parated  from  the  cavity  of  the  tympanum  by  the  membrane  of  the 
feneslra  mtuncln. 
I         The  upper  compartment  is  tlie  scala  vestibuli,  which  communicaiev  with  the  veslibute  of  the 
f     labyrinth  (Fig.  591,  i).     'l"hesc  two  compartments  communicate  directly  by  a  small  opening  al  the 
apex  of  the  cocblct,  a  sickle-shapefl  edge  ["  hamulus"!  uf  Ihe  lamina  spimliK  lioutidmg  the  helicf>> 
trema  (Fig.  577).     I'he  scnia  vestibuli  is  divided  by  Reissner's  membrane  (  Fig.  591,  I),  which 
arises  near  the  outer  part  of  the  lamina  spiralis  o&sca,  and  runn  obliijuely  outward  to  the  wall  of  the 
cochlea  so  a»  to  cut  off  a  Kmall  triangular  canal,  the  ductus  or  canalis  cochlearis,  or  scala  media, 
.     Cr,  whose  floor  is  formed  for  die  most  part  by  the  lamina  spiralis  membronocen,  and  on  which  the 
I     end  organ  of  the  auditory  ner^-e — Corti's  organ — lit  placed.   The  lower  end  of  the  canalis  cochlearis 


1,  tTan*\'<r«e  icctioa  of  a  turn  of  the  cochlea  :  It,  A,  amnnlla  of  &  lerntcircular  caul  with  ihe  cri«ta  «cu«ii<a  :  a,  A 

.-.._.     A ««rt*r» 


auilit'iry  cell* :  /.provided  wlib  a.  fine  hAtr.-  T,  ototUlu ;  III,  »chegw  of  ibe  huoun  labyriiilh : 
bird's  libyrinth  ,  V.  scheme  yf  r  faU't  Ubyriatn. 


lV,«ck«« 


lying  between  the  two.  Perilymph  also  lills  the  Kala  vestibuli  and  lympani,  so  LbM  a]|  the  sp*ces 
within  fhe  laljyrimh  are  lillcd  by  lluitl,  while  the  spaces  ihetniclves  are  lined  by  short  cylindncd 
epitheliutn. 

The  syslcro  of  space*,  filled  by  endolymph.  is  the  only  pari  containing  the  nervous  end  organs 
for  hearing.      All  tl»cse  spaces  communicale  M'itb  each  other;  tlic  semicircular   cauaU   directly  with 
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The  liiienor  of  the  rishi  labyrinlli  with  )u  aicmbianMu  onaU  and  nerfcs. 
In  Flc.  us,  the  outer  wall  afthe  Ixiajr  labyrinth  i*  removed  to  ihow  the  oiembranoiH  paru  i  ithin     1, 1  ninrniiiriniMl 
oT the  spir.il  lube  of  ihe  cochlea;  j,  pMicriorsemicimilur  canal,  partly  oj»cned;  3.  h«rirnnc»l ;  4,  aiiperior  caiwll 

flie  horirontsl ;  10.  of  the  pinlcnor  canBtL 
Fi)C.  S9^  thiiw«  the  memltniriniti  Uhyntith  and  nervM  d«lach«<1 — 1,  beta!  ncrv«  in  the  inienut  aii'liiory  mealui;  s.  an* 
icnor  division  of  the  auditory  ner\'c  ^v\ott  brattcbca  to  j,&,  and  9,  the  utride  imk]  (lie  amptiUie  of  th«  aupetior  and 
bonxootal  canaU;  3,  pouertordivition  ofthc  auditory  nerve.civlng  branc)ic»  to  the  saccule. 6.  itnd  pcnuerior  arHpuU*. 
10,  aod  cochlea,  4;  7.  uailedpartofthepoaterioraiidiupcriorcainu:  11.  posterior  extrenliy  of  the  borSxootal  < 


the  ulriclc.  the  ductus  cochlczrlt  witli  lh<^  tnccule  through  the  canalis  reuniens :  and  Usily,  Uie  saccvie 
and  urride  throui>h  the  "  saccus  cndolymphaticus,"  wliich  &priugi»  by  an  JMlaicd  limb  frotn  each 
&ac;  tbc  limU  llien  unite,  as  in  the  letler  Y,  and  pa»s  through  the  oweous  a<itieductu«  vc^iilmli  lo 
end  blindly  in  the  dura  mater  of  the  brain  (Fig.  Ill,  )^—BSitiker,  fte/iius).  The  aquetluctiu  coch- 
leae is  another  narrow  postage,  which  begins  in  the  scalo  tynipani,  iniinediately  in  front  of  the  fatotn 
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nda,  and  open^  cks«  to  the  fossa  jugulam.     It  forms  ai  direct  means  of  commnmcation  t>e(ween 
,c  perilymph  of  ihe  cochlea  and  the  subarachnoid  space. 
Semicircular  Canals  and  Vestibular  SacB. — 1'he  inenibrai>ous  semicircular  canals  do  not 

fill  the  corresponding  os.«ous  canals  compklt-ly,  bul  are  separated  frDin  them  by  a  pretty  wide  space, 

which  b  filled  with  perilymph  ^  Fig.  592).     At  the  concave  margin  they  are  fixed  by  connective 

tissue  to  the  o«!>4.'ou§  walLs.    I'he  ampnliir,  however,  completely  Bll  the  corre.<ponding  os&eous  dilaii- 

tions.     The  canals  a^d  ampuILT;  cousin  externally  of  an  outer,  vascular,  cunnective-iissue  Inycr,  on 

which  there  reM-^  a  welbmarkci.1  hyaliDC  layer,  bearing;  a  sing'e  layer  of  tlattened  cpilhelium 

Crista  Acustica. — The  vc<iti)mlar  braucborihe  auditory  iicrvtr  >eiids  a  branch  to  each  ampulla  and 

to  the  saccule  and  utricle  (Fig.  593}.     In  the  am  pull  se  (Fig.  591,  It,  A),  the  nerve  {c)  icraiinaies  in 

connection  wiih  the  crista  acustica,  which  \^  a  yellow  elevation  projecting  into  the  e(|U4tor  of  the 

flunpulla.     The  medullated  nerve  fibres,  m,  form  a  plexus  in  the  connectivt:<ii»aie  layer,  lu&e  their 

myelin  OS.  Ihey  pass  to  the  hyaline  basement  membrane,  and  each 

fndi  in  a  cell  provided  with  a  rigid  liair  {0,  />)  90 /i  in  length,  so  that 

the  crista    is  largely  covered  with  these    hair  cells,   ImiI   between 

them  are  supporting  cells  like  cylindrical  epithelium  (.rl,  and  not 

Tinfre<iuently  containing  granule>  of  yellow  pigment.     The  hairs  or 

**  auditory  hairs  "  (Af.  S(kulttf)  are  coin|io&t:d  v\  many  tine  fibres 

{^ffetsius).     An  excessively  tine   membrane  (mcmbrana  tectoria) 

covers  the  hairs  [PritcharU,  Latig). 

Maculae  Acusticae. — The  nerve  tcrminaiions  in  the  macule  acus- 

ticse  of  the  saccule  and  utricle  are  exactly  the  same  as  in  the  am 

pullx,  only  ihe  free  surface  of  their  membrani  tectoria  is  sprinkled 

with  small  white  chalk-like  crystals  or  otoliths  (11,  T),  composed 

of  calcic  carbonate,  which  arc  sometimes  amorphous  and  partly  in 

ibc  form  of  arragonitc,  lying  fixed  in   the  vi&cid  endolymph.     The 

3U'n-meduIlated  axis  cylinders  of  the  saccular  ner\es  enter  directly 

into  Ihe  substance  of  the  hair  cells.     The  terminations  of  the  nen'Ci 

lave  l>cen  invcsiignied,  chiefly  in  fi.^hes,  in  the  rays. 

[Fig.  594  i&  a  vertical  section  of  a  macula  acustica  of  the  rabbit. 

The  medullaled  nerves  ln|  lose  their  myelin  at  the  external  limiting 

membrane,  become  non-medullated,  pierce  this  membrane,  and  form 

a  basal  plexus  {pb\  beiwern  (/)  the   epithelial  cells,  and   tinallv  Iir- 

ininate  in  the  liensory  ciliated  cells  (r).     The  epithelium  il&elf  con- 

iaiiits  of  bosnl  celU  {cf')^  fusiform  or  supjwrting  c^tls  (y),  and  the 

ciliated  neuro-epiihehum  (r),  each  cell  being  pro\ided  with  a  citiuoi, 

which  {lerfomtes  the  external  limiting  membrane  {a).     There  is  thus 

a  remarkable  likeness  to  the  olfactory  epithelium.] 

Cochlea. — Tlie  tcnuinations  of  the  cochlear  branch  of  the  auditory 

nerve  lie  in  connection  with  Corti's  organ,  which  is  placed  in  the  canalis  or  ductus  cochlearis  fFig. 

591,  I,  CV,  and  III,  (..V,  and  Fig.  595),  the  smill  triangular  chamber  [or  scala  media,]  cut  off  from 

the  scala  veatibult  t>y  the  membrane  of  Keivtner.    <!orti's  organ  is  placnl  on  the  lamina  spiralis  tiiem- 

"branocea,  and  consists  of  a  mppvrtmg  apparatm  com^iosed  of  the  so  called  Corti's  arches,  each 

of  which  constats  of  two  Corti's  rods  (c,  ^).  which  lie  u{)on  each  other  like  the  beams  of  a  house. 

But  every  two  rods  do  not  form  an  arch,  as  there  are  always  three  inner  to  two  outer  rc»ds  {Clauduti). 

There  ate  about  4500  outer  rods  (  VVaideyerY 

The  ductus  cochlearis  becomes  larger  toward  the  apex  of  the  cochlea,  and  the  rods  also  become 
'longer;  the  inner  ones  arc  30  ^<  long  in  the  first  turn,  and  34  \i  in  the  upp:r.  the  outer  ro<U  47  ^ 
|and  69  (t  respectively.  Th-:  sfatn  of  the  arches  aUo  increases  {ilemfn').  [The  arch-^s  leave  a  tri* 
(angular  tunnel  iKJnealh  them.]     The  proper  end  organs  of  the  cochlear  nerve  are  the  cylindrical 

t*'  hair  cells  "  { K5llikfr\  previously  obiwrved  by  Corti,  which  are  from  16400  to  20,000  in  rmmber 
\Hrnifn,  WahUyer).     There  is  ont  row  of  inner  cells  {(')  which  rests  on  a  layer  of  small  granular 
cell*  (K)  [Billi-her^  IVaUeyer) ;  the  outer  cells  \a,  n)  number  12,000  in  man  {Keltius)^  and  rest 
upon  the  tMU>emenl  memWnne,  being  di<ipo*^cd  in  three  or  even  four  rows.     Between  the  outer  heir 
cells  there  ate  otlicr  cellular  structures,  which  are  cither  regarrled  as  special  cell*  [Deiter's  cells). 
or  are  rcgatded  merely  as  procrwcs  of  the  hair  cells  {l.nvJitwiky).     [The  cochlear  branch  ol  the 
Esnditury  nerve  enters  the  mcvdiolui>,  and  runs  upward  in  ilu-  osseous  channels  there  provideil  for  It, 
rand  as  it  does  w  gives  branches  to  the  lamina  spirali-i,  where  ihey  run  between  the  osseous  plates 
prhich  form  the  lamina.]     The  fibres  (N)  come  out  of  the  lamina  spiralis  after  Iraverjjng  the  gan- 
wlionfc  cells  in  their  course  ^Figs.  59],  595,  I,  (>),  and  end  liy  fine  varicose  fibrils  in  the  hair  cclLs 
l(I'ig.  595)  (  ^'iilifgyer,  G&ttUiin,  Lavdinosky,  A'f/ziut). 

I  Mcmbrana  Reticularis. — Corti's  rods  and  the  hair  celts  ore  covered  bya  special  membrane  {a)t 
the  mcmbrana  reticularis  of  KOllikcr.  The  upper  ends  of  (he  hair  cells,  however,  |>rQJcct  through 
holes  in  this  membrane,  which  conai'^is  of  a  l<ind  of  cement  substance  holding  these  parts  together 
(/.att/iTUisJl:}).  [S]>ringing  from  the  outer  end  of  the  lamina  spiralis,  or  crida  spiralis,  is  the  mem- 
Fbrana  tectoria,  sometimes  called  the  membrane  of  Corli.     It  is  a  well-defined  structure,  often 
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Vertical  acctlon  of  ih«  macula 
iicusiica  of  a.  nibbil. 
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(ibrillated  ia  nppearnnce,  and  extends  outward  aver  the  oi^gui  of  Corti.]     Waldeyer  regsnlt  h  m  ■ 
damping  apparatus  for  this  organ  (Fig.  595,  Mb.  Corti). 

[Bftailar  Membrane. — lis  Itrcadih  incrcAs««  ffom  the  ba«e  to  the  apex  of  the  cochlea.     Tbl« 
fact  is  imfKinant  in  conneciiun  with  ibe  thcoiy  uf  the  perception  of  toiie.     It  ii  suppcoed  thai  I 
notes  are  appreciaieij  by  »trut;lurt»  in  cnnncciion  with  the  former,  and  low  notes  ivy  the  upper  | 
of  the  basilar  mcmbraue.    In  one  cose,  recorded  by  Moos  nnd  Steinbrugge,  a  patient  bewd  low  i 
only  in  the  right  ear,  and  aAer  death  it  was  found  that  the  auditory  nerve  in  the  5nt  turn  of  ibe 
cochlea  was  aimphied.] 

Intra-L^byrinthine  Pressure. — The  Ij-mph  within  the  labyrinth  is  under  a  certwn  pm>wre. 
Every  Oiminuiion  of  the  prtjuure  nf  the  air  in  the  tympanum  is  accompanied  by  a  cone«po04liB|; 
diminutioo  of  the  intra  labynntliinc  pressure,  while  conversely  every  iucrca»c  of  prcsniie  la  ucoa- 
panied  by  an  increaK  of  the  lymph  preMorc  {f.  Bnoiif). 

The  perilymph  of  the  inner  ear  flows  away  chiefly  through  ihe  aqueductui 
cochleae,  \Xi  the  circumference  of  the  foramen  jugulare,  into  the  peripheral  l>tii;^ 
atic  system,  which  also  takes  up  the  cerebro-spinul  fluid  of  the  subarachnoid  5pacc, 
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Scheme  lit  the  iltKiui  irnclileam  anit  lh«  ortao  or  Cofti.     N,  cochlear  iiervr-  K,  ianer,  and  P,  ixi'r  .     ■. 

nerve  fihriU  temilnaUng  in  P;  n,  m,  •upporting  cclU;  ti,  cell*  in  th«  kuIcim  iLjiirali*  ;  a,  intHjt  i  >!ti. 

CoTti,  mrnibrane  of  Cnrti,  or  the  membraiui  tccloria.  #,  ib«  membniu  renctiUrh.  Il,i>,cc>;  ..      .     .     Jm 
■pmce  Mar  the  ouUr  waU. 

while  a  small  part  drains  away  to  the  sub-dural  space  through  the  internal  auditory 
meatus.  The  endolymph  flows  through  the  arachnoid  sheath  of  the  N.  actistictis 
into  the  subarachnoid  space  (C  Hasse). 

414.  AUDITORY  PERCEPTIONS.— Every  normal  ear  is  able  to  distio- 
guish  musical  tones  and  noises.  Physical  experiments  prove  that  tones  arc 
produced  when  a  vibrating  clastic  body  executes  periodic  movements,  /.  <-.»  when 
the  sounding  body  executes  the  same  movement  in  equal  intervals  of  time,  as  the 
vibrations  of  a  string  which  has  been  plucked.  A  noise  is  produced  by  non- 
periodic  movements,  /.  /-.,  when  the  sounding  body  executes  unequal  movctnctits 
in  equal  intervals  of  time.  [The  non-periodic  movements  clash  together  on  the 
ear,  and  produce  dissonance,  as  when  we  strike  the  keyboard  of  a  piano  at  random.] 
This  is  readily  proved  by  means  of  the  siren.  Suppose  that  there  are  forty  holes 
in  the  rotatory  disk  of  this  instrument,  placed  at  exactly  the  same  distance  from  each 
other,  on  rotating  the  disk  and  directing  a  current  cii  air  against  it,  obviotisly  with 
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every  rotation  the  air  will  be  rarefied  and  condensed  exactly  forty  times.  Every 
two  condensations  and  rarefactions  are  separated  from  each  other  by  an  equai 
interval  of  time.  This  arrangement  yields  a  characterislic  musical  tone  or  note. 
If  a  similar  disk  with  holes  perforated  in  it  at  a/z^^aa/ distances  be  used,  on  air 
being  forced  against  it.  a  whirring  non-musical  noise  is  produced,  because  the 
imovements  of  the  sounding  body  (the  condensations  and  rarefactions  of  the  air)  are 
non'periodii\  [The  double  siren  of  v.  Helmhoicz  is  an  improved  instrument  for 
^showing  Ihe  same  facts.] 

I  The  normal  ear  alsj  distinguislics  in  every  tone  three  distinct  factors ; — 
L    [(i)  Intensity  or  force  ;  (2)  Pitch  ;  (3)  Quality,  timbre  or^<&/tf/y."] 

X.  The  intensity  of  a  tone  depends  upon  the  greater  or  lesser  amplitude  of 
the  vibrations  of  the  sounding  body.  It  is  well  known  that  a  vibiaiiiig  string 
emits  a  feebler  sound  when  its  excursions  are  smaller,  (The  intensity  of  a  sound 
corrc*s]X)nds  to  the  degree  of  iUuminiition  or  brightness  in  the  case  of  the  eye.) 

2.  The  pitch  depends  ujion  the  number  of  vibrations  which  occur  in  a  given 
time  [or  the  length  of  time  occupied  by  a  single  vibration].  This  is  proved  by 
means  of  the  siren.  If  the  rotating  disk  have  a  scries  of  forty  holes  at  equal  inter- 
vals, and  another  series  of  eighty  equidistant  from  each  other,  on  blowing  a  stream 
of  air  against  the  rotating  disk  we  hear  two  sounds  of  unequal  pitch,  one  l)eing  the 
octave  of  the  oiher.  (The  perception  of  pitch  corresponds  to  the  sensation  of  color 
iin  the  case  of  iht-  eye.) 

3.  The  Quality  or  timbre  i^^*  Klangfarhe")  is  peculiar  to  different  sonorous 
bodies.  [It  is  tne  peculiarity  of  a  musical  tone  by  which  we  are  enabled  to  dis- 
tinguish u  as  coming  from  a  particular  instrument,  or  from  the  human  voice. 
■Thus,  the  same  note  struck  on  a  piano  and  sounded  on  a  violin  differ  in  quality  or 
Jim6re.'\  It  depends  upon  the  peculiar  form  of  the  vibration^  or  the  form  of  the 
wave  of  the  sonorous  body.    (There  is  no  analogous  sensation  in  the  ca.se  of  light.) 

I.  Perception  of  Pitch. — Lly  means  of  ihe  oi^an  of  bearing,  wc  can  dcicrmuie  tUit  tliffereat 
tones  have  r  ■tlifiicrciit  pitch.  In  the  so-cnl!cd  musical  scale,  or  j;«iuut,  thts  ilifltrencf  is  very  niu-ked 
to  a  normal  eir.  Uut  in  the  scale  there  are  again  four  tone^,  which,  when  they  .ir«  sounded  logeltier, 
cauic  in  a  normal  ear  ihc  seiualiun  of  an  agreeable  sound,  which  once  heard  can  readily  be  repro- 
duced. This  If,  the  tone  of  the  so-called  accord,  Triad,  or  Common  Oiord,  ronaJsiing  of  the  1st, 
3d,  and  5ih  tones  of  the  scale,  to  which  the  iith  tone  or  octave  is  added.  We  have  ncM  to  determine 
the  pitch  of  the  tonc$  of  tht  clioni,  and  tlicn  that  of  the  other  tones  of  ihe  iscale.  The  i-iren  is  used 
ibr  the  fundamental  experiment,  (ruin  which  Ihe  others  can  easily  be  calculated,  hour  concentric 
Circles  are  drawn  u[>on  \\\k  rutatury  dbk  of  the  strcn ;  Ihc  inner  circle  cuntains  40  holes,  the  Mcond 
50,  the  third  60,  and  the  outer  fio--all  the  holes  being  nt  Bfjual  diMnnces  from  each  other.  If  the 
4i!ik  l<e  rotated,  and  air  forced  against  each  series  of  holes  in  turn^  wc  distinguish  successively  the 
lour  tones  ol  the  arcord  (major  chord  with  iu  octave);  when  all  the  four  series  are  blown  upon 
irimutlaneouily,  we  hear  in  complete  purity  the  major  chord  iiself.  The  relalivt  numiter  of  the  ftotes 
Ifo  the  four  series  indicates  in  the  simplest  roanncr  the  relative  pitch  of  the  tones  of  Ihe  mnjar  chord. 
Whde  one  revolution  of  ihc  disk  is  necessary  to  produce  ihc /umtamentai  ground  totK  (key  note  or 
Ionic)  with  40  condensations  and  rarefactions  of  ibc  air — in  order  to  produce  thr  octave,  we  nui»l 
have  double  the  number  of  condenBRtkms  and  rarefactions  during  one  revolution  in  tite  same  lime. 
/Thus,  the  relation  of  the  number  of  vibrations  of  the  Ground  tone  or  Tonic  to  the  Oclnvc  next  above 
.  it,  is  t  :  j.  In  the  second  series  we  have  50  holes  which  cniues  the  pitch  of  the  third ;  hence,  the 
I  relation  of  ihe  Ground  tone  to  the  Third  in  ihiii  case  is  40  :  50.  or  i  ;  i^  =  \,  i.  c,  for  every 
I  Tibration  of  the  tiniuiKl  tunc  there  are  }  vibrations  in  the  Third.  Tn  llic  third  series  ore  60 
holes,  which,  when  blown  upon,  yield  the  fifth ;  hence.  Ihe  ratio  of  the  Ground  tone  to  the  Kifth  in 
[our  disk  is  40  :  60,  or  I :  t  i  =:  j.  In  the  same  way  wc  can  esliinate  ihe  pitch  of  tlic  Kourth  tone,  and 
fisd  that  the  number  of  vibnuiuns  of  the  First,  Third,  Fifth,  and  Octave  are  to  each  oihcr  as 
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minor  chord  is  rjnite  as  characteristic  lo  a  normal  ear  as  the  major.  It  is  distinguished 
essentially  from  the  latter  by  its  'Iliird  being  half  a  tone  lower.  We  can  easily  itnilate  it  by  the  siren, 
•s  the  Minor  Third  consists  of  a  number  of  vibraUons  which  stand  to  the  (]inund  tone  as  6:5,  i.  f., 
U  S  vibrations  occur  in  a  given  lime  in  the  Ground  tone,  then  6  occur  in  the  .Minor  Third  ;  its  vibra- 
tion number,  therefore,  is  ^. 

From  thcie  relations  of  the  M.ij(ir  and  Minor  common  chords,  we  may  calculate  the  relative  tot>ei 
in  the  scale,  and  wc  must  remember  that  the  Octave  of  a  lone  always  yields  the  fullest  and  most  cotn- 
plcle  harmony.     It  is  evident  that  as  the  Major  Third,  and  Minor  Third,  and  the  VAh  harmonize 
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with  tile  fiindamental  Ground  tone  or  key  note,  they  must  also  liannoniie  with  tbe  Octave  of  the  kei 
note.  We  obtain  from  thr  Major  ThirJ  with  the  number  uf  vibrations  |,  the  Minor  Sink  ).(ra« 
the  Minor  Third  with  ^,  the  Major  Sixth  =  ( A  =  )  < ;  from  the  Fifth  with  J,  the  Fowlk  «  |. 
These  relations  are  known  an  the  "  Inversions  of  the  iritcreals.''  These  rrlation^  of  the  tones  m. 
collectively,  the  consonant  intervals  of  the  scale.  ITie  riissonant  wages,  or  discords,  of  tfic  tcait 
can  he  obtained  as  follows :  Sup[Kjic  that  we  have  the  (Jround  tone  or  key  autc  C,  irith  the  munt* 
of  vibrations  =  i,  the  Third  E  ;=  J,  the  Fifih  G  =  }.  and  the  Ocavc  =  »,  we  then  derirc  from  ibr 
Fifth  Of  Domiriani  G  a  Major  cliora ;  ihis  U  G,  B,  D'.  The  relative  number  of  vibrations  of  ifaeae  j 
tones  is  the  same  as  in  the  %Ujor  chord  uf  C',  C,  E,  G.  Hence,  the  number  of  vibratioiu  of  G  t  K  ii  w 
C  :  E.  When  we  substitute  the  values  we  obtain  j  :  B  =  I  :  1. 1. /..  B  =  >^.  But  D  :  B=:G  :  E. 
so  that  D  :  y  =  ]  :  }^,  t'.A,  D'  ^  '/,  or  an  octave  lower,  we  ha%-e  D  =  {.  Deduce  from  F  |al> 
dominant)  a  Major  chord,  F,  A,C',  The  relaiion  of  A  :  C'  =  E  :  G,  or  A  :  2  =  t  :  \,  i,  r  ,  A  =j 
I^^ily.  F ;  A  =>  C  :  E,  or  F  :  3  =  I  :  i.  I.  r,  F  ^  }.  So  that  all  the  tones  of  the  scale  hare  tic 
following  number  of  vibrations :  ],C=  i;  U,  D=  I;  III,  E=  |;  IV,  F  =  i;  V.C^ItVl. 
A  =  J:  VII.  B  =  V:  VIII.  C  =  2. 

Conventional  Estimate  of  Pitch.— Conventionally,  the  pilch  or  ctocert  pilch  of  theaolr,*, 
is  takeu  at  440  vibration^i  in  the  htcond  (ScAeiA/tr,  1834),  although  in  France  it  is  taken  114)5 
vibrations  per  xecond.  Kmin  this  we  can  e^lifnale  the  abaoUilc  number  of  vibrations  for  the  tmn  d 
the  scale:  C  =  33.  U  =  37.125.  E  =  4i.35,  F  =44,  G  :=  49.5,  A  =  5$,  B  ==  61.S75  vitniMu. 
The  numlicr  of  vibrations  of  the  next  hit<hest  octave  is  fuund  at  once  by  multiplying  thcx  namten 
by  2. 

Musical  Notes. — The  lowest  notes  u-^ed  in  music  are  ihe  double  baas,  E.  with  41  2^  vjfin 
tions,  pianoforte  C  with  ^,  j^rand  piano  A,  with  27.^  and  organ  C  with  16.5.     The  tuc^hcai  wtw 
in  music  are  the  pianoforte  c''  with  4224,  and  d*   on  the  (nccolu  flute,  with  4751  ntiS' 
Fin   596.      tions  per  second.  JJ  -  ^/*#    {*^f 

Limits  of  Auditory  Perception. — According  to  Pre>'cr,  the  luait 
of  the  jKTception  of  tht;  lowest  audible  toae  lies  between  16  jnd  13 
vibrations  per  second,  and  e'"'  with  40,960  vibrations  as  the  higttot 
audible  tone  ;  so  that  this  embraces  about  ii  J.^  octaves. 

[Audibility  of  Shrill  Notes. — This  varies  very  |;rcatly  in  different  persons  (  MV 
laitoH).  Thcrcisaremirkable  raUiimj^offof  the  imw^era^  ai^e  advances  ((^a/raM).  For  test 
ing  this  Gallon  uses  a  small  whistle  made  of  a  brau  lube,  ««ith  a  diunctcr  of  lea  tkai 
^n  of  an  inch  (Fig.  596).  A  plug  is  titled  at  the  lower  end  to  lengthen  or  shoftn  tte 
lube,  whereby  the  jMtchof  thenoie  is  altered.  Anion);  animals  Galtun  ttnd^  nooe  tape 
rinr  locals  in  the  power  of  hearing  shrill  sounds,  and  he  iHributes  this'MudilTereattfDas 
by  natural  selection  among  these  animals  until  they  have  the  power  of  heariac  tfi 
Gallon's  ^^^  '''gh  notes  made  \yy  mice  and  i>llier  lillle  creatures  they  have  to  calch,*'} 
Whiitlc.  VariationB  in  Auditory  Perception. — It  i*  rare  to  find  that  tones  pftxjuood  by  wtt 

than  35/300  vibratiims  per  second  are  heard.  When  the  tensor  tympani  is  contnOirf. 
the  perception  may  be  increased  for  tones  3000  to  5000  vibrations  higher,  hut  rarely  more.  Palko- 
logically,  the  perception  for  high  uotes  maybe  abnormally  acute — (i)  When  the  tcrtsion  of  ifcc 
sound  conducting  apparatus  generally  i^  increased.  |3)  By  elimination  of  the  sound-coodttcritf 
i4^ratU8  of  the  middle  ear,  which  offers  greater  or  Ic'ss  resistance  to  th*  propogMion  of  very  hl^ 
notes,  as  perforation  of  the  membrana  tympani,  or  loss  of  the  incus  and  malleus.  In  thcK  ai'c«.  tie 
stapes  is  directly  set  in  vibration  by  the  sound  waves,  when  tones  up  to  80,000  vibraiions  hare  l«a 
perceive^l  Diminished  tcn.<<it)n  of  the  sound -conducting  ap|>aratiis  causes  diminution  of  the  pcm^ 
lion  for  high  tones  {Hittkf). 

A  smaller  number  of  vibrations  tlian  16  per  second  fas  in  the  organ)  are  no  longer  heard  as  •  tiMC 
but  as  single  dull  impulses.  The  tones  that  are  produced  beyond  the  hii^hest  audible  ooce.  11 1? 
stroking  >maU  tuning-forks  with  a  violin  bow,  are  also  no  longer  heard  as  tor»es,  but  ihei  caax* 
painful  culling  kind  of  impremion  in  the  car.  In  ihe  musical  scale  the  range  is,  approximately,  n«« 
C  of  the  first  octave  with  16.5  vibmiions  to  e,  the  eighth  octave. 

Comparison  of  Ear  and  Eye. — In  comparing  the  perception  of  the  eye  with  that  of  the  me; 
we  see  at  once  that  the  ranee  of  accommodation  of  the  car  is  much  greater.  Red  has  456  hdhoai 
of  vibmtiorts  per  second,  while  the  visible  violet  has  but  667,  so  that  the  eye  only  takes  oopanacxtf 
vibrations  which  do  not  form  even  one  octave. 

Lowest  Audible  Tone. — As  to  the  jw/;//^j/ number  of  successive  vibratiow 
which  the  ear  can  piTceive  as  a  sensation  ol  tone,  Savart  and  Pfanndler  considcfcii 
that  two  would  suffice.  If,  however,  we  exclude  in  our  experimenu  the  poaibilif* 
of  tiie  occurrence  of  overtones,  4  to  8  (Afiuh)  or  even  16  to  20  vibraliooi  (/' 
Auerbach^  KoMrausch)  are  necessary  to  produces  characteristic  tone. 

When  tones  succeed  each  other  rapidly,  they  are  still  |jercetved  as  distinct,  wSca 
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at  least  o.i  second  intervenes  between  two  successive  tones  (v.  Helmholti) ;  if  Ihey 
follow  each  other  more  rapidly,  they  fuse  with  each  other,  although  a  short-time 
interval  is  sufficient  for  many  musical  tones. 

By  the  term,  ** fineness  of  the  ear,''  or,  as  we  say,  a  **  good  ear,"  is  meant  the 
capacity  of  dislinguishing  from  each  other,  as  different,  two  tones  of  nearly  the 
same  number  of  vibrations.  This  power  ran  be  grtatly  increased  by  practice,  so 
that  musicians  can  distinguish  tones  that  differ  in  pitch  by  only  ^^,  or  even  \^^^, 
of  their  vibrations. 

With  regard  to  the  time  sense,  it  is  foimd  that  beats  are  more  precisely  per 
ceived  by  the  ear  than  by  the  other  sense  organs  {Ndringj  Mack). 

Pathological. — According  to  Lucae,  Uieie  are  some  eari  that  are  hrtter  adapted  for  hearing  lozv 
niJiL-s  and  otlicrrs  for  hi^k  Dotcs.  Both  conditions  arc  disadvantageous  for  hearing  speech.  Those 
who  h«arlow  notes  best  hear  the  highest  consonants  imperfealy.  The  low  notes  are  he-ird  abnonn 
ally  load  in  rheumatic  facial  paralysis,  while  the  high  tones  are  heard  abnoimally  loud  in  casck  of 
loss  of  the  mcnibrann  tympflni.  inctis,  and  malleus.  The  stapeditis  is  in  full  action,  whereby  the 
highest  ione<;  ore  heard  ]otider  at  the  expense  of  the  lower  no(e«.  .Many  perfuns  wittt  normal  iieariug 
hear  a  lone  higlier  with  one  ear  tlian  with  tbc  other.  This  condition  is  called  diplacusis  binauralis. 
In  rare  cases,  sudden  toss  of  the  pcrccptton  of  certain  tones  has  been  observed,  <-.  g.,  the  bass  deaf- 
ness of  Moos.     In  a  case  described  by  Magnus,  the  tones  d.  b,  were  not  heard  (jj  316). 

II.  Perception  of  the  Intensity  of  Tone. — The  initmily  of  a  tone  depends  upt>n  ihe  ampti- 
tuiit  of  Ihe  vibrafion^  of  the  souiidiiig  body.  The  intensity  of  the  tone  is  proportional  to  the  square 
of  the  amplitude  of  vibration  of  the  stiunding  body,  i.  e.,  with  1,  3,  or  4  times  the  amplitude  the  in- 
tensity of  the  tone  is  4, 9,  16  times  as  strong.  As  sonorous  vibraiions  are  communicated  to  our  cars 
by  the  wave  movements  of  the  atr,  it  is  evident  that  the  tones  miut  become  less  and  less  intense  the 
further  we  are  from  the  source  of  Ihe  sound.  The  intensity  of  the  sound  is  inversely  proportional  to 
the  square  of  ihe  distance  of  the  source  of  the  sound  Irom  the  ear. 

Tests. — ^1.  Place  a  watch  horizontally  nenr  the  car,  and  test  how  close  it  may  be  Wnught  to  the 
ear,  and  also  how  far  it  may  be  removed,  and  still  its  sounds  be  heard.  Mcisurc  the  distance.  3. 
Ilarti  uses  a  small  hammer  fiuspcnded  like  a  pendulum,  and  allowed  to  fall  upon  a  hard  surface.  3. 
Halls  of  different  weights  are  allowed  to  fnti  'rom  varying  heights  u|v>n  a  plate.  In  this  case  the 
iuicmiity  of  the  soun<)  Is  proportional  to  tbc  product  of  the  weight  of  the  ball  into  the  height  it  falls. 

As  to  the  limits  of  the  |>erccption  of  the  intensity  of  tone,  it  is  found  (hat  n  spherule  weighing  t 
milligram,  and  falhng  from  a  height  of  i  mm.  U|X)n  a  glass  plate,  is  beard  at  a  distance  of  5  centi- 
metres {SckafhSult], 

415.  PERCEPTION  OF  QUALITY— VOWELS.— lijlhetermquality  ("  Klangfarhe"!, 
mnsuaJ  to/pr  or  timbre,  is  understooi.1  a  peculiar  character  of  the  tone,  by  which  it  can  be  dU* 
tinguishcd  n{)an  from  iUi  pitch  ami  intensity.  Thus,  a  flute,  horn,  violin,  and  the  human  voice  may 
all  suunil  the  same  note  with  equal  intensity,  and  yet  all  the  four  are  distinguished  at  once  by  their  spe- 
cific quality.  Wherein  lies  the  essence  ("  Wcscn")  of  tone  color  ?  The  invesiigalions  of  v.  Helm- 
holtz  have  proved  that,  among  mechanisms  which  produce  tones,  only  those  thai  ;>roduce  pendulum- 
like vibrations,  i.  f.,  the  lo-aiid-rrij  vibrations  of  a  metallic  rod  with  one  end  fued,  uiid  tuning  forks, 
execute  simple  pendulum-like  vibrations.  This  can  tie  shown  by  making  a  tuning  fork  write  off  its 
ribrations  on  a  recording  surface,  when  a  completely  uniform  wave  line,  with  equal  elevations  and 
depressions,  IP  noted.  The  lerm  "tone"  is  re^rictod  to  those  sovmds,  bardly  ever  occuning  in 
nature,  which  are  due  to  simple  pendulum  like  vibrations. 

Other  investigations  have  shown  that  the  tones  of  musical  instraments  and  of  the  human  voice,  all 
of  which  have  a  characteristic  quality  of  their  own,  nre  composed  of  many  single  .<iimplc  tones. 
Among  these  ant  is  characterized  by  its  intensity,  and  at  the  same  time  it  deteinnincs  the  pilch  of  the 
whole  corajmund  inu.'^ical  "  tone  picture."  This  is  called  the  fundamental  tone  or  keynote.  The 
other  weaker  tones  which,  &h  it  were,  spnng  from  and  are  mingk-d  witli  this,  vary  in  ditlcreni  instni- 
mcnts  both  iu  intensity  and  number.  They  are  **  upper  tones,"  and  their  vibrolious  arc  always 
some  multiple — 2,  3,  4,  5  ....  tiuies^-of  the  fundaniei'ia!  tone  or  keynote.  In  general,  we  say  that 
all  those  outbursts  of  sound  which  embrace  numerous  strong  upper  tones,  esjiecially  of  high 
pitch,  in  addition  to  the  fundamental  tone,  are  characterized  by  a  sharp,  piercing,  and  rough 
quality^  such  as  emanates  &om  a  tiuinpet  or  chirionel,  and  that  conversely  the  quality  is  chnr- 
•ctcrijicd  by  mildness  and  softness  when  the  overtones  arc  few,  feeble,  and  luw,  ^.io.auch  as 
are  produced  by  the  flute.  Jt  requires  a  wdl-trained  musical  ear  to  distinguish,  in  an  instiu- 
mcDtal  burst,  the  overtones  apart  from  the  fundamental  tone.  Hut  this  is  very  easily  done 
with  the  aid  of  resonators  (?ig.  6oo|.  These  consist  of  spherical  or  funncI-Oiapcd  hollow 
bodies,  made  of  Lirn:>'i  or  <-omc  oilier  substance,  which,  by  means  of  a  shoit  tube,  can  Ix:  placed 
in  the  outer  ear.  If  a  resonator  be  placed  In  the  ear.  we  can  hear  the  feeblctA  overtone  of  the 
same  number  of  vibrations  as  the  fundamental  tone.  Thus,  musical  instruments  are  distinguished 
L     by  tlie  number,  intensity,  and  pitch  of  the  overtones  which   they  produce.     A  vibrating  metallic 
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rod  and  a  tuning  fork  have  no  overtones;  they  only  give  the  rundamenul  tone.     As  BlRftdy  i 
ttoncd,  the  term  tim/'f^  tone  i»  nppli&t  to  bouixls  due  to  itimple  pendulum-like  vibradofu,  while  i 
lonnd  coroixwed  oT  a  fundamenlal  Lone  and  overloties  is  called  a  "  klang  "  of  •  ofH^^umtt  mnsical  looe. 

Vibration    Curve   of  a   Muaical   Tone.— 


Fin.  597. 


^C> 


When  wc  leinrinttcr  thai  a  musical  lonr  or  clang 
CDfiaibLs  of  n  fundameittal  lone,  snd  ■   number  a 
overtones  of  a  certain  intensity,  which  dctrnnmc  itt 
quality,  then  we  ought  to  be  able  to  confiruct  geo- 
metrically the  vibrjiion  curve  of  th«  muucal  tuu^ 
Let  A  represent  the  vibration  curve  of  the  fun. i*inen- 
tal  tone,  and  It  that  of  the  6nt  moderately  wcik 
overtone  ( Fi^.  597).    The  conbuiatwa  of  ^bk 
two  curves  is  ohtoined  simply  by  oompoting  the 
height  of  the  ordmnte&,  wherrby  the  ordinates  of  the 
ovenonc  curve,  lyin^  alxive  ihc  alocisfta  or  boruon- 
tal  line,  are  added  to  the  fandamentaj  tone  omc, 
while   those  of  the  ordinates   below  the  hoe  mt 
sulMractcd   from  it.     Tbua  we  obtain  the  carve  C, 
which  is  not  a  simple  pendulum-like  curve,  bat  om 
which  corrcRpoads  lo  an  unsUaJy  movcmetiL    k 
new  curve  of  the  second  overtone  may  be  added  lo 
C,  and  !»>  on.     Tlic  result  of  ali  theie  cooibiRitiaai 
is  that  the  vibration  curves  corresponding  lodw 
compound  musical    tones   are    unsieady  potodic 
curves.     All  these  curves  must,  of  counc,  nrf 
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curve  of  a  fundamenul  tone  with  that  of  lo  orcnones.  With  the  oumbcr  and  pitch  of  the  compound  om 

tone  curves. 

Displacement  of  the  Phases. — The  fonu  of  the  vibration  of  one  and  the  same  tnuttcal  nnt 
may  vary  very  greatly  If,  in  cumpounding  the  curves  A  and  B,  the  curve  B  is  only  slightly  dt^>UceJ 
laterally.  If  U  is  displaced  so  that  the  hollow  of  the  wave  r  falls  under  A,  the  addition  of  t>oihcarvn 
yieltis  the  curve  r,  r,  r,  with  Mnull  elevations  aiid  broad  valleys.  If  B  he  displocrd  tttU  funbOt  Vil 
the  elevation  of  the  wave,  h,  coincides  with  A,  we  obtain  siill  another  form,  so  that  by  displaeoutf 
of  the  phases  of  the  wave  motions  of  the  compounded  simple  pendulum  like  vibratiooSy  wt  ofatas 
numerous  difTerent  forms  of  the  same  musical  lone.  The  displacement  of  the  phases,  faowever,  ba 
DO  effect  on  the  car. 

The  general  result  of  these  observations,  and  those  of  Fnurier,  is  thiU  the  quality  of  a  moBCd  ton 
depends  upon  the  characteristic  form  of  the  vibratory  movement. 

Anatysii  of  Vowels. — The  human  voice  represents  a  rccd  instrument  with  vibrtfiag  dack 
membranes,  the  vocal  cords  {\  312).  In  uttering  (he  various  vowels  the  mouth  aHBmes  ackaracin- 
isttc  form,  so  that  its  cavity  has  a  certain  fundamental  lone  peculiar  lo  itself.  Thus,  to  the  fanli 
menial  tone  of  a  certain  pitch  produced  wiihin  the  larynx,  there  are  added  certaia  ovotones,  vhirk 
communicate  to  ibe  laryngeal  tone  the  vocal  or  vowel  quality.  Hence,  a  vowel  is  the  tinilnT  << 
quality  of  a  mu-sicat  tone  which  is  produced  in  the  larynx.  I'be  quality  depends  upon  the  sambtf, 
intensity,  and  pitch  of  the  overtones,  and  the  latter,  again,  depend  on  the  connignntiDa  of  ^ 
"  vocal  cavity"  in  ullcriiig  the  different  vowels  (|  317). 

Suppose  a  person  to  sing  the  vowrls  one  after  the  other  on  a  special  note,  t.  g^  b  >,  we  can,  with 
the  aid  of  resonators,  determine  the  overtonci,  and  in  wlut  iniensiiy  they  are  mixed  with  the  fandt 
mental  tone,  b  t>,  to  give  the  characteristic  ({uality.  According  to  v.  Ilelmboltx,  when  ve  soaitl 
the  vowels  on  b  >,  for  each  of  the  three  vowels,  \>ne  oveitone  is  specially  characteristic  Ibr  A-b*  *: 
for  O-b'  1» ;  for  U-f.  The  other  vowels  and  the  dtphthonj^s  have  carh  ftiw  specially  charaOterm 
overtones,  because  in  these  cases  the  mouth  is  so  shaped  that  the  posterior  larger  cavity,  and  alat 
the  anterior  narrower  part,  each  yields  a  s[)ecial  tone.  (Jl  316. 1  and  E).  These  two  ovcnoocs  in 
for  E-B'"  t  and  fi  ;  for  I-div  and  f ;  for  A-g"'  and  d" ;  O-c'"  #  and  f  I ;  for  U-gl"  and  C  Tbe«. 
however,  are  only  the  special  upper  tones,  liiere  are  many  more  upper  tones,  but  they  arc  not  so 
prominent. 

yVrtificial  Vowels. — Just  as  it  is  possible  to  analyze  a  vowel  into  its  fundamental  tone  aodb 
up|)cr  tnncji,  it  is  |)os.sible  to  comiMund  tones  to  produce  the  vowcU  by  simultaneously  amykdlnf  Ite 
fundamentfl)  tone  and  the  corresponding  upper  tones.  (1)  A  vowel  is  produced  amply  by  iuigta| 
loudly  a  vowel,  e,  g..  A,  upon  a  certain  note  against  the  free  strings  of  an  open  piano,  while  by  At 
pe<lal  the  damper  is  kept  raised.  As  soon  as  we  stop  singing,  the  characteristic  vowel  b  souaded  bf 
tbe  strings  of  the  piano.  The  voice  sets  into  sympathetic  vibration  all  those  strings  whose  oierto*" 
{in  addition  to  the  fundainenlal  lone)  occur  in  the  vocal  compound  tone,  U)  that  they  vibtaK  far  * 
time  after  the  voice  ceases  \v.  IftlmkoUi).  (2)  Tt^e  vQ^yal  apparatus  dcYised  bv  v.  1  lelmholu  fl)a 
sists  of  numerous  tuning  forks,  which  arc  kept  vitinitlni;  by  meant  of  clectrD-augneta.  The  lowt* 
tuning  fork  gives  the  fundamental  tone,  H  lr,  and  the  others  the  overtones.  A  resonirtor  is  placed  ta 
front  of  each  tuning  fork,  and    the  distance  between  the  two    can  be  varied  at  pleaswe.    TW 
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opened.  By  meauit  of  a  series  of  keys,  like  the  keys  of  a  pumoforte,  we  can  tapidly  oficn  mad  doK 
the  reAonalors  at  will,  and  Ihiis  combine  various  ovcrlones  wiih  the  fundarocnULl  looe  lo  ai  to  pn- 
dtice  vowels  willi  dilTcrcnt  quali  iei-.  v.  Ifelmliolu  nuikes  the  following  compositiocu  :  U  —  b  ^«i(h 
h»  weak  and  f  <  ;  O  =  itnmpcd  B  t*  wiih  U  t>  itrong  and  weaker  b  >,  f ' .  d*' ;  A  :==  h  >  (fund— mmUI 
loae)  with  moderately  strong  b<  t»  and  f",  and  sironj;  h^  o  and  d>i>;  A  ^^  b>  ( fundaroenul  taat} 
with  b'  ^  and  f "  somewhat  atrongcr  than  Tur  A,  d  strong,  b"  >  weaker,  d"'  and  f ''  as  luoac  N 
possible;  E  =  b  t>  (as  fundamental  tune)  moderately  stronf;,  with  b'  9  and  f'  moderaic  ahoi  and  l", 
ab"* ,  and  b'"  t»  oa  :itcong  u  pojisiblc  ;  I  could  not  be  piroduced. 

In  Appunn'a  apparatus,  the  fundamental  tone  and  the  oveitones  are  produced  by  mam  ti 
organ  pi|)cs,  wliose  luiics  can  be  combined  to  produce  the  vowels  but  it  a  xma.  so  good  at  the  tuotoc 
forks,  Hincc  itic  or^an  pipes  do  not  yicUl  simple  tones,  but  nevertheleu  some  of  the  vowetf  can  be 
admirably  reproduced  (vilh  thit  apparatus. 

Edison's  PhoQograph. —  If  we  utter  the  vowelii  again-^  a  <lelicale  membrane  itretched  ovir  the 

FiC.  600. 


■ri 


Iwcaig'k  Af>tt^xaiuk  iot  ;tiutlyEiii|j;  a  (.uoii^uuiiti  luuc  u  i^  ibc  fuii<i;iinctkU>l  tunc  v  1 1 

end  of  a  hollow  cylinder,  and  if  n  writing  style  lie  fixed  to  the  centre  of  the  membrane,  et4  (kf 
atyle  be  so  arrant^cd  that  it  can  wrile  or  record  its  movements  on  a  piece  of  soft  Imfml  amnged  m  1 
revolving  apparata-v,  then  the  vowel  curve  i!»  stamped  as  it  were  up3n  the  tinfoil.  If  the  style  ddv  W 
made  to  touch  the  linfoil  while  the  latter  Is  moved,  then  the  style  is  moved— it  moves  the  SM^^aW. 
and  we  hear  difttinclly  by  rcionnnce  the  vowel  wund  reproduced. 

[Koenig's  Manonaetric  Flames. — Uy  means  of  this  at.H>aratus  the  <iuality  of  the  vowd  locMb 
ts  easily  shown.  It  consists  of  a  small  wooden  cap&tde,  .\,  divided  into  two  comportmmls  by  a  pB> 
of  thin  sheet  india-rubber.  Ordinary  gas  passes  into  the  chamber  on  one  side  of  the  nemteui. 
through  the  stopcock,  and  it  Is  U),'htcd  at  a  small  burner.  To  the  other  compartment  U  atlacM  ■ 
wider  lutte  with  a  mouthpiece.  The  whole  is  fixed  on  a  stand,  and  near  it  is  [tlaced  a  fcw  aM 
rotating  mirror,  M,  as  suggc>te<l  by  Wheaistone  (Hr.  59SI.  On  speaking  or  sinEtng  a  wpwi  I* 
the  mouthpiece,  and  rotating  the  mirror,  a  toothed  or  zigcag  itame  picture  U  obtamcsd  in  the  atknt 
The  form  of  the  flame  pic'ore  is  characteristic  for  each  vovel,  and  varies,  of  counc,  with  ibc  f*>A]- 
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[Fig.  599  shows  the  fomi  of  the  f)&me  picture  obtained  in  the  rutaling  m'nrror  when  ihe  voveU,  ou, 
o.  A,  are  sung  al  a  pitch  of  u/,,  jo/,,  and  w/,.     This  scries  shows  how  they  differ  in  qualiij.] 

[Koenig  hu  also  invented  ilic  apparatus  for  analyzing  any  compound  tone  wtio^e  lundomental 
tone  is  t'T,  (Fig.  600).  It  corui&tfi  of  a  scries  of  resonators,  from  UT,  to  viy  hxeii  in  an  iron  frame. 
Each  resonator  is  connecleii  with  iis  special  flame,  which  is  pictured  in  a  long,  oanow,  sauarc,  rotating 
minor.  I  f  a  tuning  fork  UT,  be  sounded,  only  the  flame  ut,  is  afTcctcd,  and  so  on  with  each  tuning 
fork  of  the  harmonic  series.  Suppose  a  compound  note  containing  ihe  fiiadamenlal  tone  UT,,  and 
il.s  harmonics  be  sounded,  tbcti  the  flame  of  UT,.  and  tbose  of  tiic  other  ]iarmonics  in  the  note  arc 
also  aflectcdr  w  that  the  tone  c^n  l>e  analyzed  optically.     7'he  some  may  be  done  with  the  vowels.] 

416.  LABYRINTH  DURING  HEARING.— If  we  ask  what  r6le  the  ear 
pla>s  ill  the  percepiioD  of  tlie  quality  of  sounds,  then  we  must  assume  that,  just 
as  with  the  help  of  resonators  a  musical  note  can  be  resolved  into  its  fundamental 
tone  and  overtones,  so  the  ear  is  capable  of  performing  such  an  analysis.  .^Thg 
Sit  resolves  the  complicaled  wave  forms  of  musical  tones  into  their  components. 
These  components  it  perceives  as  tones  harmunious  with  each  other ;  with  marked 
attention  each  is  perceived  singly,  so  that  the  ear  distinguishes  as  diflercnt  tone 
colors  only  dilTerent  combinations  of  these  simple  tone  sensations.  The  resolution 
of  complex  vibrations,  due  to  (juality,  into  simple  pendulum-like  vibrations  is  a 
characteristic  function  of  the  ear.  What  apparatiis  in  the  ear  is  capable  of  doing 
this?  If  we  sing  vigorously,  i.  g.,  the  musical  vowel  A  on  a  definite  note,  say 
b  t> — against  the  strings  of  an  open  pianoforte  while  the  damper  is  raised,  then 
we  cause  all  those  strings,  and  orj/y  those,  to  vibrate  sympathetically,  which  are 
contained  in  the  vowel  so  sung.  We  must,  therefore.  a5s,ume  that  an  analogous 
symi)athetic  ap|>aralus  occurs  in  the  ear,  which  is  tuned,  as  it  were,  for  different 
pitches,  and  which  will  vibrate  sympathetically  like  the  strings  of  a  pianoforte. 
**  If  wc  could  so  connect  every  string  of  a  piano  with  a  nerve  fibre  that  the  nerve 
fibre  would  be  excited  and  perceived  as  often  as  the  string  vibrated,  then,  as  is  actually 
the  case  in  the  ear,  every  musical  note  which  affected  the  instrument  would  excite 
a  series  of  sensations  exactly  corresponding  to  the  pendulum-like  vibrations  into 
which  the  original  movements  of  the  air  can  be  resolved  :  and  thus  the  existence 
of  each  individual  overtone  would  be  exactly  perceived,  as  is  actually  the  case  with 
the  ear.  The  perception  of  tones  of  different  pitch  would,  under  these  circum- 
stances, depend  upon  different  nerve  fibres,  and  hence  would  occur  quite  independ- 
ently of  each  other.  Microscopic  investigation  shows  that  there  are  somewhat 
similar  structures  in  the  ear.  The  free  ends  of  all  the  nerve  fibres  arc  connected 
with  small  ela.siic  panicles  which  we  must  assume  arc  set  into  sympathetic  vibra- 
tion by  the  sound  waves"  (v.  Ilelmhoitz). 

j^esolmign  by  the  Cochlea.— Formerly  v.  Helmholtz  considered  the  rods 
of  Corti  to  be  the  apparatus  that  vibrated  and  stimulated  the  terminations  of  the 
nerves.  But,  as  birds  and  amphibians,  which  certainly  can  distinguish  musical 
notes,  have  no  rods  { /lasse') .  tlie  stretched  radial  fibres  of  the  membrana  basilaris, 
on  which  the  organ  of  Corti  is  placed,  and  which  arc  shortest  in  the  first  turn  of 
the  cochlea,  becoming  longer  toward  the  apex  of  the  cochlea,  are  now  regarded 
as  the  vibrating  threads  {J/ensen).  Thus,  a  string-like  fibre  of  the  membrana  basi- 
laris,  which  is  capable  of  vibrating,  corresponds  to  every  possible  simple  tone. 
According  to  Honhcn.the  hairs  of  the  labyrinth,  which  are  of  unequal  length, 
may  serve  this  purpose.  ^Des^ryiction  of  the  apex  of  the  cochlea  causes  deafness  to 
deeper  tones  {Baf^'nsky^. 

[Hensen's  Experiments. — That  the  hairs  in  connection  with  the  hair  cells 
vibrate  to  a  particular  note  is  also  rendered  probable  by  the  experiments  of  Hensen 
on  the  crustacean  Mysis.  He  found  that  certain  of  the  minute  hairs  (auditory 
hairs)  in  the  auditory  organ  of  this  animal,  situate  at  the  base  of  the  antennae, 
vibrated  when  certain  tones  were  sounded  on  a  keyed  horn.  The  movements  of 
the  hairs  were  observed  by  a  low-power  microscoiJC.  In  mammals,  however,  there 
is  a  difficulty,  as  the  hairs  attached  to  the  cells  appear  to  be  all  about  the  same 
■  length.     Wc  must  not  forget  that  the  perception  of  sound  is  a  mental  act.] 
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This  assumption  also  explains  the  perception  of  noises.  

Of  noises  in  the  strictly  physical  sense,  it  is  assumed  that  they,  like  single 
impulses,  are  perceived  by  the  aid  of  the  saccules  and  the  ampulla:. 

it  is  assumed  that  the  saccules  and  the  ampullae  are  concerned  in  the  genera) 
perception  of  hearing,  i.  r.,  of  shocks  communicaied  to  the  auditory  nerve  (by 
impulses  and  noises) ;  while  by  the  cochlea  we  estimate  the  pitch  and  depth  of 
the  vibrations,  and  musical  character  of  the  vibrations  produced  by  tones. 

The  relation  of  the  semicircular  canals  to  the  equilibrium  of  the  body  is 
referred  to  in  §  550. 

417.  SIMULTANEOUS  ACTION  OF  TWO  TONES— HAR- 
MONY -BEATS— DISCORDS— DIFFERENTIAL  TONES— \VhcTi 

iivo  tones  of  difterent  pitch  fall  upon  the  car  smiuitancously,  they  caus«  different 
sensitions  according  to  the  difference  in  pitch. 

I.  Consonance. — If  the  number  of  vibrations  of  the  two  tones  is  in  the  ratio 
of  simple  multiples,  ^  i  :  2  :  3  :  4,  so  tliat  when  the  low  notes  make  one  vtbralioo 
the  higher  one  makes  2  :  3  or  4  .  .  .  .  then  we  experience  a  sensation  of  complete 
harmony  or  concord. 

3,  Interference. — If,  however,  the  two  tones  do  not  stand  to  each  other  in 
the  relation  of  simple  multiple-s,  then  when  both  tones  are  sounded  simultaneously 
iHttrferenee  takes  place.  The  hollows  of  ihe  one  sound  wave  can  no  longer  coin- 
cide with  the  hollows  of  the  other,  and  the  crests  with  the  crests,  but,  correspond- 
ing to  the  difference  of  number  of  vibrations  of  both  curves,  sometimes  a  wave 
crest  must  coincide  with  a  wave  hollow.  Hence,  when  wave  crest  meets  wave  crest, 
there  must  be  an  increase  in  the  strength  of  the  tone,  and  when  a  hollow  coincides 
with  a  crest,  the  sound  must  be  weakened.  Thus  we  obtain  the  impression  of  those 
variations  in  tone  intensity  which  have  been  called  **  beats." 

The  number  of  vibrations  Is  of  course  nlways  equal  to  llic  ditTercnce  of  the  numlwr  of  vibra6o» 
of  bolh  loTies.  The  beats  are  pcrccivctl  most  ilifiinctly  wbcn  two  organ  lone*  of  low  pitch  ut 
■ounde<l  together  to  unison,  bul  slightly  out  of  tune.  Suppose  we  take  two  organ  pipes  with  33 
vibratJODS  per  second,  &od  so  alter  one  pipe  thai  it  gives  34  vibrations  |>er  second,  then  one  distinct 
beat  will  lie  heard  every  second.  The  ^)cnts  arc  heard  marc  freqoently  the  greater  the  diffetCDcx 
between  the  uumbcrof  vibrations  of  the  two  tones. 

Successive  Beats.— The  beats,  however,  produce  very  different  impressioDS 
upon  the  car  according  to  the  rapidity  with  which  they  succeed  each  other. 

I.  Isolated  Beats. — When  they  occur  at  long  intervals,  we  may  perceive  them 
as  completely  isolated,  bul  single  intensifications  of  the  sound  with  siibsci]iicnt 
enfeeblement,  so  that  ihey  give  rise  to  the  impression  of  isolated  beau. 

a.'  Dissonance. — When  the  beats  occur  more  rapidly  they  cause  a  continuous 
disagreeable  whirring  impression,  which  is  spoken  of  as  dissonance^  ox  zn  unhar- 
monious  sensation.  The  greatest  degree  of  unpleasant  painful  dissonance  occucs 
when  there  are  v^  ^^^^\  P^  second. 

3.  Harmony.— If"  the  beats  take  place  more  rapidly  than  33  times  per  second, 
the  sensation  of  dissonance  gradually  diminishes,  and  itdoessothe  more  rapidly 
the  beats  occur.  The  sensation  passes  gradually  from  moderately  inharmonioi& 
relations  (which  in  music  have  to  be  resolved  by  certain  laws)  toward  consonance 
or  harmony.  The  tone  relations  are  successively  the  Second,  Seventh,  Minor 
Third.  Minor  Sixth,  Major  Third,  Major  Sixth,  Fourth  and  Fifth. 

4.  Action  of  the  Musical  Tones  ("  Kiange*'). — Two  musical  "klangs/* 
or  compound  tones,  falling  on  the  ear  sinuillaneously,  produce  a  result  similar  to 
that  of  two  simple  tones;  but  in  this  case  we  have  to  deal  not  only  with  the  two 
fundamental  tones ;  hwt  also  with  the  overtones.  Hence  the  degree  of  dissonance 
of  two  musical  tones  is  the  more  pronounced  the  more  the  fundamental  tones  and 
the  overtones  (and  the  "differential  "  tones)  produce  beats  which  number  about 
^^  per  second. 

5.  Differential  Tones. — Lastly,  two  "  klangs,"  or  twosimple  musical  tones 


I 


PERCEPTION   OF  THE   DrRECTION   OF  SOUNDS. 


869 


I 


sounding  simultaneously,  may  give  rise  to  ntio  tones  when  they  are  uniformly  and 
simultaneously  sounding  in  corresponding  intensity.  We  can  hear,  if  we  listen 
attentively,  a  third  new  tone,  whose  number  of  vibrations  corresponds  to  the 
diflference  between  the  two  primary  tones,  and  hence  it  is  called  a  "  differentia/ 
toner 

Sunimationnl  Ton.e9. — It  was  rormerly  supposed  that  new  toncf  could  vise  from  the  summa- 
tion  or  ajdtlum  of  their  number  of  vibraiions^  bui  it  has  liecn  shown  that  (hesc  tones  arc  In  re»Uty 
differential  tones  of  a  high  enter  {Appunn^  Preytr). 

418.  PERCEPTION  OF  SOUND— OBJECTIVE  AND  SUB- 
JECTIVE AUDITION^AFTER-SENSATION.— Objective  and 
Auditory  Perceptions. — When  th;.-  siimulalion  of  the  terrainations  of  the 
nervfs  of  the  labyrinth  is  referred  to  the  outer  world,  then  we  have  objective 
auditory  perceptions.  Such  stimulations  are  only  referred  to  the  outer  world  as  are 
conveyed  to  the  membrana  tyinpani  by  vibrations  of  the  air,  as  is  shown  by  the 
fact  that  if  the  head  be  immersed  in  water,  and  the  auditory  meatuses  be  filled 
thereby,  we  hear  all  the  vibrations  as  if  they  occurred  within  our  head  itself  i^Ed. 
Weber)^  and  the  same  is  the  case  with  our  own  voices,  as  well  as  with  the 
sound  waves  conducted  through  the  bones  of  the  head,  when  both  ears  are  firmly 
plugged. 

Perception  of  Direction. — As  to  the  perception  of  the  direction  whence 
sound  comes,  we  obtain  some  information  from  the  jxUUon  of  both  meatuses  to 
the  source  of  the  sound,  especially  if  we  turn  the  head  in  the  supposed  direction  of 
the  sound.  We  distinguish  more  easily  the  direction  from  which  noise  mixed  with 
miLsical  tones  come  than  that  of  tones  {Rayieif^h).  When  both_£ars  are  stimulated 
equally,  we  refer  the  source  of  the  sound  to  the  middle  line  anteriorly,  but  when 
one  ear  is  stimulated  more  strongly  than  the  other,  we  refer  the  source  of  the 
sound  moretn  one  side  {Kessel).  The  position  of  the  ear  muscles,  which  perhaps 
act  like  an  ear  funnel,  is  important.  According  to  Kd.  Weber,  it  is  more  difficult 
to  determine  the  direction  of  sound  when  the  ears  are  firmly  fixed  to  the  side  of 
the  head.  Further,  if  we  place  the  hollow  of  botli  hands  in  front  of  the  car,  so  as 
to  form  an  open  cavity  behind  them,  we  arc  apt  to  suppose  that  a  sounding  body 
placed  in  front  is  behind  us.  The  semicircular  canak  arc  said  also  to  be  concerned, 
as  sound  coming  from  a  certain  direction  must  always  excite  one  canal  more  than 
the  otlters.  Thus,  the  left  horizontal  canal  is  most  stimulated  by  horizontal 
sound  waves  coming  from  the  left  (^Freyer).  Other  observers  assert  that  the 
membrana  tympani  localizes  the  sound,  as  only  certain  parts  of  it  are  affected  by 
the  sound  waves. 

The  distance  of  a  sound  is  judged  of  partly  by  the  intensity  or  hudrusspl  the 
sound,  stich  as  wc  have  learned  to  estimate  from  sound  at  a  known  distance.  But 
still  we  are  subject  to  many  misconceptions  in  this  respect. 

Araont;  subjective  auditory  sensations  are  the  after  vibrations,  especially  of  intense  imd 
continued  muncal  tones;  the  tinnitus  auhum  (p.  655),  which  often  accomiianies  abnormal  move- 
mcnts  of  the  blood  in  the  car,  may  be  due  to  amechaDical  sliiuulotioDof  the  auditory  fibres,  perhaps 
by  the  blood  stream  {Brentur). 

[Drugs.— Cannabis  indica  seems  to  act  on  the  hearing  centre,  giving  rise  to  subjective  sounds;thc 
hearing  is  rendere:!  more  ncute  by  strychnin ;  while  <(uinine  and  sodic  solicylole  in  large  doses  cause 
ringing  in  the  cars  {Brunifn).'\ 

Entoticat  perceptions,  which  arc  due  to  causes  witlijn  the  car  itself,  arc  such  as  bearing  the 
puiu  heats  in  the  surrtiunding  orteries,  and  ihe  rushing  sound  of  the  blood,  which  is  especially  strung 
when  there  is  increased  resonance  of  the  ear  (as  when  the  meatus  or  tympanum  is  closed.or  when 
fluid  accumulates  in  the  latter),  during  increased  cardiac  aciion,  or  in  hy[>cr.rsthcBia  of  the  auditory 
nerve  [Brenner).  Sometimes  there  is  a  cracking  noise  in  the  maxillary  articulation,  the  noise  pro- 
duced by  traction  of  the  muscles  on  the  Kustacliiaa  tube  {\  411).  and  when  air  is  forced  into  the 
latter,  or  when  (he  membrana  tympani  is  forced  outward  or  inward  {\  350). 

Fatigue. — The  enr  oftcr  a  time  becomes  fatigued,  either  for  one  lone  or  for  a  serica  of  tones  which 
_  have  acted  on  it,  while  the  perceptive  activity  is  not  a^ected  for  other  tones.  Complete  recovery, 
■     however,  lakes  place  iu  a  few  seconds  {UrbantseAitsck). 
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870        AUDITORY   AFTER-SENSATIONS   AND   COLOR   ASSOCIATIONS. 

Auditory  After  Sensations. — (i)  Those  that  corresfiond  to  /^sirixv  aficr-aensatioiM,  where  (tr 
afterscnMtion  is  lo  closely  connecte<I  with  the  original  tone  that  both  appaz  CO  be  ciBiUPMnsi  (>) 
There  are  sume  after -sensations,  where  a  pause  intervenes  between  the  end  of  ibc  ofajectm  >a4  or 
beginning  of  the  subjective  tone  (  UrhttrntuMituk).  (3)  There  seems  ftlso  to  be  a  fona  cofrqpoadfaf 
to  Mfgtttivt  aAcrimagcs. 

In  some  persons,  the  perrepiion  of  «  (one  is  accomp«nted  bf  the  occumxtce  of  whyecdTt.  csolncs, 
or  the  Miualion  of  light,  f^.,  the  &ound  of  a  tnimpet,  accompanied  hy  the  iriiMrinii  of  fellev. 
More  seldom  visual  sensations  of  this  kind  are  obterved  when  the  nerves  of  larte,  hdcS,  cr 
touch  are  excited  (AWi^um/r,  LekmaHn  and  Binder).  It  is  mure  comnKMi  to  6»d  Um  as 
inteoK  sharp  sound  is  iccompaaled  by  an  associated  sectsalioo  of  the  sensory  nsves.  TIih 
many  people  experience  a  cold  shudder  when  a  slate  pencil  is  drawn  in  a  peculiar  msiifr  acfoa  a 
slate. 

[Color  Associations. — Color  is  in  some  persons  instantaneously  uwdated  with  aoood,  mA 
Gallon  reniorLs  that  it  is  rather  commoa  in  children,  although  in  an  iH^evrioped  ik^iee,  and  Ae 
tendencT  seems  to  !<  very  hereditary.  Sometimes  a  particular  color  is  associaicd  with  a  paftkatar 
letter,  vowel  sounds  particularly  evoking  colors.  Galton  has  giren  colofod  n^iisaamiosw  of  choc 
color  ossociaitons,  and  he  points  out  their  rdalton  to  what  he  calb  number  forasa*  or  the  naoo*- 
tion  of  certain  forms  with  certain  numbers.] 

An  auditory  impulse  communicated  to  one  ear  at  the  tame  time  oAcn  caaaa  an  Kfcaae  ia  ihr 
auditory*  function  of  the  Hker  ear,  in  consequence  of  the  stimiibuoo  of  (he  aadilaty  ccat^  of  ktA 
sides  (  Vrhisnlukitick.  Eilelhrr^), 

Other  Stimuli. — The  auditory  spparatus,  besides  being  ezdtcd  by  Boond  ' 
by  heterologous  stiiuuU.     It  is  stimulated  me/Aamiemlfy  by  a  sodden  blow  oa  iIk  ear.     TW 
of  tifitriiiry  and  pathol<^ical  conditions  arerererred  lo  in  {  350. 

419.  COMPARATIVE—HISTORICAL.— The  lowest  fishes,  the  cyclattcBBite  |TNilii^ 
fon),  have  a  saccule  provided  with  anditory  hairs  containing  oudiths,  and 
senicircular  canals,  while  the  aysinoids  uvc  only  one  semicirmlar  canaL  MoM  of  ikes 
however,  have  a  utricle  communicating  with  three  semicircular  canals.  lo  (be  1 
the  UtiTinth  communicaie  with  the  swimming  bladder.  In  amphibia,  (bcsttwciaRof  Acl 
is  somewhat  like  that  ta  fishes,  bat  the  cochlea  is  not  typically  developed  Moot  ampMbia.  caafK 
ti*c  Irog.  are  devoid  of  a  mesabnna  tympaai.  Only  the  feoestra  ovalis  (aot  Ae  witaaala)  eaises,  mA 
k  is  connected  in  the  frog  by  three  ossicles  with  the  fredy-cxpeard  mrwIiraaM  ry^ami ,  Am^ 
reptiles  the  ^pendis  to  the  saccule.  corrcspoDding  10  the  cocidea.  begins  M  be  la laaiai  ni.  la 
the  tortoise  it  b  saccular,  Utt  in  the  crocodile  it  b  kmger,  and  juitahal  cmed  ami  dSkttBk  at  Ac 
end.  In  all  reptiles  the  fexiestm  roCmida  b  dev^oped,  wfa<rehy  the  codUea  is  cowaected  wah  de 
labynnth.  In  crocodiles  and  birds,  the  oochlea  b  divided  ndo  a  acala  votAaM  mmA  S 
Snakes  are  devoid  of  a  mnpaoic  csvny.  In  btrds  both  sacenles  ^Flg.  591,  IV,  U  SO  i 
{H*sse),  the  canal  of  the  cochlea  {V  Cl.  which  Jscoonected  by  meaas  of  a  fine  tafca  iCi 
saccule,  b  larger,  and  shows  indicatkiQs  of  a  i|aral  anaagcoMat^aad  hm  a  6aak-fike  Uiad  1 
tageaa  (L).  The  auditory  osades  in  ladlcs  aad  btads  ace  rfdarrrt  to  mte  1  al^aa  HI  1  ro^  < 
ftapooding  to  the  stapes,  sod  called  ttie  oolaaDclla.  The  lovea  aiaiaaMJa  (Edhatea  1  h 
stiwettties  very  hke  tlMue  of  bin^  <rtile  the  higher  ma— ab  hav«  dw  sime  tg^  aa  k  maa  (1%. 
591,  III).     The  Enatachisa  tvftc  is  always  opca  m  the  wbdc 

Aaoog  UTOtebrata.  the  auditory  ocgmi  is  vvy  «ap)e  ia  matlame  and  mrikaca.     Ik 
aUadfcr  Caiod  with  flnidj  with  the  andstory  aerves  |aondcd  w«h  tte  W^fi^  >»  ■**  aaMi        Ifair 
celbocGartB  the  iatcrior.paowided  with  oae  or  amre  rOahfr      Uensa  liawimit  Asi  ia  aemm  af 
the  auMkaa.  when  soaad  was  ooadftsaod  taao  Ike  wa*cs»  nsv  of  tiK  aadiary  bmiSca  ^ 
aii^icd  lor  special  Mwes.     la  ctvWapoda.  «c  Haiatedak  Ae  fins  < 
aad  CHtdagBuoas  Ubyrinn. 

HtstoricaJ.— Ekmetiacles  (^3  s^  c)  nrfesied  aa&ary  ■upiuwiuas  la  ikc  oaeUca.      T%*  1 
ciMic  School  was  amnmawil  w>h  the  Iji— ■,  Mil  Aii^adc  (384  ■lcJ  wjfciae 

VcMfias  (1561)  descnbed  ite  teMVl|«iiaai:  Oil (1560)  the  < 

ufthihtil,  amiriM-iiiu(i^i)  iIuliRiiJ  flia  iiiitialMlii 

the  two  teenw,  the  cochlea,  Md  the  siiwilmf     Fanlarhiaa  ft  tyjo\  dcacz&ed  tkr  mmfiafa^tta 
haimi  spiraBs  of  the  cecMea.  the  Faairb  in  nri)e.M  wcO  as  the  «r=<el9  rf  1^ 
■    (IS8j);Caaeri  <i6oo)  the  laaaaa  ^mlm      iiiliiiiiiii  07)' 

M»mm;  Vcslhv(l6ii)(he  sapetfas.    liemnr  -a 

(xfiSS)  npnlaarabfJ  oa  Ae  cwdarfsrm  «f  atx^i^ 
aJvMceJ  by  the  woAof  ChMM'(ifta).   The  it  wn  iii  sad  la^a  w«fc  oa  Ae . 

isbsraitsiataa(l»iaO- 


THE  SENSE  OF  SMHLL 


430.  STRUCTURE  OF  THE  ORGAN  OF  SMELL.— Regio  Olfactoria— The  am 
of  ihc  dtMnbuiion  of  the  ol^ctory  nerve  is  the  regio  oUactoria,  which  embraces  the  upper  port  of 
the  septam,  (he  upper,  and  part  of  the  initldle  (Cm)  turbinated  bone  (Fig.  6oi,  Cs\.  AU  the 
renuinder  of  ibe  nouil  cavity  ts  called  the  regio  reapiratoria.  These  two  regions  are  distinguished 
as  follows:  (I)  The  rcf^  olfactcria  hns  a  thicker  mucous  membrane.  (2)  It  is  covered  by  a  »iDgle 
layer  of  cylindricnl  epiihebuTn,  the  cclU  bciogoftca  branched  al  ihcir  lower  ends,  and  contain  a  yel- 
low or  browTUsb-Tc<]  pt^^mcnt  (Figs.  6o3,  603,  E).  (3)  It  \y  colored  by  thi^  pigment,  and  \s  thereby 
diiUogniihcd  from  the  iwcolorcd  regio  respirotoria,  which  i>  coveted  by  ciliated  epithelium.     (4)  It 

Fic.  60a. 


N«uU  and  pharyttgo— >■  *  I  csiritl«*.  /.,  Ivk-^iot  €lcv»> 
lloe.  Jfj^.,  plica  Mlpingo-palaiina ,  Cj.  Cm, 
C(,(h«ihrcc  lurbiiul*))  Iwne*  {l/rlmmifkilt<)i). 


Vcntcal  wction  of  th«  olCiictory  rc|{Km  frabUt). 
X  SBo-  *,  di«)c :  ■#,  wonv  of  ovaI,  and  <r  at 
toncfioil  nuclei .  h.  haul  cell*  :  *U,  (Mrt  uf  a 
Bownuui's  gland :  «,  branch  of  the  etfihctvry 
nerva. 


contains  peculiar  tubular  glands  I  Bowman's  glands),  described  as  "mixed  glands  "  by  Paulsoi 
{\  142)1  while  the  rest  of  the  mucous  memlTntic  contains  numerotu  aciooas  serous  glands  ( //W</ri>- 
Jkam) ;  hut  in  man  the  latter  are  sahi  to  be  mixed  glands  { S/oAr)  ( Fig.  603).  1  .ymph  (bllicles  tie  in 
the  mucous  memLvane,  and  from  them  numerous  leucocytes  pass  out  oa  to  free  surface  {SffiAr).  (5) 
lastly,  the  regio  olfactoriaeml>r.ices  theend  organs  of  theolfactory  nerve.  The  lon^,  narrow  olfactory 
cella  (Fic-^^iN)  are  dt«tribuied  between  the  ordinary  cylindrical  epithelium  \¥.\  covering  the 
regio  otfactoria.  The  Ixxly  of  the  cell  is  spindle  shaped,  with  a  large  nucleus  containing  nucleoli, 
and  it  semi^  upward  Ijetwecn  the  cylindrical  cells  a  narrow  (0,9  to  1.8  /i)  jmooth  njd.'ioile  uptolbe 
free  surface  of  the  mucous  membrane.  In  the  frog  {/$)  the  free  end  carries  deUcoIc  projecting  hairs 
or  bristles.  In  the  deeper  port  of  the  mucous  memUane.  the  olfactory  cells  pOM  into,  and  become 
coalinuoas  with,  varicose  fine  nerve  hbres,  which  pass  into  the  olfactory  nerve  (3  321. 1, 1).  Accord- 
lig  to  C.  K.  HofTmono  and  Exner,  after  section  of  the  olfactory  nenc,  the  specific  olfactory  end 
organs  become  changed  into  cylindrical  qnlheliiim  ffrog),andia  wann-blooded  animals  tbey  undergo 
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OLFACTDUY   SENSATIONS. 


Tally  degeneration,  even  on  the  15th  day.     v.  Uruno  found  a  EomogcocQUs  limiting  membmie,  whicfa 
had  holei  in  il  for  transmitting  the  processes  of  the  olfaclory  cells  only. 

[The  respiratory  part  of  the  nasal  mucous  memlKane  is  lined  hy  ciliated  cpttheltum  stratified 
like  that  in  iIip  trachea  ard  resting  on  1  basement  membrane.  Ucluw  this  Ifaere  nre  mfloy  lymph 
corpuscles  and  a^igrcgations  of  adenoid  tisioc.] 

[The  organ  of  Jacobaon  is  present  in  fill  mammals,  and  coniists  of  two  narrow  tubca  urolectcd 
by  cariiln^if,  and  placed  id  the  lower  and  anterior  part  of  the  oasaJ  septttm. 
Each  tube  lerminutts  blindly  behind,  but  anteriorly  it  opens  into  the  nuil  fcr- 
tiu.  603.  row  or  into  the  nasD-palatine  caiul  (dog).     The  wall  next  the  middle  Hneii 

covered  by  olfaclory  epillieliuni,  and  receives  o]factur>'  nerves  (rabt)it,  guioea- 
pig),  and  il  coiuaim  glands  similar  to  lhc»<e  of  llic  uIf.ictory  region;  the  outer 
wall  is  covered  by  ctTiimnnr  cprthchtim  ciliated  in  some  animali  (XUm).] 

421.  OLFACTORY  SENSATIONS.— Olfactory  sensa- 
tions are  produced  by  the  action  of  gaseous,  odorous  substances, 
being  brought  into  direct  contact  with  the  olfaclory  celU, 
during  the  acl  of  breathing.  'Jhc  current  of  air  is  divided  by  the 
anterior  projection  of  the  lowest  turbinated  bone,  so  that  a  part 
above  the  latter  is  conducted  to  the  reglo  olfactoria-  Odorotis 
bodies  taken  into  the  mouth  and  then  expired  through  the  pos- 
terior nares  are  said  not  to  he  binell  {^Bidder).  [This  is  cerlainljr 
not  true,  as  has  been  proved  by  Aronsohn.] 

[It  is  usually  stated  that  only  odoroui^  psriicles  smi^ended  m  air  excite  the 
scniaiion  of  smell.  This  is  certainly  not  the  whole  truth— otherwise,  hotr  do 
aquatic  animals,  like  Kx^x,  sinell  ?  Moreover,  llie  mucous  membrane  is  alwajn 
muist,  imJ  in  ifome  cases  where  there  is  a  profuse  secretion  from  the  olfadocy 
mucuiLs  ineuibrane,  there  is  do  impaiiment  of  the  sense  of  smell.] 

During  inspiration,  the  air  streams  along  close  to  the  septum,  while  ttuleof  II 
pa&sc>»  through  the  nasal  jiassagcs,  especially  the  sopeiior  ( Paulsen  and  Emrr). 
[The  expired  air  takes  olino^it  the  same  couim:  as  tht:  in5>pired  air] 

The _/?rj/ moment  of  contact  between  the  odorous  body  antj 
the  ollactory  mucous  membrane  appears  to  be  the  time  when  the 
sensation  takes  place,  as,  when  we  wish  to  obtain  a  more  exact  j)er- 
ception,  we  i«/^several  times,/,  f.,  a  series  of  rapid  inspirations  are  taken,  the  mouth 
being  kept  closed.  During  sniffing,  the  air  within  the  nasal  cavities  is  rarefied,  and 
as  air  rushes  in  to  equilibrate  the  pressure,  the  air,  laden  with  odorous  particles, 
streams  over  the  olfactory  region.  Odorous  fluids  are  said  not  to  give  rise  10 
the  sensation  of  smell  when  they  arc  brought  into  direct  contact  with  the  olfactory 
mucous  membrane,  as  by  pouring  eau  de  Cologne  into  the  nostrils  (  Tourfuai, 
1827;  E.  If.  iVfdcr,  tS47).  [Aronsohn  has,  however,  shown  that  these  experi- 
ments are  not  accurate,  for  one  can  smell  eau  de  Cologne,  clove  oil,  etc.,  when  a 
mixture  of  these  bodie-swith  .73  per  cent.  NaCl  is  applied  to  the  olfactory  mucous 
membrane  ;  the  most  suitable  medium  is  .73  per  cent.  NaCl  and  its  temperature 
40-43°  C]  Even  water  alone  temporarily  affects  the  cells.  We  know  practically 
nothing  about  the  nature  of  the  action  of  odorous  bodies,  but  many  odorous  vapoi^ 
have  a  considerable  power  of  absorbing  heat  {Tyttda//),  [Odorous  bodies  dimin- 
ish the  number  of  respirations  {Gourtun'tsch).'] 

The  intensity  of  the  sensation  depends  on — 1.  Tlie  size  of  the  olfactory 
surface,  as  animals  with  a  very  keen  sense  of  smell  are  found  to  have  complex  turbi- 
nated bones  covered  by  the  olfactory  mucous  membrane.  2.  The  concentration 
of  the  odorous  mixture  of  the  air.  Still,  some  substances  may  be  attenuated 
enormously  {e.  g.,  musk  to  the  two-millionth  of  a  inilligramme),  and  still  be 
smelt.  3.  The  frequency  of  the  conduction  of  the  vapor  to  the  olfactory  cells 
(sniffing). 

[The  acuteness  of  the  sense  of  smell  is  greatly  improved  by  practice.  A  boy 
named  James  Mitchell,  who  was  deaf,  dumb,  and  blind,  used  his  sense  of  smell, 
like  a  dog,  to  distinguish  persons  and  things.] 


N,  olb<:lor)>  c«1U  (hu- 
Dun);  N.  from  thtr 
froK :  E.  i-piih«- 
Ihim  of  the  fc^ixi 
oL&ctorui. 
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[As  in  the  cose  of  siglil  a»il  hearing,  it  has  been  sought  to  con  sect  the  quality  or  tule  and  smell 
viih  the  kind  of  vibraling  &timalas.  Ramuiy  showed  that  niAny  facts  poinied  to  the  dependence  of 
smell  upon  the  vibratory  moiiou  of  odorous  paiticlcs ;  thus  many  ga^cs  and  vapors  of  low  specific 
gravity — i".  ^.,  with  a  very  rapid  vibration  of  iheir  molecules — are  perfectly  odorless,  while  auch  sub- 
stances as  the  alcohols  and  fatty  ncid^,  alil<c  in  chcmictl  and  phyiiical  properties,  can  excite  generic 
smells,  the  higher  memlMrrs  of  (he  group  being  more  powerful  in  this  recp^cl  than  the  lower  ones. 
Tflking  the  elements  »s  ftrninj»cd  in  a  "  Natural  Classjhcalion  "  by  Mendclejeff,  llaycrnft  his  shown 
that  elcoicntiin  the  same  group  arc  capable  of  (iroducing  similar  or  related  tusics,  and  the  same 
seems  to  be  true  for  Pniell  {^Hijycrafi').'\ 

We  can  smell  the  futlowing substances  in  the  following  proporlioits :  Bromine -tj^J^j,,. sulphuretted 
hydrogen  yajjio(F  milligramme  in  I  c.cm.  of  air  (  Valentin  ;  also  jjoJtroff  ^^  ^  milligramme  of  clilor 
phenol,  and  ^TnnrJimsB  o^  ^  milligramme  of  mercapton  {E.  hisiher  and  FenzoUt). 

f.Uctricai  stimuli  give  rise  to  olfactory  sensations.  [Alihaus  found  that  electrical  Btimulation 
of  the  olfactory  mucous  membrane  gave  riic  to  ttie  senaaiion  of  the  smell  of  pho>]7horus,  and  Aroii- 
sohn  found  that  he  smelt  on  making  the  current  when  the  cathode — and  on  breaking  the  current 
when  the  anode — was  in  the  nose.  ■ 

The  variations  are  referred  to  in  \  343.  If  the  two  nostrils  are  filled  with  different  odorous  sub- 
stances there  is  no  mixture  of  the  odors,  but  we  smell  sometimes  the  one  and  sometimes  the  other 
(  VaieHiin\.  [Some  substonces  appear  to  affect  some  regions  of  the  olfactory  membrane,  while  olhcia 
affect  other  parts.]  The  sense  of  smell,  however,  is  very  soon  blunted,  or  even  paralyxed.  [It  can 
be  blunted  or  fatigued  in  a  few  minutes ;  but  after  it  is  completely  fatigued  it  can  recover  in  a 
DiiDUtc.]  Morphia,  when  mixed  with  a  little  sugar  and  tnken  ai  snutf,  [laralyzes  the  olfactory  ai^jia- 
ratiis,  while  slrj-chnin  makes  it  more  sensitive  [^Lichtenfels  and FtShlick). 

The  sensory  ncn-cs  of  tlie  nasal  mucous  membrane  {\  347,  II)  [1'.  <*.,  those  supplied  from  the 
fifth  cranial  nerve]  are  stimulated  by  irritating  vapors,  and  may  even  cause  pain,  t.  g.^  ammonia  and 
acetic  acid.  In  a  very  diluted  condition  they  may  even  act  on  the  olfactory  nerves,  llie  nose  Is 
useful  as  a  sentinel  fur  guarding  against  the  introduction  of  disagreeable  odors  and  foods.  The  sense 
of  smell,  i«  aided  by  the  5en>e  of  taste,  and  conversely. 

[Flavor  dejicnds  on  the  sense  of  smell,  ami,  to  test  it,  use  i^ubstances,  solid  or  fluid,  wi'.h  an 
aroma  ax  bcuipift,  such  as  wine  or  roast  beef.] 

[Metbod  of  Testing — In  doing  so,  avoid  the  use  of  pungent  substances  like  ammonia,  which 
excite  the  fifth  nerve.  Use  some  of  the  essential  volatile  oils,  such  as  cloves,  bcrr;amni,  and  the 
feiid  gum  resins,  or  musk  and  camphor.     Electrical  stimuh  are  not  available.     Action  of  Drugs, 

«  343  1  \ 

Comparative. — In  the  lowest  vettebrata,  ]Xts,  or  depressions  provided  with  an  olfactory  nerve, 
represent  the  simplest  olfactory  organ.  Ampliioxus  and  the  cyclostomala  have  only  one  olfactory  pit ; 
all  other  vertebrates  have  t*vo.  In  some  animals  (frx^)  the  nose  communicates  with  the  mouth  by 
ducts.     The  olfactory  nerve  is  a^wcnt  in  the  whale. 

Historical. — Rufus  Kphcsiu?  (^97  A.n.)  described  the  pawogc  of  the  olfactory  nerve  through  the 
ethmoid  lone.  Kudius  (1600)  dissected  the  body  of  a  man  with  conj^enital  anosmia,  iu  whom  the 
olfactory  nerves  were  absent.  Magendic  originally  suppased  that  the  nasal  branch  of  the  fifth  was 
the  Dcrve  of  smell,  a  view  successfully  combated  by  Eschricht. 


THE  SENSE  OF  TASTE. 


422.  STRUCTURE  OF  THE  GUSTATORY  ORGANS.— Gusta- 
tory Region, —  There  is  considerable  difference  of  opinion  as  to  what  regions  of 
the  moulh  arc  endowed  with  taste:  (i)  The  root  of  the  tongue  in  the  neighbor- 
hood of  the  circu  nival  late  papillie,  the  area  of  distribution  ol  the  glos50*pharyn- 
geal  nene,  is  undoubtedly  endowed  with  taste  (§  35 1).  (2)  The  tip  and  margins 
of  the  tongue  aro  gustatory,  but  there  are  very  considerable  variations.  (3)  The 
lateral  part  of  the  soft  palate  and  the  glosso-palatine  arch  are  endowed  with  taste 
from  the  glosso-pharyngeal  nerve.  (4)  It  is  uncertain  whether  the  hard  palate 
and  the  entrance  to  the  larynx  are  endowed  with  taste  {Drielsma).  The  noiddle 
of  the  tongue  is  not  gustatory. 

[Tongue — Mucous  Membrane. — I'he  structure  of  (he  tongue,  as  a  inu^ular  orgxn  covered 
with  mucous  mcrabrane,  has  already  hccn  described  {{  155).  The  dorsnl  surface  of  the  tongue,  to 
front  of  the  bliml  fonunen,  U  IkscI  with  clevalions  of  the  mucous  uiembroiii:,  which  extend  to  iti  \.\^ 
and  borJers.  These  elevation*,  or  papillae,  are  of  three  l(ind>;  filiforTii,  fungiform,  and  circum- 
vallate.  They  consist  of  elevations  of  the  mucous  membraoe,  visible  lo  the  naked  eye,  and  cov- 
ered by  straiiliefl  squamous  cpilhelium.  while  the  central  core  of  connective  tissue  contains  blood 
and  lymph  vessels  and  nerves.  The  filifornn  papillae  occur  over  ihe  whole  tongue,  and  are  small- 
est and  most  nuiT)erou.s.     They  are  conical  eminences  covered  by  stratified  Miuamotu   epithelium, 


Fig.  604. 
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Fia.  £04.— LongitiKUnd  iiccitan  or  th«  dontutn  o(  the  human  tonruc  i,  K«tionof  tvo  flUfora  pApIUac.  with  mcob- 
darf  pitpUuE  {3) ;  3.  double,  4,  lioffle  procru  of  epithelium  with  \ao*c  epithelial  icale*.    X  30. 

Fig.  6os- — Lcuwituwrutl  tection  of  the  nuDiKn  tongue.  i.tccoDdary  papiUxon  a,  the  lunclfona  pjiplUge:  3,  hneof  t: 
4,  tmaU  fimortn  papilla.    X  30- 


and  often  beset  witli  secondary  papiU.^  (Fig.  604).  The  fungiforoi  papillK  occur  chiefly  over  the 
middle  and  front  part  of  the  tongue,  and  are  not  so  oamerou^  as  the  last.  They  are  citib-shaped, 
with  a  narrow  base,  and  broad,  expanded,  rounded  head.  They  also  have  secondary  papillx.  They 
ore  geiterally  brighter  red  llian  the  others  (Fig.  605).  The  circumvallate  papitUe,  S  to  12  in 
number,  diverge  from  the  foramen  oeami  at  the  back  part  of  the  tongue  in  two  rowi  in  the  form  of 
a  wide  V,  Ilie  open  angle  uf  the  V  being  directed  forward.  They  are  large,  with  a  broad,  expaodcd 
top,  and  are  lodged  in  a  depression  of  the  mucous  membrane,  being  mrroimded  by  a  wall  of  nmcoiu 
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I(  TraMvene  xectloB of  a  cirenmvallate  paplllA  :  W,  the  papilla  :  V|,  m,  the  wall  in  tKtMin  ;  R,  R.  the  circuUr  liit 
or  (ot**:  K,  K.  lh«  la^te  1>ii|)m  in  position  ;  N,  N,  the  n«rv».  )].  iMUted  laalcbulb;  V>,  MPpofting  6r  pro- 
tective cclli :  K,  und«r  end:  E,  free  end,  open,  wiih  ihe  projcctinfi  apices  of  the  tutc  celk.  Ill,  ItoUuJ  pro- 
tective cell  (li)  with  B  usic  cell  (/). 

covered  by  Schwalbe  and  levin  C1S67).  They  occur  on  the  lateral  surfaces  of  the  circuravallate 
papilLe  (Fig.  606,  I),  and  upon  the  opposile  su\c  K,  of  the  fossa  or  capillary  stit,  K,  R,  which  sur- 
rounds the  central  eminence  or  papilla; 


they  occur  more  rarely  on  the  sur&ce. 
They  aUo  occur  on  the  fuDglform  papilLc-, 
in  the  papillae  of  the  soft  palnle  an<i 
uvula  (.4.  Hoffmann'),  on  the  under  sur- 
face of  ihe  epiglottis,  the  ujiper  part  of  the 
posterior  surface  of  the  epiglottis,  and  the 
inner  side  nf  the  arytenoid  cnrtila(>cs 
(  Vtrvm,  Ihivii),  and  on  the  vtxral  cords 
{Simanowiky).  Many  huds  or  bulbs  dis- 
appear in  old  age. 

[In  the  rabbit  and  some  other  animals, 
there  is  a  folded  laminated  organ  on  each 
side  of  the  posterior  part  of  the  torpjue. 
called  the  papilla  foUata  ;  thcfoldhhavL- 
on  each  side  of  them  iiumprous  tasie  Lud* 
(F,g-  607)0 

Structure  of  the  taste  bulbs. — They 
are  81  u  high  and  J3  \i  thick,  barrel- 
slm|>ed,nnd  embedded  In  the  thick  &irnll- 
ficd  squamous  epithelium  of  the  tongue. 
Each  bulb  CDnBi.st.s  of  a  scries  of  lancet- 
shaped,  bent,  nucleated,  outer  support- 
ing or  protective  cells,  arranged  like 
thestavesof  altirrell  Fig.  606,  TI,  IJ.  laso- 
lucd  in  1II,^iK  They  are  so  arranged  as  Vertical  scciiott  of  two  Kpiaof  the  papilla  follata  (rabbit).  X  So- 
to leave  asmall  opening.or  (he  "  guala-  Each  wpium.  /.  ha^  secondary  s*pu    P:  r .  Bute  Uda;    m, 

^ ••    .  ,1:     i-  I     I  ^\      \     11  mediilljicd  nerve ;    <:/,  ftcrotu  rUnd.and  pArt  ol  lU  aucc,  «:  JV, 

tory  pore,    at  the  free  end  of  the  bulb.  mii*cular  film:,  of  ihe  tomue.        '        ^  v*.  , 

Surrounded  by  these  cells,  and  iyin^'  in 

the  axis  of  the  bud.  are  i  to  10  gustatory  cells  (II,  E),  some  of  which  are  provided  with  a  delicate 
process  (III,  ^1  at  their  free  endi,  while  their  lower  fixed  ends  send  out  basal  processes,  which  be- 
come continuous  witli  the  terminations  of  the  nerves  of  taste,  which  have  become  non  meduUaled. 
After  section  of  Ihe  glosso- pharyngeal,  the  taste  buds  degenerate,  while  the  protective  eel's  become 
changed  into  ordinary*  epithelial  cells  within  four  months  (v.  VxntiehgQu  ami  if5Higuhmitd\     Very 
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GUSTATORY   SENSATIONS. 


similnr  structures  were  found  by  Leydig  in  the  skin  of  fresh-water  6shcs.     ThitighnJs  of  the  toogae 
and  llicir  stcrrtory  fibres  frmn  the  9th  cranial  nerve  arc  referred  lo  in  3  M*  (OraitkY 

423.  GUSTATORY  SENSATIONS.— Varieties.— There  are /«/•  dif- 
ferent gustatory  qualities,  the  sensations  of  I.  Swreet ;  a.  Bitter;  3.  Acid;  4. 
Saline.  Acid  and  saline  substances  at  the  ^me  time  also  stimulate  the  sctisory 
nerves  of  the  tongue,  but  when  greatly  diluted,  they  only  excite  tlie  end  orgaos  of 
the  specific  nerves  of  taste.  Perhaps  there  arc  special  nerve  fibres  for  each  differeot 
gustatory  quality  {v.  Vintschgati). 

Conditions. — Sapid  substances,  in  order  that  they  muy  be  tasted,  require  the 
following  conditions :  lliey  must  be  dissolved  in  the  fluid  of  the  mouthy  espe- 
cially substances  thai  are  solid  or  gaseous.  The  intensity  of  the  gustatory  sensa- 
tion de))ends  on:  I.  The  size  0/  the  sur/aee  acted  on.  Sensation  is  favored  by 
rubbing  in  the  subitance  between  the  papiUsc,  in  fact,  this  is  illustrated  in  the  rub- 
bing movements  of  the  tongue  during  mastication  (§  354).  a.  The  conce^raiion 
of  the  sapid  substance  is  of  great  importance.  Valentm  found  that  the  following 
series  of  substances  ceased  to  be  tasted  in  the  order  here  stated,  as  they  were  grada- 
ally  diluted — synip,  sugar,  common  salt,  aloes,  quinine,  sulphuric  acid.  Quinine 
can  be  diluted  20  times  more  than  common  silt  and  still  be  tasted  {Camerer).  3. 
'  The  /////(T  which  elapses  between  the  application  of  the  sapid  substance  and  the  pro- 
duction of  the  sensation  varies  with  different  substances.  Saline  substances  are 
tasti-d  most  rapidly  (after  0.17  second,  according  to  v.  Vinhchgau)^  then  sweet, 
acid  and  bitter  (quinine  after  0.258  second,  v.  Vuitschgau).  This  even  occurs  with 
a  rai.xturc  of  these  sub^^ances  {Schirmer).  The  last-named  substances  i)roducc  the 
most  persistent  '*  after-taste.*'  4,  The  deiicacy  of  the  sense  of  taste  is  partly 
congenital,  but  it  can  be  greatly  improved  by  practice.  If  a  person  continues  to 
taste  the  same  sapid  substance,  or  a  nearly  related  one,  or  even  any  very  intensely 
sapid  substance,  the  gustatory  sense  is  soon  aifected,  and  it  becomes  impossible  to 
give  a  correct  judgment  as  to  the  taste  of  the  sapid  body.  5,  Taste  is  greatly  aided 
by  the  sense  ofsmcU,  and  in  fact  we  often  confound  taste  with  smell ;  thus,  ether, 
chloroform,  musk,  and  assafcecida  only  affect  the  organ  of  smell.  [The  combined 
action  of  taste  and  smell  in  some  cases  gives  rise  to  flavor  (p.  873).]  The  eye 
even  may  aid  the  determination,  as  in  the  experiment  where  in  rapidly  tasting  red 
and  white  wine  one  after  the  other,  when  the  eyes  are  covered,  we  soon  liecome 
unable  to  distinguish  between  the  one  and  the  other.  6.  The  most  advantageous 
temperaiurg  for  taste  is  between  lo**  to  35°  C. ;  hot  and  cold  water  temporarily 
paralyze  taste. 

Ice  placed  on  the  tvcij^ue  Hnjiprcises,  sumetimes  entirely,  the  wliole  gu&taiory  apparatus;  oocaia 
alone,  nitin-  tastes,  and  water  contnintDg  2  per  cent,  of  H,SO|,  excite  afterword  a  sweet  butt 

{AiiUffa  nuei  Afnsso). 

Electrical  Current, — The  constant  current,  when  applied  lo  the  tongue,  excites,  both  during 
il5  paisajjc  and  when  il  is  opened  or  closed,  a  sensation  of  acidity  at  the  -f-  pole,  and  at  the  —  pole 
an  alkaline  taste,  or,  more  correctly,  a  harsh,  burniitg  sensation  \Suher,  1752).  Tlii»  is  not  due  lo 
the  action  of  ili?  clectrolyies  of  the  fluid  in  the  mouth,  for  even  when  the  tongue  is  moi^ened  with 
an  acid  fluid  the  .ilkaline  senwilion  is  experienced  at  llie  —  pole  (  I'otta).  We  cannot,  bowcver,  act 
aude  ilie  buppoailion  th^t  perhaps  e1cctroIytC5,  or  dccompubiliun  products,  may  be  formed  in  the 
deeper  fMirts  and  excite  the  gustatory  lit>res.  Rapidly  interrupted  currents  do  not  excite  lute 
{GriinAtjj^fn).  v.  Vint^chgnu,  who  has  only  iiicmnplete  taste  on  the  tip  of  the  tongue,  find*  thai 
when  the  fifi  of  the  tongue  is  traversed  by  an  electrical  cnrrent,  there  is  never  a  gustatory  sensation, 
but  afu-ays  a  distinct  tactile  one.  In  exixriments  on  MuaieKhmicd,  who  is  possessed  of  oormal 
taste  in  the  tip  of  the  tongue,  there  was  often  a  metallic  or  acid  taste  at  the  -|-  pole  on  tbc  tip  of  the 
torguc,  while  at  the  —  |)olc  loste  was  often  absent,  and  when  it  wa*  present  it  was  almo.L  always 
alkaline,  and  acid  only  exceptionally.  After  inicmipling  the  current  there  was  a  metallic  after- 
taste with  1x)th  directions  of  the  cnrrenL 

[Testing  Taste. — Direct  the  perron  to  put  out  his  tongue  and  close  his  eyes, 
and  after  dr>'ing  the  tongue  apply  the  sapid  substance  by  means  of  a  glass  rod  or 
a  small  brush.  Try  to  confine  the  stimulus  as  much  as  passible  to  one  place,  and 
after  each  experiment  rinse  the  mouth  with  water.     A  wine-taster  chews  an  olive 
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to  "  clean  the  palate,"  as  he  says.  For  testing  bitter  taste  use  a  solution  of  qui- 
nine or  quassia;  for  sweet,  sugar  [or  the  intensely  sweet  substance  "saccharine" 
obtained  from  coal  tar] ;  saline j  common  salt ;  and  acid^  dilute  citric  or  acetic  acid. 
The  galvanic  current  may  also  be  used.] 

Pathological. — Diseases  of  the  tongue,  as  well  as  dryness  of  the  mouth  caused  hy  interference  with 
the  salivary  secretion,  interfere  with  the  sense  of  taste.  Subjective  gustatory  impressions  are 
common  among  the  insane,  and  are  due  to  some  central  cause,  perhaps  to  irritation  of  the  centre  for 
taste  (I  378,  IV,  3).  After  poisoning  with  santonin,  a  biuer  taste  is  experienced,  while  after  the 
subcutaneous  injection  of  morphia,  there  is  a  bitter  and  acid  taste.  The  terms  hypergeusia,  hypo- 
geusia,  and  ageusia  are  applied  to  the  increase,  dimmution,  and  abolition  of  the  sense  of  taste. 
Many  tactile  impressions  on  the  tongue  are  frequently  confounded  with  gustatory  sensations,  r.^..the 
so-called  biting,  cooling,  prickling,  sandy,  mealy,  astringent,  and  harsh  tastes. 

Comparative,— About  1760  taste  bulbs  occur  on  the  circumvallate  papillae  of  the  ox.  The  term 
papilla  foliata  is  applied  to  a  large  folded  gustatory  organ  placed  laterally  on  the  side  of  the  tongue 
(Fig.  607),  especially  of  the  rabbit  [Jiapp,  1832),  which  in  man  is  represented  by  analogous  organs, 
composed  of  longitudinal  folds,  lying  in  the  fimbria  linguae  on  each  side  of  the  posterior  part  of  the 
tongue  i^ICratue,  v.  Wyss).  Taste  bulbs  are  absent  in  reptiles  and  birds.  They  are  numerous  in  the 
gill  slits  of  the  tadpole  {F.  E.  Schultze),  while  the  tongue  of  the  frog  is  covered  with  epithelium 
resembling  gustatory  cells  {Biliroth,  Axel  Kty).  The  goblet-shaped  oi^ans  in  the  skin  of  fishes 
and  tadpoles  have  a  structure  similar  to  the  taste  bulbs,  and  may  perhaps  have  the  same  function. 
There  are  taste  bulbs  in  the  mouth  of  the  carp  and  ray. 

Historical. — Bellini  regarded  the  papillw  as  the  organs  of  taste  (1711).  Richerand,  Mayo,  and 
Fodera  thought  that  the  lingual  was  the  only  nerve  of  taste,  but  Magendie  proved  that,  after  it  was 
divided,  the  posterior  part  of  the  tongue  was  still  endowed  with  taste.  Panizza  (1834)  described  the 
glosso-pharyngeal  as  the  nerve  of  taste,  the  gustatory  as  the  nerve  of  touch,  and  the  hypoglossal  as  the 
motor  nerve  of  the  tongue. 


THE  SENSE  OF  TOUCH. 


424.  TERMINATIONS  OF  SENSORY  NERVES.— 1.  The  touch  corpuKlM  of 
Wajgncr  and  Meissner  lie  in  the  papillic  of  the  cutis  vera  (^  ^^3)t  *"*i  ^i^c  "*os*  namcrwH 
i iT tnc  i^ialm  of  the  luind  and  the  sole  of  the  foot,  esi>cciall)  ui  ihe  fingers  and  toes,  there  being  ahom 
21  to  every  sminrc  inillinielrc  of  hkin,  or  I08  to  400  of  the  papilla;  cootnining  blood  vessels..  Tbey 
are  less  abundant  on  the  back  of  the  hand  and  foot,  mamma,  lips,  aud  tip  of  the  tongue,  rmre  an  the 
glans  clttoridi&,  nnd  occur  -singly  and  .scnllercil  un  the  volar  side  of  the  forennn,  even  in  the  anthro- 
poid apes.  They  arc  oval  or  elliplical  liodics.  40-200  ft  long  [-9^  in.],  and  60^70  ,"  broad  [j-Jj  to 
3 is  in-l.  oii<l  '"'c  covered  externally  by  layers  of  connective  tissue  arranged  trinsvcracly  in  layers,  umI 
within  \s  a  granular  mass  with  elongated  striped  nuclei  (Mgs.  60S,  609,  e).  One  to  three  medullaied 
nerve  5bres  pass  to  the  lovFcr  end  of  each  corpuscle,  and  surround  it  in  a  spiral  manner  two  or  three 
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Vertical  ««cti{>nof  the  «lcin  of  the  palm  oftVie  hand.  ^,  htiad  vat'teX* ;  A, 
p^pilU  of  the  cu|]»  vera;  c,  capliUry ;  d,  ncrv«  (ibra  paiking  to  a. 
touch  corpuiclc:  /,  nervt  llUtc  diviiled  irAUiveraely ;  r.  Wagnef'* 
touch  corpitacte;  /',  ccUa  of  the  MalpigbUn  layer  of  the  skin. 

times;  the  fibres  then  Iok  their  myelin,  and,  after  dividing  into  4  to  6  fibrils,  branch  within  the  cflt- 
puscle.  The  exact  mode  of  terminnlion  of  ihc  fibrils  is  not  known.  Some  otiservers  suppose  that 
the  transverse  fibrillation  is  due  to  the  coils  or  windings  of  the  nerve  fibrils;  while  according  to  otherv. 
the  inner  part  consists  of  numerous  flattened  cells  lying  one  over  the  other,  between  which  the  pale 
terminal  tiltreH  end  either  in  swellings  or  with  disk-like  expansions,  such  as  occur  in  Mcrkcl'i 
corpuscles. 

[These  do  not  contain  a  .soft  core  such  as  exists  in  Pacini's  corpuscles.  The  corpuscles  appear  to 
consist  of  connective  tissue  with  imperfect  septa  passing  into  the  interior  frum  the  t'lbroos  capsule. 
After  the  nerve  ftbrc  enters  it  loses  its  myelin,  and  then  branches,  while  the  branches  aiuutomoK 
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and  rollow  a  spiral  course  witbin  the  corpuscle,  finally  [oterminBte  in  slight  cDlofgcmCQU.  According 
to  Tliin,  ihere  ore  simple  and  compound  corpuscles,  depeDillng  on  the  numlicr  of  nerve  fil^res  enter- 
ing them,'] 

Koliitiuim  describes  three  specid  tactile  areas  in  the  liiud :  (t)  The  tips  of  the  (ingcrs  with  24 
touch  corpuscles  in  a  length  of  10  mm. ;  {2)  the  tlu-ee  eminences  l>nng  on  the  paino  t«hincl  llic  slits 
between  ihc  fingers,  with  5.4-2.7  touch  corpuscles  in  the  same  length;  and  {3)  the  ball  of  the  thumb 
and  liltlc  tiiigcr  with  j.l-J-S  touch  corpuscles.  The  first  two  areas  also  contain  many  of  the  cor- 
puscles of  Vater  or  Pacini,  while  in  the  latter  these  corpuscles  are  fewer  and  scattered.  In  the  other 
pans  of  the  hand  the  nervmis  end  organs  are  much  less  developed. 

2.  Yfils^'B  (1741)  or  Pacini's  corpuscles  arc  oval  bodies  (Fig.  610),  1-2  mm.  long,  lying  in 
the  subcutaneous  tissue  on  the  nerves  of  the  fingers  and  t€xa  (600-1400J,  iu  the  neighborhood  of 
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End  bulb  fraia  human  conjunctiva,  a,  nttctcalcd 
CHptiilc;  j,  core:  c,  fibfc  cnicring  and 
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Fig.  612. 


Vatcr'i  or  Pacini'i  corpiuclc.  d,  Malic : 
i,  nerve  fibre  ciiteriDg  it;  £,  d.  con> 
iKCIfvc-Iuuue  envelope;  ^.  »Ki«cylin- 
fler,  wilh  iu  end  diirideti  aiy. 


Tactile  corpusclM,  dttons  of  rabbit. 


joints  and  muscles,  tlie  syiii[)alhetic  abiloniinal  plexuses,  near  the  aorta  and  coccygeal  gland  on  the 
dorsum  of  the  peni*  and  clitoris,  and  in  the  mesocolon  [and  mesentery]  of  the  cat.  [ Ihey  also 
occur  ill  the  course  uf  the  intercostal  and  periosteal  nerves,  and  Stirling  has  seen  them  in  the  capsule 
of  lymphatic  glands.  They  are  attached  to  the  nerves  of  the  hand  and  feel,  and  are  so  large  as  to 
be  vbible  to  the  naked  eye,  both  in  these  regions  and  between  the  layers  of  the  mesentery  of  the  cat. 
They  are  whili.sh  or  somewhat  transparent,  with  a  white  line  In  the  centre  (cat) ;  in  man  tliey  are  Jj 
to  ^g  inch  long,  and  3*5  to  j'^,  inch  broad,  and  are  attached  hy  a  stalk  or  pedicle  (Fig.  6ro,  n)  lo  the 
nerve.}  They  con<iist  of  numerous  nucleated  connective-tissue  capsules  or  lamellse  lined  by  endo- 
thelium, separated  from  each  other  by  fluid,  and  lying  one  viithin  the  other  like  the  cools  of  nn  onion, 
while  in  the  axis  is  a  central  core.     \  medullated  nerve  fibre  passes  to  each,  where  its  sheath  of 
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Schwann  aniles  with  ibe  capsule,  tt  loses  iu  myelin,  and  p«Me»  into  the  micnor  as  an  axial  cjl 
(Pig.  610  /).  where  it  either  ends  in  a  small  knob  or  may  dinde  dicbotomotuly  (Fig.  6iOw^. 
branch  terminating  iu  a  small  pear.»lia|jed  fnlar^rmrnt.  [Each  )ari;e  oarpt»cle  ts  covered  by  40- JO 
lamellae,  or  tunic\  which  ore  thinner  and  closer  to  each  other  (F'tg.  610,  d\  internally  ihui  to  ^e 
oQter  part,  where  they  arc  thicker  and  wider  apart.  The  tamellx  arc  like  the  lamiruc  in  the  lasi- 
ellaied  sheaih  of  a  nerve,  nnd  arc  composed  of  an  elastic  basis  mixed  with  white  fibres  of  CDnaecdw 
tissue,  while  ihe  inner  surface  of  each  lamella  is  lined  by  a  (int^le  continuoui  Urer  of  endotfadian 
ct»tiouou&  with  that  of  the  perineurium,  tt  is  easily  stained  with  silver  niirale.  The  effercat  nerve 
fibre  is  covered  with  a  thick  sheath  of  lamellated  connective  tissue  ( nheath  of  Hcale  i.  which  becomes 
blended  with  the  outer  lainclKe  of  the  corpuscle.  The  rncdunatnl  nerve  is  sometimes  accompamad 
by  a  blood  vessel,  and  pierces  the  various  tunics,  retainin);  its  myelin  untd  it  reaches  the  cor«,  where 
ti  terminates  as  already  described.] 

3.  Krause'ii  eiid  bulb»  very  probably  occur  as  a  regular  mode  of  nerve  lermiiutian  in  the  ciilii 
and  mucou.-.  membranes  of  all  mammals  (Fig.  611).  They  arc  elongaicd,  o%al  or  round  bodies. 
0.075  ^^'  0'I4  iiitn-  lofigi  And  h.ive  l>een  found  tn  the  deeper  layers  of  the  conjunctiva  balbi,  6oor  of 
the  mouth,  margins  of  the  lips,  nasal  mucous  membrane,  epiglottis,  fungiform  and  circumTalljie 
papiltx,  glans  penis  and  clitoris,  volar  surface  of  the  toes  of  the  guinea  pig,  ear  and  body  of  the 
mouse,  and  in  the  wing  of  lUc  tint.  [In  the  calf,  the  "  cylindrical  end  bulbs  '*  are  oval,  with  a 
nerve  fibre  terminating  within  them.  The  sheaih  of  Hcnlc  bccomt^  continuums  with  ibc  nucleated 
capsule,  while  the  axial  cylinder,  devoiil  of  its  myelin,  is  conilnued  into  the  soft  core.  In  man  Ihe 
end  bulbs  are  "  spheroidal,"  and  conust  of  a  nucleated  connective-tissue  capsule  oontinn'>vi  «iifa 
Healc's  sheaih  of  the  nerve,  and  enclosing  mmy  cells,  among  which  the  axis  cyltiider  which  enters 
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the  bulb  branches  and  Icnninale^.]  'ITie  spheroidal  end  Inilbs  occur  in  man,  in  the  nasal  mucoot 
membrane,  conjunctiva,  mouth,  epiglottis,  and  the  mucous  folds  of  the  rectum.  According  to 
Waldeyer  and  Longworth,  the  nerve  htirils  terminate  in  the  cells  within  the  capsule.  These  cells 
are  said  to  t>e  comparable  to  Merkel's  tactile  cells  (  Waidtyer). 

The  genital  corputdcB  of  Krausc,  which  occur  in  the  skin  and  mucous  membrane  of  the  glans 
pentF,  clitorJ!*,  and  vaginn,  nppejf  to  lie  end  bulbs  more  or  lesa  fused  together  (Fig.  filaV. 

The  articulation  nerve  corpuscles  occur  in  the  synovial  mucous  membrane  of  the  joinu  of  the 
fingers,  They  arc  larger  tlion  the  end  bulbs,  and  have  numerous  oval  nuclei  externally,  while  ooc  to 
four  nerve  filircs  enter  them. 

4.  Tactile  or  touch'corpuscles  of  Merkel,  sometimes  also  called  the  corpuscles  of  Orandry, 
occur  in  the  beak  and  tongue  of  the  ducli  and  goose,  in  the  epidermis  of  man  and  mamnuls,  and  in 
the  outer  root  .sheath  of  tactile  hairs  or  feelers  (Fig.  613).  They  are  small  bodies  composed  of  a 
capsule  enclosing  two,  three,  or  more  large,  granular,  somewhat  Battened  nucleated  and  nuclcolaled 
cells,  piled  one  on  the  other  in  a  vertical  row  like  a  row  of  cheeses.  Each  corpuscle  receives  at  one 
side  a  medullaled  nerve  filire  which  loses  its  myelin,  and  branches,  to  icrminaie,  according  to  some 
observers  iAferket),  in  the  cells  Oiemsclves,  and  according  to  others  {Ranvier,  It^mfrJo,  J/eue)  in 
the  protoplasmic  transparent  sulntance  or  disk  lying  between  the  cells.  [Thu  intercellular  disk  ts 
the  "  disk  tactil  "  of  Kanvier,  or  the  "  Taitplatte  "  of  1  lesse.]  When  there  is  a  great  aggregation 
of  these  cells,  large  structures  are  formed  which  appear  to  form  a  kind  of  transitiou  between  ihcsc 
and  touch  corpuscles.  [According  to  Klein,  the  terminal  fibrils  ervd  neither  in  the  touch  cells  nor 
tactile  disk,  but  in  minute  swellings  in  the  interstitial  substance  between  the  touch  cells,  in  a  manoer 
very  similar  to  that  occurring  in  the  end  bulbs.] 
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[According  to  Merkel,  tactile  cells,  eilTier  isolated  or  in  groups,  Init  in  the  latter  ciise  never  formine 
*n  independent  end  organ,  occur  in  Ihe  deeper  layers  of  the  epidermis  of  man  and  mammal*  and 
al&o  in  the  papilla.'.  The}'  coiistsl  of  niund  or  fla.sk -sliapcd  cells,  with  the  lower  pninicd  neck  of  the 
fla^k  continuous  with  the  axis-cylinder  of  a  nerve  fibre.  They  are  re^'arded  by  Merkel  as  lite  simplest 
forrn  of  a  tactile  end  or|>an,  bul  their  exi;>Uncc  Is  doubted  by  some  observers  J 

Arooof;  animals  there  are  many  other  forms  of  sensor}'  end  oi^ans.  [Herbst's  corpuscles 
occur  in  Ihe  mucous  membrane  of  the  tongue  of  the  duck,  and  resemble  »mall  Vater's  coqju'^clcii,  hut 
their  Umellx  are  thinner  and  nearer  ench  other,  while  the  axis  cyhndcr  within  the  central  core  is 
burdercd  on  each  side  by  a  row  of  nuclei.]  In  the  nose  of  the  mote  there  i>  a  pecuUar  end  orgau 
{SitHfr),  while  there  are  "  ct///  cafisu/cs  "  in  the  penis  of  the  hedgehog  and  the  tongue  of  ihe  elephant, 

»KDd  "  ttfn'f  rings  "  in  the  ears  of  the  mouse. 
5.  [Other  Modes  of  Ending  of  Sensory  Nerves. — Some  sensory  nerves  terminate  not  ty 
means  of  special  end  organs,  but  their  axis  cylinder  splits  up  into  fibrils  to  form  a  nervous  network, 
from  which  hnc  fibrils  aic  given  o(T  to  terminate  in  the  tissue  in  which  the  nerve  ends.  These  fibrils, 
as  in  the  cornea  (J  384),  icrminale  by  mcims  of  free  ends  between  the  epithelium  on  ihc  anterior 
surface  of  the  cornea,  and  some  obserN-ers  state  that  the  free  cntis  are  prnvidcd  uith  small  enlarge- 
ments ("  iflufiiHs  ttrmiMiiW)  (Kig.  614,  a).  These  enlargements  01  "  tactile  cells  "  occur  in  the 
groin  of  ihe  gutnca-pig  and  mole.  A  .Mmilar  mode  of  termination  occurs  between  the  cells  of  the 
epidermis  in  man  and  mammals  [¥\\f.  293).] 

6.  Tendons,  especially  at  their  junction  with  muscles,  have  special  end  oi^ons  {Siichs,  RoUett, 
Ci7^«),  which  aMume  various  forms;  it  may  be  a  network  of  primilive  nerve  fibrils,  or  flattened  end 
flakes  or  plates  in  ihe  siemo-radial  muscle  of  the  fir^g,  or  elongated  oval  end  bulbs,  not  unlike  ihe 
end  bulbs  of  the  conjunctiva,  or  small  simple  Pacintan  corpuscles. 

Prus  found  ganglion  celts  more  frequently  In  the  subcutaneous  tissue  than  in  the  corium,  and  ihey 
appeared  to  have  some  relation  to  the  blood  vessels  and  sweat  glands. 

425.  SENSORY  AND  TACTILE  SENSATIONS.— In  the  strnsory 
nerve  trunks  there  are  two  functionally  different  kinds  of  nerve  fibres:  (i)  Those 
which  administer  to  /ri/V//'«/ impressions,  which  are  sensory  nerves  in  ihe  narrower 
sense  of  the  word ;  and  (a)  those  which  administer  lo  tactile  impressions  and  may 
therefore  be  called  tactile  nerves.  The  sensaiions  of  temperature  and  pressure 
are  also  reckoned  as  belonging  to  the  tactile  group.  It  is  extremely  probiible  that 
the  sensory  and  tactile  nerves  have  different  end  organs  and  fibres,  and  that  they 
have  also  special  perceptive  nerve  centres  in  the  brain,  although  this  is  not  definitely 
proved.     This  view,  however,  is  supported  by  the  following  facts  : — 

I.  That  sensory  and  tactile  impressions  cannot  be  discharged  at  the  same  time 
from  all  the  parts  which  are  endowed  with  sensibility.  Tactile  sensations,  includ- 
ing pressure  and  temperature,  arc  only  discharged  from  the  coverings  of  the  skin, 
the  month,  the  entrance  to  and  floor  of  the  nose,  the  pharynx,  the  lower  end  of  the 
rectum  and  genito-urinary  orifices;  feeble  indistinct  sensations  of  temperature  are 
felt  in  the  oesophagus.  Tactile  sensations  are  absent  from  all  internal  viscera,  as 
has  been  proved  in  man  in  cases  of  gastric,  intestinal,  and  urinary  fistulas.  Pain 
alone  can  be  discharged  from  these  organs.  2.  The  conduction  channels  of  the 
tactile  and  sensory  nerves  tie  in  different  parts  of  the  spinal  cord  (§  364,  i  and  5). 
This  renders  probable  the  assumption  that  their  central  and  peripheral  ends  also 
are  different.  3.  Very  probably  the  reflex  acts  discharged  by  both  kinds  of  nerve 
fibres — the  tactile  and  pathic — are  controlled,  or  even  inhibited,  by  s|>ecial  central 
nerve  organs  (§  361 — ?).  4.  Under  pathological  conditions,  anti  under  the  action 
of  narcotics,  tl:e  one  sensation   may  be  suppressed  while  the  other  is  retained 

(§  364,  5)- 

Sensory  Stimuli. — In  order  to  discharge  a  painful  impression  from  sensory 
nerves,  relatively  strong  stimuli  are  required.  The  stimuli  may  be  mechanical, 
chemical,  electrical,  thermal,  and  somatic,  the  last  being  due  lo  inflammation  or 
anomalies  of  nutrition  and  the  like. 

Peripheral  Reference  of  the  Sensations. — These  nerves  are  excitable 
along  their  entire  course,  and  so  is  their  central  termination,  so  that  pain  may  be 
produced  by  stimulating  them  in  any  part  of  their  course,  but  this  pain,  according 
to  the  '*  law  of  peripheral  perception,"  is  always  referred  to  the  periphery. 

tThe  tactile  nerves  can  only  discharge  a  tactile  impres.sion  or  sensation  of  contact 
en  moderately  strong  mechanical  pressure  is  exerted,  while  thermal  stimuli  are 
: 
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required  to  produce  a  temperature  sensation,  and  in  both  cases,  ihc  rc^lu  art 
obtained  only  when  the  appropriate  stimuli  are  applied  to  the  end  organs.  If 
pressure  or  cold  bt*  applied  to  the  course  of  a  nerve  trunk,  e.g-^  to  the  ulna  at  the 
inner  surface  of  the  elbow  joint,  we  are  conscious  of  painful  sensations,  but  nevtr 
of  those  of  temixiralure,  referable  to  the  /^r/)»Arrtf/ terminations  of  the  nerves  in 
the  inner  lingers.  All  strong  stimuli  disturb  normat  tactile  sensations  by  over- 
stimulation, and  hence  cause  pain. 

The  law  of  the  specific  energy  of  ncr\'es  leads  us  to  assume  that  llw  cutaneous 
nerves  contain  different  kinds  of  nerve  fibres  with  dilTerent  kinds  of  end  organs 
which  subscr\'cdifTercnt  kinds  of  impressions,  f.g.^  pressure,  temperature,  and  juin. 
Blix  and  Goldscheider  have  found  such  difTerences.  Electrical  stimulation  causn 
difTerent  sensations  according  to  the  part  of  the  skin  where  it  is  applied  ;  at  one 
sjwt,  pain  only  is  produced,  at  another  a  sensation  of  cold,  at  a  third  a  sen&ition 
of  heat,  and  at  a  fourth,  a  sensation  of  pressure.  At  every  temi>etature  point  or 
spot,  there  is  insensibility  for  pain  or  pressure.  The  "pressure  points"  or 
pressure  spots  lie  much  closer  together,  and  are  more  numerous  than  the  tempera- 
ture points.  There  are  special  *'  pain  spots  ''  and  even  "  tickling  spots."  These 
spots  are  arranged  in  a  linear  chain,  which  usually  radiates  from  the  hair  follicles. 
The  **  tickling  spots"  coincide  with  the  pressure  and  pain  spots.  The  feeling  of 
tickling  corresponds  to  the  feeblest  stimulation  of  a  nerve  fibre,  and  pain  to  the 
strongest.  The  pain  spots  can  be  isolated  by  means  of  a  needle,  or  electrically, 
especially  in  the  cutaneous  furrows,  in  which  the  pressure  sense  is  absent. 

GoMscheider  rfmoved  from  bU  own  bodf  »iliI1  pieces  qF  skin,  in  which  he  had  prcvK>us1)r  uccr- 
tftined  the  presence  of  th«e  "spois/'and  then  investigated  the  excised  skin  microscopically.  Ai 
cAch  such  s[iot  he  raun>~l  a  rich  supply  of  nerves ;  at  the  prcMurc  spocs,  there  were  no  touch  Corpu>cies> 
[By  menns  of  the  skin,  impressions  arc  supplied  also  to  the  brain,  whefchy  »  c  l>ecome  cnn»no« 
of  the  amount  and  direction  of  a  Unly  moved  in  contact  with  the  skin.  Indeed,  the  diacnminaiirt 
sensibility  is  more  acute  i>n  motion  than  for  louch  ;  but  the  liability  to  error  in  judging  of  the  di^iUDor 
and  direction  is  ^rczi  (/fii/l).'^ 

[Very  complex  bematinns  are  otxatned  by  meons  of  the  combined  action  of  the  skin  and  nniKles 
/.  £.,  those  kmwn  ait  ••  feelings  of  double  contact."    Ibese  sensations  are  of  the  gicatcM  ad> 
vantage  in  accjuiring  the  use  u(  inMrunienl^  aiuI  touls.      If  we  tnucli  .in  olpject  with  a  rodt  wc  tcca  to 
feel  the  object  at  ibe  |>oint  of  the  rod,  and  not  in  the  hand  where  the  etna- 
Flu.  6l  j.  ncDus  nerves  are  actually  Mimulated.     With  a  walking  ttick,  we  feel  the  groond 

at  the  end  of  the  stick.  Touch  the  tips  of  the  hair,  or  a  tooth,  and  ibe  seda- 
tion is  referred  to  the  tips  of  the  luur  in  the  one  case,  and  the  crown  aS  ihc 
tooth  in  the  other](  Zff</./ ) .  ] 

426,  SENSE  OF  LOCALITY.— Wc  are  not  only  able 
to  distinguish  difTerences  of  pressure  or  temperature  by  our  sensor) 
nerves,  but  we  are  able  to  distinguish  the  jiart  which  has  iKeo 
touched.  This  capacity  is  spoken  of  as  the  sense  of  space  or 
locality. 

Methods  of  Testing. — i.  Place  the  two  blunted  points  of  a  pair  of  con- 
passes  (lig  615)  u[>nn  the  pan  of  the  skin  to  Ik  inve»tif;.ated,arKl  dcteruine 
the  smallest  di.siancc  at  which  the  two  points  are  felt  onlv  as  anr  iroprejaioa. 
Sieveking's  zsthesiometer  may  Iw  uwd  instead  (Kir.  616);  one  of  toe  poiais 
is  movn)>le  along  a  gnulualcd  rod,  while  the  other  is  fixed.  2.  The  distance  bt- 
tweeti  the  points  of  the  instrummt  bcini;  kept  the  ^ame,  loach  several  |mrtk  of 
the  skin,  aud  ask  if  the  t>erton  feels  ilicimpreuioii  of  the  points  comin(«  nearer  to 
>Etllw»iometcr.  or  going  wider  apart.  3.  Tuuch  o  part  o(  the  skin  wHh  a  blunt  insirtimenl.  and 
t»bservc  if  the  point  toacbeil  is  correctly  mdicated  by  the  patient.     4.  Scpataic 

the  (joints  of  two  pair*,  of  com[iaMes unequally,  and  pbcc  their  puinLsupondifiercnt  parts  of  the  ska. 

and  ask  the  person  to  Mate  when  the  points  of  both  appear  to  be  etiually  for  apart.     A  distance  ci  4 

lines  on  tlie  forehead  ai>|>cnrs  to  be  equal  to  a  distance  of  2^  lines  on  the  upper  lipi      This  is  Fcch* 

ner's  "  methods  of  equivalenis." 

The  following  results  have  been  obtained.     The  sense  of  locality  of  a  part  of  the 
skin  is  more  acute  under  the  following  conditions:  — 

I.  The  greater  the  number  of  tactiie  nerves  in  the  corresponding  part  of  the  skin. 


MODIFYING   CONDITIONS. 
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a.  The  greater  ths  mobiliiy  of  the  part,  ^o  that  it  increases  in  the  extremities 
toward  the  fingers  and  toes.  The  sense  of  locality  is  always  very  acute  in  parts  of 
the  body  that  are  very  rapidly  moved  ( Virrordty 

3.  The  sensibility  of  the  Umbs  is  finer  in  the  iranrnfrse  axis  thin  in  the  long 
axis  of  the  limb,  to  the  extent  of  ^  on  the  flexor  surface  of  the  upper  limb|  and 
^  on  the  extensor  surface. 

4.  The  mode  of  application  i^i  the  points  of  the  Eesthesiometer :  (tf)  According 
as  they  are  applied  one  after  the  other,  instead  of  simultaneously,  or  as  they  are 
considerably  warmer  or  colder  than  the  skin  {K/ug),  a  person  may  distinguish  a 
less  distance  between  the  points,  {t>)  If  we  begin  with  the  points  wide  apart  and 
approximate  them,  then  we  can  distinguish  a  less  distance  than  when  we  proceed 
from  imperceptible  distances  to  larger  ones,  (c)  U  the  one  point  is  warm  and  the 
other  cold,  on  exceeding  the  next  distance  we  feel  two  impressions,  but  we  cannot 
rightly  judge  of  their  relative  positions  {Czcrmak). 

5.  Exercise  greatly  improves  the  sense  of  locality;  hence  the  extraordinary 
acuteness  of  this  sense  in  the  blind,  and  the  improvement  always  occurs  on  both 
sides  of  the  body  {Vo/kmann). 

[Fr.  Gallon  finds  that  the  reputed  increased  acuteness  of  tlic  olher  senses  in  the  case  of  the  blind 
is  not  so  ^cal  as   is  generally  alleged.      He   tested  a  large  numlier  of  boys  at   an  educational  blind 

Fig.  616. 


.'l*:4tbmom«ier  of  SkveVinjj. 

asylum,  with  the  result  thai  ihe  perfomuinces  of  the  blind  boys  were  by  no  means  superior  to  those 
of  other  boys.  He  poinu  out.  however,  tbat  "  the  guidance  of  the  bhnd  de[>eud-i  mainly  on  the 
multilude  of  collaterjj  indications,  to  which  they  give  much  hecdi.  and  not  In  their  lupcriority  in  any 
of  ihem."] 

6.  Moistening;  the  skin  with  indifferent  fluids  increases  the  acuteness.  If,  how- 
ever, the  skin  between  two  jroints,  which  are  still  felt  as  two  distinct  objects,  l)e 
slightly  tickled,  or  he  traversed  by  an  imperceptible  electrical  current,  the  im- 
pressions become  fused  (Sushwa),  Tlic  sense  of  locality  is  rendered  more  acute 
at  the  cathode  when  a  constant  current  is  used  {Sus/cnva)^  and  when  the  &kin  is 
congested  by  stimulation  {Klinkenberg)^  and  also  by  slight  stretching  of  the  skin 
(Schmey)\  further,  by  baths  of  carbonic  acid  {ik  Basch  and  v.  Diet!),  or  warm 
common  salt,  and  temix)rarily  by  the  use  of  caflein  (Rump/). 

7.  Amemia,  produced  by  elevating  the  limbs,  or  venous hypemmia(^y  compress- 
ing the  veins),  bUmls  the  sense,  and  so  does  too  frequent  testing  of  the  sense  of 
locality,  by  producing  fatigue.  The  sense  is  also  blunted  by  cold  applied  to  the 
skin,  the  influence  of  the  anode,  strong  stretching  of  the  skin,  as  over  the  abdomen 
during  pregnancy,  previous  exertions  of  the  muscles  under  the  part  of  tiie  skin 
tested,  and  some  poisons,  e.  g.,  atropin,  daturin,  morphin,  strychnin,  alcohol, 
potassium  bromide,  cannabin,  and  chloral  hydrate. 
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Smallest  Appreciable  Distance. ^The  following  statement  gives  the  smallest 
distance,  in  millimetrts^  at  which  two  points  of  a  pair  of  compasses  can  still  \< 
distinguished  as  double  by  an  adult.  The  corresponding  numbers  for  a  boy  twelve 
years  of  age  are  given  within  brackets. 


Tip  of  Icngue, 

Third  phalanx  of  finger,  volar  sur- 
face,      2, 

Kcti  part  of  the  Up, 

Second  pbfllanx  of  tinger,  volar 
surface,    4. 

First  phalanx  of  finger,  volar  sar- 
facc, 5 

Tbird  phalanx  of  finger,  dorsal 
surface, . 

Tip  of  nose 

Head  of  metacarpal  bone,  volar,  5. 

Ball  of  thumb 6. 

Ball  of  liitic  tinger, 5. 

Centre  of  palm 8. 

Dorsum  and  fide  of  tongue,  while 
of  the  lips,  metacarpal  pan  of 
ibc  ihumb, 

Third  phalanx  of  the  great  toe, 
plantar  sarlace 

Second  phalanx  of  the  fingers, 
dorsal  surface 

Back, ...  


Mtltinietrcs. 
I.I  [I.I] 

4.5  [3-91 

-4-5  [3-9] 

-5-5 

6.8  [4-5] 
6.8  1 4-5 

.  -6.8  Us: 
It 

-9- 

9.    [6.8] 

t I. 3  [6-8] 

««.3[9-  1 
1 1.3  [9.  ] 


Ullli 

Eyelid 11.3 

Centre  of  hard  palate 13.5 

Lower  third  of  the  forearm,  irolar 

surface, 1 5. 

In  front  of  the  zygoma, %%% 

Plantar  surface  of  the  great  loe,  .    .  15.8 

Inner  surface  of  the  lip^ 20  3 

Itcbind  the  zygoma.  ...,,..  a»-6 

Forehead M^ 

Occiput J7.I 

Back  of  the  hand .  3I-6 

Under  the  chin,     , 338 

Venex, 33J 

Knee l6  1 


36  1  [31 


Sacrum,  gluteal  region 44.6 

Forearm  and  leg,  .    .  ■  45-t 

Neck, 54- 1 

Back,  at   the   fifth  dorsal   vertebra, 

lower  dona]  ard  lumbar  region,  54.1 

Middle  of  the  neck 67.7 

Up)>er  arm,  thigh,  and  centre  of  the 

back 67.7  [3t.t»->iat] 


Illusions  of  the  sense  of  locality  occur  very  frequently;  the  most  marked  are  :  (l)  A  amftfrn 
mcvemenl  over  a  cutaneous  surface  appears  10  be  quicker  in  those  places  which  have  the  finest  setae 
of  locality.  (2)  If  we  merely  touch  the  »kin  with  the  two  points  of  an  ;rsihe»iometcr,  then  they  feel 
as  if  they  were  wider  apart  than  when  the  two  jwinis  are  mavtd  a/oni:  tlie  skin  {/•WAner)  {}]  A 
sphere,  when  touched  with  short  rods,  feels  larger  than  when  long  rod^  are  u»ed  (  Tourtuol).  141 
When  the  Bngen>  of  one  hand  arc  crossed,  a  iniall  pebble  or  sphere  placed  Iwtween  them  (cel«  douUc 
f^riy totle'a  e«perimgnt  \ .  [When  a  pebble  if  rolled  between  the  erossed  index,  and  Kiddlr 
finger  (Fig.  617.  li),  ii  feels  as  if  two  l>aljs  were  pieseni,  but  with  the  fingers  uncroased  nicle] 

(3)  When  pieces  of  ^kin  are  transplanted,  t-f^ 
Fig.  617.  from  the  forehead,  (o  forra  a  tio*c,  ihr  pcnai 

opcrnlrd  on  IccK,  often  for  a  long  tiste,  the 
new  nasnl  part  as  if  it  were  his^  Ibrdbeaid. 

Theoretical. — Numero»i»cxperi«n<»»ot 
n  .Tie  by  E.  H.  Weber.  I-otie,  McJssncr.CiV' 
;ii  ik.  and  others,  lo  explain  the  phrncMDeaft^ 
tlic  scn^e  of  hpace  Weber's  theory  foa 
u)  on  the  auumptinn,  that  one  ami  the  UBt 
nerve  fibre  proceeding  from  the  brmio  to  A* 
skin  can  only  take  up  une  Wind  of  lifwtiiWK, 
and  administer  thereto.  He  called  ihe  paitttf 
the  skin  to  which  each  iing'e  ne*^-e  Itlre  ll 
d'stfitwted  a  "circle  of  aensation."  U"bai 
two  stimuli  act  »<imuli  ■< 

end  organ,  then  a  dn  <  <a 

one  or  more  circlet  o\   stn-i^. iic   i>ciwr<« 

(he  two  points  itimulxted.  This  explanaUoa, 
bated  a|>oa  anatomical  conndeiation».  do<s  aai 
explain  how  it  is  that,  wiib  practice,  the  aidm 
of  sensation  become  smaller,  and  also  bow  it  is  tbai  only  ent  iemation  ccctirs,  when  t«^h  (iptnteM 
the  instruments  are  so  applied  that  bolh  [loints,  although  further  ajjart  tlian  the  diameter  ot  a  uoOf 
of  xenantion,  at  one  lime  lie  uixm  two  adjoining  circles,  at  another  between  two  utbcii  with  ■■«&« 
circle  intercaliicd  lictween  ihem, 

Wundt's  Theory.— In  accordance  with  the  conclusions  of  I^otac,  Wundt  proceed*  tnm  • 
pKycho' physiological  tta-Ms,  that  every  part  of  the  akin  wiih  tactile  sensibility  always  conveys  to  tte 
brain  the  /oean/y  of  tlic  sensation.     Every  cutaneous  area,  therefore,  give*  to  the  tactile  •ensadna 


A, 


Ar)ttMle'«  Expcrimcni. 


B. 
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Fig.  618. 


'•'-■'Ir.y 


Pmsure  Dpou.    a,  middle  of  the  sole  o(  tbc 
foot ;  i,  »kin  of  lygoma :  c,  ikUi  of  ihc  back. 


t€a/  e^tor"  or  qualtljr.  which  U spoken  of  as  the  local  sign.  He  auumes  that  this  local  color 
dimtnithes  from  point  to  point  of  the  skin.  This  gradation  is  very  sudden  in  those  pans  of  the  skia 
where  Ihe  sense  of  space  is  very  acute,  but  occurs  very  gradually  where  the  *ense  of  »pace  is  more 
olitusc.  Separate  impressions  unite  into  a  coinmnn  one,  a-i  soon  as  the  gradation  of  the  local  color 
liccomes  imperceptible.  By  practice  and  aitemion  cliffcrences  of  srnsaiion  arc  eicf>crienccd,  which 
ordinarily  are  not  observed,  so  tliat  lie  explains  ihe  diniinuttun  of  the  circles  of  sensation  by  practice. 
The  circle  of  sensation  is  an  area  of  the  skin,  within  which  the  local  color  of  the  sensation  changca 
so  little  that  two  separate  impreuions  fu&e  into  ant: 

427.  PRESSURE  SENSE.— By  the  sense  of  pressure  we  obtain  a  knowl- 
edge of  the  amount  of  weight  or  prei^sure  which  is  being  exercised  at  the  time  on 
the  different  parts  of  the  skin. 

A  specific  end  apparatus  arranged  in  a  pune- 
tated  manner  is  connected  with  the  pressure  sense 
tFig.  618).  Thtse  points  or  spots  are  called 
"pressure  spots"  or  "  pressure  points" 
(B/ix)f  and  are  endowed  with  varying  d<.'grees  of 
sensibility  ;  at  some  places  (back,  thigh)  they  are 
distinguished  by  a  markedly  pronounced  after- 
sensation.  The  arrangement  of  the  pressure 
spots  follows  the  type  of  the  arrangement  of 
the  temperature  spots.  The  pressure  spots  have  usually  another  direction  than  that 
of  hot  and  cold  spots;  as  a  rule,  they  are  denser.  The  minimal  distance  at  which 
two  pressure  spots,  when  simultaneously  stimulated,  are  felt  as  double,  is — on  the 
back,  4  to  6  mm.;  breast,  0.8;  abdomen,  1.5  to  2;  cheek,  0.4  to  0.6;  upper 
arm,  0.6  to  0.8  ;  forearm,  0.5  ;  back  of  the  hand,  0.3  to  0.6 ;  palm,  o.i  to  0.5  ; 
leg,  o.S  to  2 ;  back  of  foot,  0.8  to  r ;  sole  of  foot,  0.8  to  1  imn. 

Methods. — I.  Place,  on  the  part  of  the  skin  to  be  investigated,  different  weights,  one  after  the 
other,  and  ascertain  what  [>crcc|rtioiik  they  give  rise  to,  and  the  sense  of  the  difference  of  pressure  to 
which  they  give  rise.     We  must  be  careful  to  exclude  differences  nf  temperaiurc  and  prevent  the  dis- 

Elaceraent  of  the  weights — the  weights  must  always  be  placed  on  the  same  spot,  and  the  skin  should 
c  covered  beforehand  with  a  disk,  while  the  muscular  sense  must  !«  eliminated  (J  430).  [Thw  is 
done  hy  6up{>0Tt^ng  the  hand  or  part  of  the  skin  which  is  being  tested,  so  th.it  Ihe  action  of  all  the 
aiQscles  is  excluded.]  a.  A  process  is  attached  to  a  balance  and  made  to  touch  the  skin,  while  by 
placing  weights  in  the  scale  pan  or  removing  them,  wc  test  what  differences  in  weight  the  person 
experiment«!d  on  is  able  10  distinguish  {Dohrn).  3.  In  order  lo  avoid  the  necessity  of  changing  the 
weights,  A.  F.ulenl>iirg  invented  his  barcesthesiometer,  which  is  constructed  on  the  same  principle 
as  a  spiral  spring  paper  clip  or  balance.  Ttiere  is  a  small  button  which  rests  on  the  skin  and  is 
dcprcfAcd  by  the  spring.  An  index  show.4  at  once  the  pres-sure  in  grammes,  and  the  instrument  is  so 
arranged  that  the  pressure  can  be  very  easily  varied.  4.  Ooltz  uses  a  pulsating  elastic  tube,  in 
which  he  can  pro«luce  waves  of  different  height.  lie  tested  how  high  the  Utter  ma-A  be  before  tliey 
are  experienced  as  pulse  waves,  when  the  tube  is  placed  upon  ihe  sicin.  5.  l^indoiR  u.<ics  a  mercu- 
rial balance  (Fi^.  619).  The  beam  of  a  balance  (W)  moves  upon  two  knife  edges  (O,  O),  and  is 
carried  nn  the  horizontal  arm  [<*  1  of  a  heavy  support  {T'|.  One  arm  of  the  beam  a,  providcti  with  a 
screw  {m)  on  which  an  c<|uilibraiing  weight  (S)  can  be  moved.  The  other  arm  (</)  passes  into  a 
vertical  calibrated  Lube  (K).  Hclow  this  is  the  pressure  pad  f  P)  which  can  be  loaded  as  dcaired  by 
a  werghr  (G),  and  which  can  l»e  placed  upon  the  part  of  the  skm  to  l>e  tested  (H).  From  an  adjoin* 
ing  burette  (B)  held  in  a  clamp  (A),  mercury  can  pass  through  a  tube  in  the  direction  of  the  ariowK, 
to  one  part  of  the  balance  and  inlo  the  tube  (R).  On  the  .Mop-cock  (4)  being  closed,  whenever 
pressure  is  exencd  on  the  tube  (D,  D),the  mercury  rises  through  '/  into  R,  and  increases  the  prc^sute 
on  P.  Wc  mca<bure  the  weight  of  the  mercury  correspondit^  to  each  division  of  the  tube  (K).  This 
instrument  enables  rapid  variations  of  the  weight  to  be  made  without  giving  rise  to  any  shock.  In 
estimating  boib  Ihc  pressure  sense  and  lemiHJUturc  *cn!»c,  it  is  best  to  proceed  on  the  principle  of 
"the  least  perceptible  difference,"  j.  c.  the  different  pressures  or  temjjcratures  ore  graduated, 
either  beginning  with  };rent  differences,  or  proceeding  fiom  the  imalUst  differeoce,  and  determining 
the  limit  at  which  the  person  can  distmgiiish  a  difference  in  the  sensation. 

Results. — I .  The  smallest  perceptible  pressure  ^  when  applied  to  different  parts  of 
the  skin,  varies  very  greatly  according  10  the  locality.  The  greatfst  acuteness  of 
sensibility  is  on  the  forehead,  temples  and  the  back  of  the  head  and  forearm, 
which  perceive  a  pressure  of  0.002  grm. ;  the  fingers  first  feel  with  a  weight  of 
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0.005  ^o  0.015  grro. ;  the  chin,  aixlomcn  and  nose  with  0.04  to  0.05  grm. ;  the 
finger  nail  i  grm.  {KammUr  and  Auberi), 

Tlie  greater  the  scuMbility  of  tbe  !il(iii,  tht  more  rapidly  can  stimuli  succeed  each  other,  sod  stAl 
he  peiceivc<l  v&  single  Impressioas ;  52  stimuli  t>CT  second  may  be  applied  to  the  toW  side  of  ihe 
upper  arm,  61  on  the  back  of  the  hand,  70  to  the  tips  of  the  fingers,  and  still  be  felt  ungly  \^Blaik\. 

2.  Inrermitteni  variations  of  pressure,  as  in  Goltz's  tube,  are  felt  more  acutely 
by  the  lips  of  the  fingers  than  with  the  forehead. 

3.  Differences  Ijctwcen  two  weights  are  perceived  by  the  tips  of  the  iingers  when 
the  ratio  is  29  :  30  (in  the  forearm  as  18.2  :  20),  provided  the  weights  are  not  loo 
light  or  too  heavy.  In  passing  from  the  use  of  very  light  to  heavy  weighU,  the 
acuteness  or  fineness  of  the  perception  of  difference  increases  at  once,  but  with 


Fig.  619. 
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Uan<loi%'  Merv'uiuil  Balance  for  Twing  lh«  Pmsurc  Sens*. 


heavier  weights,  the  jwwcr  of  distinguishing  differences  rapidly  diminishes  again 
i^E.  Hen'tts^,  Bie<krmann),  This  observation  is  at  variance  with  the  psycho- physical 
law  of  Fcchner  (§  383). 

4.  A.  Eulenburg  found  the  following  gradations  in  the  fineness  of  the  pressure 
sense :  The  forehead,  lips,  dorsum  of  the  cheeks  and  temples  appreciate  differences 
of  ^  to  ^  (200  :  205  to  300:  310  grm.).  The  dorsal  surface  of  the  last  phalanx 
of  the  fingers,  the  forearm,  hand,  ist  and  2d  phalanx,  the  volar  surface  of  the 
hand,  forearm  and  upper  arm,  distinguish  differences  of  -j^^  to  -^  (200:  220  to 
aio:  210  grm.).  The  anterior  surface  of  the  leg  and  thigh  are  similar  to  the  fore- 
arm. Then  follow  the  dorsum  of  the  foot  and  toes,  the  sole  of  tlie  foot,  and  the 
posterior  surface  of  Che  leg  and  thigh.     Dohrn  determined  the  smallest  ^ditional 
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weight,  which,  when  added  to  i  grm.  already  resting  on  the  skin,  was  appreciated 
as  a  difference,  and  he  found  that  for  the  3d  phalanx  of  (he  finger  it  was  0.4^9 
gmi.  ;  back  of  the  foot,  0.5  grm.  ;  ad  phalanx,  0.771  g""-  ■  'si  phalanx,  0.02 
grm.  ;  leg,  i  grra.  ;  back  of  the  hand,  1.156  grm.  ;  paini,  i.oiS  grm.  ;  patella,  1.5 
grm.  ;  forearm,  1.99  grm.  ;  umbilicus,  3.5  grms.  ;  and  the  back,  3.8  grros. 

5.  Too  long  lime  must  not  elapse  between  the  application  of  l\vo  successive 
weights,  but  100  seconds  may  elapse  when  ihe  difference  between  the  weights  is 
4:5  (/?.  jV.   ir^-fier). 

6.  The  sensation  of  an  after  pressure  is  very  marked,  especially  if  the  weight 
is  considerable  and  has  bt-en  applied  for  a  length  of  time.  But  even  light  weights, 
when  applied,  must  be  separated  by  an  interval  of  at  least  j^^  \o  ^j-j-^  second,  in 
order  to  be  perceived.  When  they  are  applied  at  shorter  intervals  the  sensations 
become  fused.  When  Valentin  pressed  the  tips  of  his  fingers  against  a  wheel 
provided  with  blunt  teeth  he  fell  the  impression  of  a  imooth  margin,  when  the 
teeth  wrtc  applied  to  the  skin  at  the  intervals  above  mentioned ;  when  ihe  wheel 
was  rotated  more  slowly,  each  tooth  gave  rise  to  a  distinct  impression.  Vibrations 
of  strings  are  distinguished  as  such  when  the  number  of  vibrations  is  1506  to  1552 
;>er  second  (r'.  H^t/iih  and  Grunhagfti). 

7.  It  is  remarkable  that  pressure  produced  by  the  uniform  compression  of  a  pat^ 
of  the  body,  e.  £-.,  by  dipping  a  finger  or  arm  in  mercury,  is  not  felt  as  such  ;  the 
sensation  is  felt  only  at  the  limit  of  the  flitidy  on  the  volar  surface  of  the  finger,  at 
the  limit  of  the  surface  of  the  mercury. 

438.  TEMPERATURE  SENSE.— The  temperature  sense  makes  us 
acquainted  with  the  variations  of  the  heat  of  the  skin. 

A  specific  end  apparatus  arranged  in  a  punctated  manner  is  connected  with  the 
temperature  sense. 

These  "  temperature  spots"  are  arranged  in  a  tinear  manner  or  in  chains, 
which  are  usually  slightly  curved  (Figs.  620,  631).  They  generally  radiate  from 
certain  points  of  the  skin,  usually  the  hair  roots.  The  chain  of  the  '*  cold  spots  " 
usually  does  not  coincide  with  those  of  the  "hot  spots,*'   although  the  point 
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A,  eohJ  spotA.  B,  hot  «pote,  from  ihe  volar  wirCice  of 
the  lerminal  phalanx  of  the  lailcx  Angcf  lo  the 
mancin^  uf  ihc  nail. 


C,  coM  flpon,  aiitl  D,  warm  tpou  of  iht  radial 
half  of  Ihc  donal  ■urface  of  Ihe  in-bL  The 
arrow  indicates  the  direction  In  which  the  hair 
pcunif. 


from  which  they  radiate  may  be  the  same.  Frequently,  these  punctated  lines  are 
not  complete,  but  they  may  be  indicated  by  scattered  points,  between  which,  not 
unfrc<]aently  points  or  spots  for  other  qualities  of  sensation  may  be  intercalated. 
Near  the  hairs  there  are  almost  always  temperature  spots.  In  parts  of  the  skin, 
where  the  temperature  sensibility  is  slight^  the  temperature  points  arc  present  only 
near  the  hairs. 

The  sensation  of  cold  occurs  at  once,  while  the  sensation  of  heat  develops 
gradually.     Mechanical  and  electrical  stimulation   also   excite   the  sensation   of 
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temperature.  A  gentle  touch  of  the  temperature  spots  is  not  perceived ;  thc»e 
points  seem  to  be  anesthetic  toward  pressure  and  pain.  As  a  general  rule*  the 
cold  spots  are  more  abundant  over  the  whole  body — there  arc  more  of  ihciti  to  a 
given  area — while  the  hot  spots  may  be  quite  absent.  The  hot  spots  are,  as  a  rule, 
perceived  as  double  at  a  greater  distance  apart  than  the  coid  spots.  The  minimaJ 
distance  on  the  forehead  is  o.S  mm.  for  the  cold  spots,  and  4  to  $  mm-  for  the 
warm  spots  ;  on  the  breast  the  corresponding  numbers  are  a  and  4  to  5  ;  bacVf  1.5 
to  2  and  4  to  6  ;  back  of  hand  z  to  3  and  3  to  4 ;  palm,  0.8  to  a  j  thigh  Aod  leg, 
2  to  3  and  3  to  4  mm. 

Method. — To  Lest  the  hot  and  cold  spots,  use  a  hot  or  cold  metallic  rod ;  at  the  cold  ipoCi,  whm 
they  are  lif^htly  touched,  only  the  scflsalioo  of  cold  will  be  Tell,  cuid  a  corresponding  cnKi  wAb  1 
hot  rod  at  the  hot  spots.     Both  spotn  are  insensible  10  objects  of  the  same  lemperatufe  u  the  ikia. 

According  to  E.  Hcnng,  what  determines  the  sensation  of  temperature  is  the 
temperature  of  the  thermic  end  apparatus  itself,  ;'.  r.,  its  zero  temperature.  As 
often  as  the  temperature  of  a  cutaneous  area  is  a/rot'f  its  zero  temperature.  «e 
feel  it  as  viarm ;  in  the  opposite  case,  fo/^f.  The  one  or  the  other  sensation  ii 
more  marked,  the  more  the  one  or  other  temperature  varies  from  the  zero  urn* 
perature.  The  zero  temi>erature  can  undergo  changes  within  considerable  limits, 
owing  to  external  conditions. 

Methods. — To  the  surface  of  the  skin  ob)ects  of  the  same  site  and  with  the  smmt  thermal  eob- 
ductivity  are  applied  successively  nt  diflerent  teniperaiure^:  1.  Nothoagel  uses  small  wooden  op 
with  a  metallic  bane,  and  filled  with  warm  and  cold  water,  the  icmpenturc  tmng  repiiemi  by  1 
IhcrmoDKla  placed  in  the  cups.  [a.  Qintcall}-,  two  test-tul^es  fiJIcd  with  cold  and  wann  wala,tM 
two  spoons,  the  one  hot  and  the  other  cold,  may  lie  used.] 

Results. — r.  Asa  general  rule,  the  feeling  of  cold  is  produced  when  a  bodjr 
applied  to  the  skin  robs  it  of  heat ;  and,  conversely,  wc  have  a  sensation  of  wannth 
when  heat  is  communicated  to  the  .skin. 

2.  The  greater  the  thermal  conductivity  of  the  substance  touching  the  skin,  the 
more  intense  is  the  feeling  of  heat  or  cold  (§  2r8). 

3.  At  a  temperature  of  i5.5°-35''  C,  we  distinguish  distinctly  differences  of 
temperature  of  o.2°-o.  16°  R.  with  the  tips  of  the  fingers  (£".  //.  IVfher).  Tem- 
peratures just  below  that  of  the  blood  {33^-27^  C. — Nothnagef)  are  distinguished 
most  distinctly  by  the  most  sensitive  parts,  even  to  differences  of  0.05**  C.  {Linder- 
mann).  Differences  of  temperature  are  less  easily  made  out  when  dealing  with 
temperatures  of  33°-39'*  C,  as  well  as  between  14*^-27°  C.  A  temperature  of 
55**  C,  and  also  one  a  few  degrees  above  zero  (3.8**  C),  cause  distinct  pain  in 
addition  to  the  sensation  of  temperature. 

4.  The  sensibility  for  cold  is  generally  greater  than  for  warmth, — that  of  the  left 
hand  is  greater  than  the  right  {Goliischeitier^.  The  different  parts  of  the  skin  alio 
vary  in  the  acutei>ess  of  their  thermal  sense,  and  in  the  following  order:  Tip 
of  the  tongue,  eyelids,  checks,  lips,  neck  and  body.  The  perceptible  miniminn 
Nothnage!  found  to  be  0.4°  on  the  breast ;  0.9°  on  the  back  ;  0.3"*,  back  of  Ibr 
hand;  0.4°,  palm;  0.2,  arm;  0.4",  back  of  the  foot;  0.5°,  ihigh  ;  0.6**, leg; 
o.4*-o,  2",  cheek  ;  o.4*'-o.3'*  C.,  temple.  The  thennal  sense  is  less  acute  id  the 
middle  line,  e.g.,  the  nose,  than  on  each  side  of  it  {£.//.  U'e^er).  Fig-  62J 
shows  that  in  one  and  the  same  portion  of  skin,  the  cold  and  hot  spots  arv 
differently  located,  i.e.,  their  different  topography. 

If  the  mucous  meinlirane  of  the  mouth  be  prncited  with  a  lo  per  cent,  solution  of  oocaio.  tbf 
sencibility  for  heat  t^  abolished ;  the  cooling  sensation  of  menthol  dei>cnd»  upon  its  stinwiaianofthe 
cold  nerres;   COa  applied  to  the  skin  excites  the  heat  ncxvKS  I^CoUitheiJfr). 

5.  Differences  of  temperature  arc  most  easily  perceived  when  thesamc  part  of  the 
skin  is  affected  successively  by  objects  of  different  temperature.  If,  however,  two 
different  temperatures  act  simultaneously  and  side  by  side,  the  impressions  are  apt 
to  Iwcome  fused,  especially  when  the  two  areas  are  very  near  each  other. 
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6.  Practice  improves  the  icmperalure  sense ;  congestion  of  venous  blood  in  the 
skin  diminishes  it ;  diminution  of  the  amount  of  blood  in  the  skin  improves  it  ( M. 
Alsbfr^.  When  lar^^e  areas  of  the  skin  are  touched,  the  perception  of  differ- 
ences is  more  acute  than  with  small  areas.  Rapid  variations  of  the  temperature 
produce  more  intense  sensations  than  gradual  changea  of  temperature.  Fatigue 
occurs  soon. 

Illusions  are  very  common :  l.  The  sensatbns  of  heat  and  coIJ  Mimeiiincs  aliernaic  in  a 
paradoxical  manner.  When  the  skin  is  dippctl  first  into  water  at  lo"  C.  wc  fed  cold,  and  if  it  He 
then  dipped  at  once  into  water  at  l6°  C,  we  have  at  first  a  feeling  of  warmth,  but  soon  again  uf 
cold.  a.  The  same  temperature  applied  to  a  1nrf;e  surface  of  the  skin  is  estimated  to  be  greatrr 
than  when  it  is  applied  to  a  small  area,  eg.,  the  wh(dc  hand  when  placed  in  water  at  29  ^°  L.  feels 
warmer  than  when  a  finger  is  dipped  into  water  at  J2^  C.  3.  Cold  weights  are  judged  to  be  heavier 
than  warm    ones. 

Pathological. — Tactile  sencilHlity  is  only  seldom  increaied  (fayperpselaphesia),  but  great 
sensibiliiy  to  differences  of  temperature  is  manifested  by  areas  of  the  sliin  whose  epidermis  is  partly 
removed  or  altered  by  vesicant!*  or  herpes  /dMcr,  and  the  same  occurs  in  some  cases  of  locomotor 
ataxia  ;  while  the  sense  uf  locality  is  rendered  more  acute  in  the  two  fonuer  cases  and  in  er)-aii)ela<k. 

t'K;.  622. 


Coldand  hot  «poei  from  the  lame  pan  of  the  nnterior  turfacc  of  tlie  forcnnn.  a,  cold  spots;  ^,  hot  «pots.  Th« 
dark  p«rts  arc  the  most  (Ctiiitivc,  i)i«  hfttcheJ  ilie  mc<)iiini,  the  duiienj  the  feebly,  Anil  the  v»unt  tpaco  the  non- 
««nsiiive. 

An  abnormal  condition  of  the  sense  of  locality  was  described  by  Brown-S^quard,  where  three  points 
were  felt  when  only  two  were  applied,  and  two  when  one  was  appHed  to  th<?  skin.  Landois  finds 
that  in  himself  pricking  the  *kin  of  the  sternum  over  the  angle  of  Ludovicus  is  alwa>'s  accompanied 
by  a  sensation  in  the  knee.  [.Some  p«»ons.  when  cold  water  is  applied  to  (he  Mialp,  have  a  sen^ta- 
lion  referable  to  the  skin  of  Ihc  loins  (.Wr//Mf ).]  A  remarkable  variation  of  the  sense  of  locality 
occurs  in  moderate  poisoning  with  morphia,  where  the  person  feels  himself  abi>ormalIy  large  or 
greatly  dimini&hed.  In  degeneration  of  the  posterior  columns  of  the  cord,  f>l>crsTcincr  observed 
thai  the  pal ient  wah  unable  to  say  whether  hi.s  right  or  left  side  was  touched  ( '*  allochiria  "  }. 
Ferrtcr  ob«erv«d  a  case  where  a  stimulu!i  applied  to  the  right  side  was  referred  to  the  left,  and 
xn£e  Vend. 

Diminution  and  paralysis  of  the  tactile  sense  (Hypopselaphesla  and  Apselaphesial 
occur  either  in  conjunction  with  simultaiicrtus  injury  to  the  sensory  nerves,  or  alone.  It  is  rare  to 
find  that  one  of  the  qualities  of  the  uctile  sense  is  lost.^^'.,  eitlier  the  tactile  sense  or  the  sense  of 
temperature — a  condition  which  has  been  zzWzA  ^* partial  taitile  pnralyiis,"''  IJmbs  which  are 
"  sUefiifiif  "  feci  heat  and  not  cold  {//crzen). 

439.  COMMON  SENSATION— PAIN. "By  the  term  common  sensa- 
tion wc  understand  p]ea.sant  or  unpleasant  sensations  in  those  parts  of  our  bodies 
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which  are  endowed  with  sensibility,  and  which  are  not  referable  to  exicmal  ob^is, 
and  whose  characters  arc  difficult  to  describe,  and  cannot  be  compared  with  other 
sensations.  Each  sensation  is,  as  it  were,  a  peculiar  one.  To  this  bclon^j  |jaiD. 
hunger,  thirst,  malaise,  fatignc,  horror,  vertigo,  tickling,  well-being,  iUoeas,  tbc 
respiratory  feeling  of  free  or  impeded  breathing. 

Pain  may  occur  wherever  sensory  nerves  are  distributed,  and  it   is   invariably 
caused  by  a  stronger  stimulus  than  normal  being  applied  tosensorj'  nerves,    Evetj 
kind  of  stimulation,  mechanical,  thermal,  chemical,  electrical,  as  well  as  somatic 
(indammation  or  disturbances  of  nutrition),  may  excite  pain.     The  last  apprarsto 
be  especially  .»clive,  as  many  tissues  l»ecome  exiremely  painful  during  inflamma- 
tion i/^-,  muscles  and  bones),  while  they  are  comparatively  insensible  to  cutting. 
Pain  may  be  produced  by  stimulating  a  sensory  nerve  in  any  part  of  its  course, 
from  its  centre  to  the  periphery,  but  the  sensation    is  invariably   referred  to  the 
peripheral  end  of  the  nerve.     This  is  the  law  of  the  peripheral  reference  of 
sensationa.     Hence,  stimulation  of  a  nerve,  as  in  the  scar  of  an  amputated  limb, 
may  give  rise  to  a  sensation  of  ]>ain  which  is  referred  to  the  parts  already  removed 
Too  violent  stimulation  of  a  sensory  nerve  m  its  course  may  render  it  incapableoi 
conducting  impressions,  so  that  peripheral  impressions  are  no  longer  perceived.     If 
a  sufficient  stmmlus  to  produce  pain  be  then  applied  to  the  central   part  of  ihc 
nerve,  such  an  impression  is  siill  referred  to  the  peripheral  end  of  the  nerve.    This 
we  explain  the  paradoxical  anaesthesia  dolorosa.     In  connection  with  painfol 
impressions,  the  patient  is  often   unable  to   locali;:o   them  exactly.     Tliis  is  nioti 
easily  done  when  a  small  injury  (prick  of  a  needle)  is  made  on  a  i^eripheral  part. 
When,  however,  the  stimulation  occurs  in  the  course  of  the  nerve,  or  in  the  rtntrc. 
or  in  nerves  whose  peripheral  ends  arc  not  accessible,  as  in  the  intestines,  (laio  (m 
belly-ache),  which  cannot  easily  lie  localized,  is  the  rcstilt.  ^J 

Irradiation.— During  violent  pain  there  is  not  unfrequenlly  irradiation  ^f^  ^^^B 
p3in  (§  364,  5),  whereby  localization  is  impossible.     It  is  rare  for  pain  to  remi^M 
-continuous  and  uniform;  more  generally  there  are  exacerbations  and  diminuiioti- 
of  the  intensity,  and  sometimes /^r/tf!//*:  intensification,  as  in  some  neuralgiu. 

The  intensity  of  the  pain  depends  especially  upon  thecxcitability  of  the  sensory 
nerves.  There  are  considerable  individual  variations  in  this  respect,  some  nerrts» 
f-g.,  the  trigeminus  and  splanchnic,  being  very  sensitive.  The  larger  the  number 
of  fibres  affected  the  more  severe  the  pain.  The  duration  is  also  of  importance.  i» 
as  far  as  the  same  stimulation,  when  long  continued,  may  become  unbearable.  We 
s|)eak  of  piercing,  cutting,  boring,  burning,  throbbing,  pressing,  gnawing,  d'T" 
other  kinds  of  iKiin,  but  we  are  quite  unacquainted  with  the  conditions  o(^ 
such  different  sensations  dejA-nd.  Painful  impressions  are  abolished  by  anesthe- 
tics and  narcotics,  such  as  ether,  chloroform,  morphia,  etc.  (§  364,  5  ). 


Methods  of  Testing. — To  lest  the  cutaneous  sensibililv,  we  usually  employ  the 
toduccd  clcclrical  current.  Deter  mine  first  the  iw/«/w«w  jemibility,  f.  e.,  the  strencth  of  tbc  currtM 
which  excites  the  lirst  trace  of  scnKation,  and  al9X>  the  mittirHum  of  bain,  i.  e.,  the  fectilcd  tirt«fi^ 
of  tlie  current  which  (irst  cnuses  di&iinct  tinpressions  of  pain.  The  efearodcs  ooo&ist  of  thm  metKUic 
needle)',  nnd  are  placed  I  tu  2  cm.  a]:ian. 

Pathological. — When  the  excitability  uf  tlie  nerves  which  administer  to  painful   aeWJcil  tt 


increascil,  a  slight  touch  of  the  skin,  luy,  even  a  brc&tli  of  cold  air,  may  excite  the  inosi  vtolctil  pM^ 
constituting  cutaneous  hyperalgia,  especially  in  intkiniUAtury  or  eHAOthemaiic  conditions  of  ilc 
skin.  The  term  cutaneous  paral^ia  is  applied  to  certain  anomalous  dUagreeahle,  or  piinfal 
lenintions  which  arc  fr&iucndy  refeired  to  the  skin — itching,  creeping,  formication,  cold,  and  horatef. 
In  cc re Itro- spinal  meningitiit,  sometimes  a  prick  in  the  sole  of  the  fool  produces  a  double  KUaUoii  t' 
pain  and  a  double  retlex  contraction.  I'erbaps  this  condition  may  be  explained  l^y  uippoaiiic  Aal  ■ 
a  partof  the  nerve  the  condition  is  delayed  \\  337,  a).  In  neuralgia  there  is  severe  p«ia,o«canMf 
in  paroxysms,  with  violent  exacetlxttions  and  pain  shooting  into  other  jhuIb  (p.  64S).  \fTj  frtqf^ 
excessive  pain  \%  pmluced  by  pressure  oo  ibc  nerve  whcic  it  makes  its  exit  from  a  fonttCBOl 
travcTTies  a  fascia. 

Valleix'a  Points  Douloureux  (1S41).— The  skin  itself  to  which  the  sensory  nerve  reo*»  ope- 
cially  at  first,  may  be  very  senKiiive  \  and  when  the  neuralgia  is  of  lung  duration  the  acnsibUsty  aft 
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,.  be  diminished  even  to  the  condiuon  of  inalgesia  ( THrck) ;  in  the  latter  case  there  may  be  i>ronounced 

H^beitia  dolurou  (p.  S90). 

{Hininution  or  paralysis  of  the  scdm  of  pain  (bypalgia  and  analgia)  may  be  due  lo  afleciions 

'  the  eml*  nf  llic  nerves,  or  of  their  course,  or  central  lerininations. 

Metalloscopy. — In  hysterical  palicnts  ftuffrriiiR  from  henitanLt-stliesia,  it  is  found  thai  the  feeling 
of  ihc  paralyzed  siile  is  restored,  when  small  metallic  plates  or  larger  pieces  of  different  metals  arc 
applied  to  the  affcctctl  (xirts  {Bnrc^t  Charcot),  At  the  same  time  that  the  affected  pert  recovers  its 
sensibility  the  opposite  limb  or  side  becomes  anxsthctic.  This  condition  has  been  S]»!ten  of  as 
trantference  of  sensibility.  The  phenomenon  is  not  due  to  galvanic  currents  developed  by  the  metals; 
but  it  may  be,  perhaps,  explained  hy  the  fact  ihat.  under  physiological  conditions,  and  in  a  healUiy 
person,  every  increase  of  the  scnsibihiy  on  one  side  of  the  body,  produced  by  the  application  of  waim 
metallic  plates  or  bandages,  is  followed  by  a  diminution  of  the  sensibility  of  tbe  oppot>ite  ti'te. 
Cons'ersdy,  it  is  found  that  when  one  side  of  the  bo<ly  ts  rendered  Ics^  sentiitivc  by  the  applicatiun 
•of  cold  plates,  the  homologoos  pan  of  the  other  side  liecomes  more  sensitive  (Hump/). 

430.  MUSCULAR  SENSE.— Muscular  Sensibility.— The  sensory 
nerves  of  the  muscles  i,§  292}  alwiiys  cunvey  to  ii-s  iinpressiuns  as  to  the  activity 
or  non-aclivity  of  these  organs,  and  in  the  former  case,  these  iinpressions  enable 
us  lo  judge  of  the  degree  of  contraction.  It  also  informs  us  of  the  amount  of  the 
contraction  to  be  employed  lo  overcome  resistance.  Obviously,  ihe  muscular  sense 
must  be  largely  supported  and  aided  by  the  sense  of  pressure,  and  conversely.  K. 
H.  Weber  showed,  however,  that  the  muscle  sense  is  finer  than  Ihc  pressure  sense, 
as  by  it  we  can  distinguish  weights  in  the  ratio  of  39  :  40,  while  the  pressure  sense 
only  enables  us  to  distinguish  those  in  the  ratio  of  29  :  30.  In  some  cases  there 
has  been  observed  total  cutaneous  insensibility,  while  the  muscular  sense  was  retained 
completely.  A  frog  deprived  of  its  skin  can  spring  without  any  apparent  disturb- 
ance. The  muscular  sense  is  also  greatly  aided  by  the  sensibility  of  the  joints, 
bones,  and  fascize.  Many  muscles,  e.g.,  those  of  respiration,  have  only  slight 
muscular  sensibility,  wliile  it  seems  lu  be  absent  normally  in  the  heart  and  non- 
striped  muscle. 

[The  muscular  sense  stands  midway  between  special  and  common  sensations,  and 
by  it  we  obtain  a  knowledge  of  the  condition  of  our  muscles,  and  to  what  extent 
they  are  contracted  ;  also  the  position  of  the  various  [jarts  of  our  bodies  and  the 
resistance  offered  by  external  objects.  Thus,  sensations  accomi)anying  muscular 
movement  are  twofold — {a)  the  movenieuts  in  the  unopposed  muscles,  as  the  move- 
ments of  the  limbs  in  space;  and  (i^)  those  of  rcsisunce  where  there  is  opposition 
to  the  movement,  as  in  lifting  a  weight.  In  the  latter  case  the  sensations  due  lo 
innervation  are  important,  and  of  course  in  such  cases  we  have  also  to  take  into 
account  the  sensations  obtained  from  mere  pressure  upon  the  skin.  Our  sensations 
derived  from  muscular  movements  depend  on  the  direction  ami  duration  of  the 
movements.  On  the  sensations  thus  conveyed  to  the  sensorium,  we  form  judg- 
ments as  to  the  direction  of  a  point  in  space,  as  well  as  of  the  distance  between  two 
points  in  space.  This  is  very  marked  in  the  case  of  the  ocular  muscles.  It  is  also 
evident  that  the  muscular  sense  is  intimately  related  to,  and  often  combined  with, 
the  exercise  of  the  sensation  of  touch  and  sight  {Sully).'\ 

Methods  of  Testing.— Weight*  are  wrnppe*!  in  a  towel  and  suspended  to  the  part  to  be  tested. 
'Hie  jiatienl  eslimatfs  llie  weight  by  raising  and  lowering  it.  'X\\c  electro- mustu/ar  sen siMiiy  oXm 
may  t>c  proved  thus :  cause  the  muscles  to  contract  liy  nienn<(  of  induction  shocks,  and  obser^'e  the 
sensation  thereby  produced.  [Direct  the  patient  lo  place  his  feet  together  while  standing,  and  then 
close  his  eyes.  A  healthy  person  can  ttand  quite  steady,  but  in  one  with  the  muscular  sense  im]Jaiic<I, 
fts  in  locomotor  ataxia,  the  patient  may  move  to  and  fro,  or  even  fall  (p.  697).  Again,  a  person  with 
his  muscular  s«n!«  impaired  may  not  be  able  to  touch  accurately  and  at  once  some  pan  of  bi-s  body, 
when  his  ej-es  are  cla%ed.] 

A  healthy  person  perceives  a  weight  of  i  gramme  applied  to  his  upper  arm:  when  a  weight  of  15 
grms,  is  B]>|ilied,  be  |>ef  ceivcs  an  addition  of  I  Rrm.  I  f  tbe  original  weight  be  50  grms. ,  he  will  detect 
the  addition  of  2  grros. ;  if  the  original  weii^ht  be  loo  grms.,  he  will  detect  3  grms.  The  weight 
detectable  by  the  individual  finger  varies.  With  the  leg,  when  the  weight  is  applied  at  the  Unce,  the 
individual  may  delect  30  to  40  grms, ;  but  sometimes  only  a  greater  weight.  Often  one  can  detect  a 
difference  of  10  to  zo,  or  jo  lo  70  grms. 
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Section  of  a  sensory  nerve  causes  disturbance  of  the  line  graduation  of  movem«Dl 
(p.  668),  Mcynert  supposes  that  the  cerebral  centre  for  muscular  sensibility  lies 
in  (he  motor  cortical  centres,  the  muscles  being  connected  by  motor  and  sensory 
paths  with  the  ganglionic  cells  In  these  centres, 

Too  severe  muscular  exercise  causes  the  sensation  of  fatigue^  ^ppressiffm^  and 
loeigki  in  the  limbs  (§  304), 

Patholo^cal.— Abnormaf  incrn&c  of  the  muscular  Knse  U  rare  (musrufar  kyj>eraJgia  and  fy/tr- 
ast^*ii'i\  OS  in  ansifiai  ii^iaritttt^  a  painful  condjiion  of  unreal  which  Itfld^  io  a.  cnoiinual  chaaft  m 
the  position  ofibe  Y\m^.  In  cramp  ihc^rc  U  intense  pain,  due  toailmulBtign  uf  the  ximqij  wara  iA 
the  inuscle,  and  the  same  is  the  case  in  inHammation.  Himmuiion  of  the  muscutaj  seniiljilin'  cxtun 
in  some  chcjr£4C  and  atAxic  persons  [\  364*  $)■  IJi  locomotor  alatiu  the  muscalar  Mmse  ol  thr  "uriffT 
cKtremili^  may  be.  nnrmal  or  weakened,  while  it  ii  usvially  considerably  diminished  in  tli«  U^ 
[The  {ruscuIbt  ^nw  u  ^m^  to  be  increased  is  the  hypnotic  cocidiiiDfi,  and  in  fcooiDambulttb^J 
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431,  FORMS  OF  REPRODUCTION.— I.  Abiogenesls  (Generalio  sequivoca,  sive 
spontanea,  spontaneous  generation). —  It  was  formely  aBsumeti  that,  under  certain  circumslances, 
non-living  matter  derived  from  ihe  decompoMtioD  of  orijanic  materials  became  changed  sponta- 
neously into  living  beings.  >\'hile  Aristotle  ascribed  this  mode  of  origin  to  insects,  ihe  recent 
ob»crvcr»  who  odvocalc  this  form  of  generation  restrict  its  action  solely  to  the  lowest  orgnnisms. 
Experimental  evidence  is  distinctly  against  sjxtnlflncous  generation.  If  oi^anizeil  matter  l>c  heated 
to  a  very  hi^h  temperature  in  5eale<l  lubes,  and  he  thus  deprived  of  all  hving  org;inisTiis  or  their 
spores,  there  is  no  generation  of  any  orgdnism.  Hence,  the  dictum,  '*  Omne  vivum  ex  ovo" 
(//an'*;?',  or,  ex  vivo).  Some  highly  organized  invertebrate  animals  (Gordius,  Anguilhila.  Tardi- 
grada.  and  Kotatoria)  may  be  dried,  and  even  healed  10  140°  C,  and  yci  regain  their  vital  activities 
on  being  moistened  (Anabiosis). 

11.  Division  or  fission  occurs  in  many  protozoa  {nmceba,  infusoria).  The  organism,  just  as  is 
the  CASC  with  cells,  divides,  the  nucleus  when  present  taking  an  active  part  in  the  process,  &o  that 
two  nuclei  and  two  rnasscs  of  protoplasm  forming 

two  organUms  arc  produced.     The  Ophidia.ster»  Fic.  624. 

among  the  echinoderms  divide  spontaneously,  and 
they  are  said  to  throw  off  an  arm  which  may 
develop  into  a  complete  animal.  According  to 
Tfcmbley  {1744),  the  hydra  may  Ijc  divided  into 
pieces,  and  each  piece  givc^  use  lu  a  new  individ- 
ual [although  under  oormal  circumstances  the 
hydra  gives  off  Inids,  and  is  provided  with  genera- 
tive organs].  ,  IH^^BS^^^?^'^^^^^  Tlll^ 

[Division  of  Cells. — AlthoBgh  a  cell  is  de-    fftt-'^^^^^^H^  -  tt?^ 

fined  as  a  ''  nucleated  mass  of  living  protoplasm," 
recent  researches  have  shown  that,  from  a   histo- 
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Fig.  .623. 
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FiO.  633.— ChuifM  in  a  cell  niicleiit  during  karyokiiit^i^. 

Fig.  6*4  — IVpi*^"'  nudeaied  cell  of  llie  inicktins)  epiihi-IIiiin  of  »  (ImK  idskuoi.     ihl,  iiiembi-niie  of  cell ;  mm,  m«m- 

branc  of  nucleus :  /f,  cclluliir  [iiuUiiiltum,  with  ihc  raduiing  retuh/um.Jiad  ihc  emi:hylema  encloMd  in  lii 

mcfthes ;  /«r,  plasma  of  nuclcui ;  6m,  nuclear  til.tm«ni  fthowing  numerous  iwist». 

Ic^cal  OS  well  aa  from  a  chemical  point  of  view,  s  cell  is  really  a  very  complex  structure.  'Hie 
apparently  homogeneous  cell  substance  is  traversed  by  a  fme  plexus  of  fibrils,  with  a  humogcne- 
ou»  substance  in  its  meshes,  while  a  similar  network  of  fibrils  exists  within  the  nucleus  itself  (Fig. 

[  Ine  nucleus  of  a  typical  cell  i;  a  spherical  vesicle,  consisting  of  a  membrane  containing  what 
is  called  "  achromatin,"  brcause  it  is  nut  readily  stained  by  staining  icogents.  Flemming  has  also 
called  it  nutlearJitiU,  or  intermediate  aul»Rtancc.  The  achromann  substance  is  permeotetl  l>y  a  deli- 
cate reticular  network,  or  plexus  of  fibriU,  which  has  !>een  called  "  chromatin,"  "  nucleoplasm," 
"  karyoplasma,"  and  **  Icsryomiton."  The  network  .<<tHins  readily  with  pi^m>::nls,  hence  the 
name  "  clitomaiin  "  given  to  ii  !>)•  Fleroming,  The  nodal  [loinls  of  the  t^etwork  give  a  dotted  or 
granular  appearance  to  the  nucleus,  especially  when  it  is  examined  with  s  low  power.     'Ilie  nuclear 
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inembrane  also  consUU  of  chromolin  fFig.  634).  In  the  mesbes  of  die  network  lie  nucleoU,  vhich 
icem  to  differ  in  ains^titution.  and  |M;rhap»  in  funclion.  According  to  tlemining,  iliere  sre  prinupil 
and  acces&oiy  nucleoli  in  some  nuclei.  In  Camay's  nomenclature  the  several  parts  are  fpottCB  u(  at 
a  line  nticulNm  of  fibrils,  enclosing  iu  il:i  uicshcs  a  fluid — the  emhyUma — which  cootaHia  vuioa 
panicles  in  .suApensian.] 

[Direct  Cell  Division.— A  cell  may  divide  directly,  a&  it  were,  by  simple  cleavage,  and  tndie 
process  the  miclcu«  usually  rlividc-s  hef»ie  the  cell  protoplasm.  The  nucleus  becomes  oonMnded 
10  ihe  centre,  has  an  hoir-glnM  nhape,  and  soon  divid«Ec  into  two.] 

[Indirect  Cell  Division. — Recent  abftervatioru,  confirmed  w  a  great  number  of  inyoti^slacv 
conclusively  prove  that  the  process  of  diviMon  in  celU  is  a  very  complicated  one,  ihe  changes  in  the 
nucleus  being  vc-ry  reniarltable.  Tlie  teniis  karyokinesis,  mitOBts,  or  indirect  divimion  haic 
been  applied  to  this  process.  I'igs.  633,  625  show  ihe  changes  that  lake  pLire  in  the  nuclev»,  TlkK 
chromatin  or  intranuclear  network  (a,  B)  passes  into  a  convolution  of  filiriU,  while  the  noclcv 
envelope  becomes  lc5>  tllslinct,  tlic  fibttis  at  Ihe  Mtme  lime  becoming  thicker  and  formitig  loop^ 
which  ^aduatly  arrange  themselves  around  n  centre  (r  and  tt\  in  the  torm  of  a  wreath.  rtMdte,  or 
Bpirem  (C).  'Ilie  librnH  curve  round  1>otli  at  the  ]vnphery  and  the  centre  and  form  loops;  Im 
when  their  pen|:iberal  cnnncctions  are  severed  or  di^*iolvrd,ve  otitain  n  star  •shaped  form  or  aitcr 
(D),  com|X)«cd  of  single  loops  radiating  from  ihc  centre  (r).  The  loops  divide  tn  ibedirectk>a  of 
Ineir  length  ;  their  number  is  doubled,  but  they  an?  thinner.  By  this  further  subdivuioa,  the  wkaJr 
is  composed  of  fine  radiating  (ibnb)  [J\,  which  gradually  arrange  themselves  anwod  two  polo,  n 
new  centres,  to  form  the  barreUform  or  pithode  (K) ;  the  two  gTou[H  of  loopa  then  K^iaraie  MiLi 
further,  and  arrange  themselves  so  as  form  a  diaster,  or  double  star  (^),  the  two  groupa  hciat  i^ 
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MitosU.     A,  nuckar  rcliculura,  rcftting  tUle;  B,  preparing   Tor  i1Wiik>n  ,  C,  wrrarh  fttxfc  ;  D,  no^fttn 
bumlilacc;  K,  iliiuur  fitiiEc:  G,dauK}iiCT  wreath »ag«  ;  H,  4aughur  cclb,  piuiii(  (o  reating 


st^ 


rated  by  a  substance  called  the  equatorial  plate.     Each  of  the  groupa  of  fibrils  becoacs  kmr 

elongated,  and  forms  a  nuclear  spindle,  which  indicates  the  position  of  a  new  nucleus.  The  frni» 
plasm  separates  into  two  parts.  In  each  of  these  parts  the  chromatin  rearranges  it-<elf  into  an  irn^ 
ular  coil,  and  the  whole  i.«  called  dispireni  (G),  and  when  division  is  complete,  the  chrumalia  ttt- 
mcnt£  assume  tbc  form  seen  Iti  a  resting  nucleus.  This  whole  complex  proccu  may  be  aocaapladhad 
in  I  to  4  hours.  The  separate  groups  of  fibrils  again  become  convoluted,  each  group  gets  a  Midev 
membrane,  while  the  cell  proiopltsm  divides,  and  two  daughter  nuclei  are  obcatncrl  fma  iheongi. 
nal  cell.] 

The  following  scheme  represents  some  of  the  more  imporlant  changes : — 

Motktr  nudem.  Danghter  ruieUi. 

1.  Network,  8,  Network. 

2.  Convolution.  7,  Convolulino. 

3.  Wreath  or  Spirem.  6.  Dispifem. 

4.  Aster.  5.  Disaster. 

K>|uatorial  gnmping  of  chromatin. 
1X1.  Budding  or  gemmation  occurs  in  a  well-marked  form  among  Ihe  poly[Ui  and  in  aoaie  iaia 
toriaiL-i  (Vorticella).     A  bud  is  given  olf  by  the  |>arent,  and  gradually  comes  more  and  OHrt  b 
resemble  the  latter.     The  hud  either  remains  permanently  attnched  to  the  jwrmt,  'o  that  a  > 
organism  is  produced,  in  which  the  digestive  organs  communicate  with  each  other  directly,  nr  in  1 
cases  there  may  W  a  "  colony  "  with  n  common  nervous  system,  such  as  ihepolyzoa.     la  aoncff* 
posite  animals  (siphonophora^  the  ditfereni  polyps  perform  diHeteni  fuuctions.     Some  ba««ad^p» 
tire,  others  a  motor,  and   a  third  a  gencralive  funaion,  so  that  there  Is  a  physiological  dftUaiflf 
labor.     Buds  which  are  given  off  from  the  parent  are  foimetl  internally  in  the  ritiropoda.     In  «MK 


animals  (folyiM,  infnsoria)^  which  can  reproduce  thanselves  t>ybudB  or  dirisioii,  lUcrc  is  also  the 
fbrmation  of  mate  and  female  dcmcnu  of  generation,  so  ihu  they  have  a  Miual  and  a  nonsexual 
mo<le  of  reprod action. 

IV.  Conjugation  is  a  form  of  reproduction  which  leads  up  lo  the  sexual  form.  Tt  occurs  in  Ilie 
uniccllulnr  UrcgaiiiLi:.  Tlie  anterior  end  of  one  such  organif^m  ucim  with  the  poMerior  cml  of 
another ;  both  become  encysted,  and  form  utif  piu.sive  spbeitcal  Uxly.  'I'hi;  conjoined  struduica  form 
an  amorphous  mats,  from  whicb  iiuincrous  glohulor  bodies  are  formed,  and  in  each  of  wbich  nomcr- 
ons  obUm{;  Klniclures— the  pftcudo  navicelli — are  developed.  Those  Ixidics  become,  or  give  rise  lo 
an  amteboid  structure,  which  forms  a  nucleus  and  an  envelope,  and  becomes  tran-^fbrmed  into  a 
Eregariao. 

Sexual  reproduction  reqitirc^  the  formation  nf  the  rmHr)-o  from  the  conjunction  of  the  male  and 
female  reproductive  elements  'he  sperm  cell  and  the  germ  cell.  These  |>r  ;diicis  may  be  formed 
either  in  oHf  individual  (liermaphrodttism.  as  in  the  6at  worms  and  gn&terojxMlB),  or  in  /wo  separatr 
organisms  (male  or  female).     Sexual*reproduction embraces  the  following  varieties:- — 

V.  Mctamorphoaia  h  that  form  nf  sexiul  reproduction  in  which  thecnilir>'o  fiom  an  early  period 
Bndergoes  a  series  of  marked  changes  of  external  form,  f.x' ,  ttie  chrysalis  stace,  and  the  pupn  stngc, 
and  in  none  of  thesv  Mngcs  is  rcproducliun  pos'^ihle.  Lastly,  llie  final  sexually  developed  form  (^thc 
imago  stage  in  butterllies)  is  produced,  which    forms  the 

sexual  products  whose  union  gtvea  ri^e  to  organisms  wbich  px;.  617, 

rc[>eat  iht  same  cycle  of  chanitcs.     Metamorphosis  occurs 

extensively  among  the  ins  cla;  some  of  them  have  several 

stages  (holomeialx>lic]i,  and  others  have  few  stages  (bemi- 

metabolic).     It  also  occurs  in  some  nrthropuila,  and  wunnt, 

e.^.,  trichina;  the  sexual  form  of  the  animal  occurs  in  the 

intestine,  the  numerous   />trti,e  wander  into  the  muscles, 

where  they  become  encysted,  and  foim  undeveloped  sexual 

Flc  626. 


A  ripe  cpg  taken  from  ibe  uicnn 
orTKnUioliuni.  it.AIbuni)- 
Bouk  envelupe ;  4,  rentAliu 
of  tile  yelli;  c,  covering  of 
llic  embryo ;  J.  ttahryo  with 
embryonal  hooldei* . 


EncapMiled  cystlccrcuA  frotn  TjKiiia  totiiiin  ctn* 
bedd«d  in  a  human  sAnoriua.     Naiuraliin 


organs,  constituting  the  pupa  stage  of  the  muscular  trichina.  When  the  encyitted  f'>nn  is  eaten  by 
anuthrr  animal,  the  sexual  organs  come  into  activity,  a  new  brood  is  formed,  and  the  cycle  is  repeated. 
Metamorphosis  also  occurs  in  the  frog  and  in  pctromy/on.  [This  is  really  a  condition  in  which  the 
embryo  undergoes  marked  changes  of  form  before  it  becomes  sexually  mature.] 

VI.  Alternation  of  Generation*  (5/?/-«f/'r«/>).— In  this  variety  >.omc  of  the  mcmljcrs  of  the  cycle 
can  produce  t^ew  beings  non-sexunlly.  while  in  ihr  final  stage  reproduction  ia  always  scuual.  Froui 
n  medical  jx>itit  of  view,  the  life  history  of  the  tapeworm  or  Tenia  is  most  important  The  s^- 
mcntsof  the  tapeworm  are  called  proglottidea  (Fig.  631  |,aiKl  each  segment  is  hermaphrodite,  with 
teslci.  va.s  deferens,  penis,  ovary,  etc.  and  numerous  ova.  The  segments  are  evacuated  with  the 
\xcts.  The  eggs  are  fertiliicd  after  they  are  shed  (Hg.  626),  and  from  them  is  developed  .in  elliptical 
embryo,  provided  with  six  booklets,  wliich  is  swallowed  by  another  animal,  the  host.  These  embryos 
bore  their  way  Into  the  tissues  of  the  ho»t,  where  they  undcr({o  development,  forming  the  encysted 
rtage  (Cysiicercus  (Fig  627),  Coenurus,  or  Echinococcns  (  Fig.  630).  The  encysted  capsule  may 
contain  one  (cyslicercus)  or  many  (coenurus)  sessile  heads  of  the  txoia.  In  order  to  undergo  further 
ileveloi-'mcnf .  the  cysticercu*  must  oe  eaten  alive  by  another  animal,  when  the  head  or  scolex  fixes 
itself  by  (he  booklets  and  suckers  to  the  intestine  of  its  new  host  (Fig.  629),  where  il  begins  to  bod, 
and  produce  a  scrica  of  new  segments  between  ibe  head  and  the  last  formed  segment,  and  thus  the 
cycle  is  repeated. 

The  most  important  flat  worms  are:  Tienia  solium,  in  man;  lheCy»licercuscellulnKe(Hg.  62S), 
in  the  pig.  when  it  cnn-titutrs  the  memle  in  p4.>rk  ;  Taenia  mediocanellata  (l-'ii;.  631),  the  cttcy>ted 
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iti^,  in  the  ox  ;  TKnia  coeaunis,  in  the  dog's  iolesline;  the  encysted  ita|ie,  or  Ceaaum  «r»> 
tiralis,  in  the  brain  uf  thr&hcep,  where  it  ffva  rise  to  the  condition  of  "rtaggera"  ;  Taenia  cchi- 
nococcuB,  in  the  dog's  intestine :  the  embryos  or  scoliccs  ocair  in  the  liver  of  nuui  u  "  bydatids." 

'Ilie  medu&'c  also  cxhihit  altoTiatioD  of  geDenuionft,  and  so  do  Mine  insects,  ftpafially  ih<  pUai 
lice  or  Bpbides. 

VII.  Parthenog^enesia  {Che^u,  v.  SieAoUs.—ln  this  variely.  in  addition  U>  fcnal  rrprodmaioD, 
new  individuals  may  be  pnxluccd  without  »cxual  union.     The  non-sexually  produced  fafood  ttjjtravi 


Fig.  63S. 
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CyMiettd  (rem  Tania  ftoUun  rcttovcd  from 

ihcir  Canute.  i,>»uir»l  wxe;  »,  mgigni- 
ficd  d,cnit>tyokac:  j,  cavliy  produced 
by  budding  o(  tbe  embryo  »ac ;  C,  luc- 
lorial  di>k«  itiid  hixiklcu. 


^-^ 


Cysliceicui  o<  Tsnla  aoli- 
uia,  with  iu  head  and 
KgiUcnu  protruded. 
«,  caudal  »ac  :  fi, head 
of  th«  upcwurm,  with 
diftktafidliciaklcu|*co- 
)cx);  c,  neck. 


Put  of  an   tcfciaoea«na 

wUb  devdopiog  bti^  «,ii. 

4,  tMfCBcbyauuouaUyo';  ejf^ 
Minslinc  cafuule  Mad  «i* 
KoUcca. 


of  one  icK,  u  in  the  bce&.  A  bee  hive  contains  a  queen,  the  worken,  and  the  drones  or  tmJcL 
During  the  nuptial  llight,  the  ijueen  is  impregnaied  by  the  males,  and  the  s^niina)  fluid  is  stortd  1^ 
in  the  receptaculutn  seminii  of  the  (|uecn,  and  it  ap|>enrs  itiat  ihe  queen  may  voluniartly  pcmiil  lit 
coniaci  of  this  Huid  with  the  ova  or  withhold  il.  All  fertdued  eggs  i^ive  rise  to  feniau:.  Bad  aB 
unfenilizcd  ones  to  male  beci. 

VIII.  Sexual  reproduction  without  any  inlermediBte  stages  occun  in,  besides  mu»  mnmils 
birds,  reptiles,  aiid  inosil  fi>hcs. 

431.  TESTIS— SEMINAL.  FLUID.— [Teatis.— In  the  testis  or  male  rvproduetiTc offie. 
the  seminal  Huid  which  containK  the  male  clcmrni  or  spermatozoa  is  formed.  The  frameareritof 
Ihe  KluDd  cuiisi»ti>  of  a  thick,  strong,  white,  (ihrous  covering,  the  tunica  albugtnea,  comfnwl 
chietTy  of  whiit,  interlacing,  fibrous  tissue.     Exienially,  this  layer  is  covered   by  the  visceral  )Mjn 

Fic  631. 
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of  the  serous  membrane,  or  ihe  tunica  vaginalis,  which  invrsts  the  testis  and  i^     The 

Innica  albuginea.  is  iirolongcd  f  t  sumtr  di^luiicc  as  a  vcrlitfnl  septum   iiilo   ihe   ]  ■  ^  of  Ite 

(citis,  to  furm  the  mediastinum  testis  or  corpus  Hlghmori.     Sepia  or  iralK<.»->~ — ...w.c  drlia 
complete— stretch  from  the  under  surface  of  the  T.  albuginea  towoni  the   mediasiinuni,  ao  AMife* 
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organ  is  subdivided  iheieby  into  a.  num^jcr  or  compartmemB  or  lobules,  with  tbeir  Iteset  directed 
uutward  and  their  apices  toward  the  medioitinuin.  From  tliese,  finer  KDsleatacuIar  fibres  pass  into 
the  compartmciits  to  sujiport  the  5truclur«  lying  in  tlir*e  compartments.] 

[Arrangement of  Tubules— Kach  compartmcot  contains  several  seminal  tubules,  long  con- 
voluted tubules  (xifl  io.  in  dirnn.  |  which  rarely  liranch  except  at  their  outer  end  ;  they  are  about  2  feet 
in  length  and  exceed  8co  iti  number.  These  tubules  run  toward  tlic  incdiAstinum,  those  in  one 
compartment  uniliof;  at  an  ncuie  angle  with  each  other,  to  form  a  smaller  number  of  narrower 
straight  tulnilcs — tubuH  recti  (Kig.  632).  These  straight  tulwles  open  into  a  network  of  tubules 
in  the  mediastinum  to  forai  the  rete  testis,  a  dense  network  of  tubules  of  trrcgidar  diameter  (Fig. 
632).  From  ihi^  network  there  proceed  12  to  15  wider  ducts,— the  vasa  efferentia— which  after 
emerging  from  the  testis  arc  at  hrsl  straight,  but  soon  liecome  convoluted — and  form  a  series  of 
conical  eminences — the  cont  vascu- 

losi — which  l«>gcther  form  the  head  '^'*-  ^i*- 

of   the    epididymis.     These    tubes  T.  albugitwa. 

gnduilly  unite  wiih  each  other  and 
form  the  body  and  globus  minor  of  the 
epididymis,  which,  when  unriveled, 
is  a  lobe  about  20  feel  long,  terminat- 
ing In  the  vas  deferens  {2  feet  long), 
which  is  the  excretory  duct  of  the 
testis.] 

[Structure  of  «  Tubule.— The 
seminal  tubules  consist  of  a  thick, 
well-  majkcd  basement  membrane, 
.  composed  of  Rattened  nucleated  cells 
arranged  like  mera}>rancs  (Fig.  637), 
These  lubes  are  lined  by  several 
layers  of  more  or  Itss  cubical  celU ; 
there  is  an  outer  row  of  such  cells 
next  the  basement  membrane,  and 
often  sliowing  a  dividing  large 
nucleus.  Internal  to  these  ore  several 
layers  of  inner  large  clear  cells,  with 
nnclei  often  di\Hding,sn  that  they  form 
many  daughter  cells  which  lie  internal 
lu  them  and  next  the  lumen.  From 
these  daughter  cells  are  formed  the 
sperm aiuziia,  and  they  constitute  the 
spermatoblasts.  Thew  several 
laycri  of  cells  leave  a  di-stinct  lumen. 
The  rubuli  recti  are  narrow  in  diame- 
ter, and  lined  by  a  single  layer  of 
scjuamous  or  flattened  ejiithelium 
(fTg-  633).  Tlie  rete  testis  couiisis 
merely  of  channels  in  the  hl^rous 
stroma  without  a  distinct  mtml  r^oa 
propria,  but  lined  by  flattened  epithe- 
lium. The  vasa  e^erentiaand  coni 
vasculosi  have  circular  auiuoth  mus- 
cular fibres  in  iheir  walU,  and  are 
lined  by  a  layer  of  columnar  ciliated 
epithelium  with  striated  protoplasm, 
At  the  baws  of  these  cells  io  some 
parts  is  a  layer  of  smaller  granulor 
cells.  Thc^v  tubules  form  the  epi- 
didymis, whoM;  tubules  ha%'e  the 
same  structure  (Fig,  634).  In  Fihcep. 
pigment  celts  arc  ofici;  found  in  the 
ba^menl  rnembnine.  The  vas  deferens  is  lined  by  several  layers  of  columnar  epilhclium  resting 
on  a  dense  layer  of  fibrou.«  ti&sue — the  mucosa.  Outside  this  is  the  muscular  coat,  a  thick  layer 
of  oon-»triped  muscle  composed  of  a  ihick  inner  ./Ww/dr. and  thick  outer  lon^tuJht.tl  layer, a  thin 
submucous  coat  connecting  the  muscular  and  mucous  co.-its  together;  outside  all  Is  the  fibrous 
adventitia.] 

[The  interstitial  tissue  fFig.  632),  supporting  the  seminal  tubules,  is  laminated  and  covered 

■  by  en-lotlicliftl  plates,  with  slits   or  spaces  between  the  lamell.e,  which  form  the  origin  of  the  !yra- 

■  phattcs.     Tlicse  lymph  spaces  are  easily  injectetl  by  the  puncture  method.      In  fact,  if  Ucrlin  blue 
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be  forced  into  the  teitis,  the  lymphAtics  of  Ibe  testis  uid  spemutic  cord  arc  readilf  filled  iriih  iW 
injectioD.  In  some  animaU  (boar),  and  to  a  Ie«>  extent  io  mao.dog,  there  ue  alio  (a\t\yl»rgt  {loljr- 
hedral  tnteratitiat  cells,  often  with  a  lar^  Iiuclcu5  and  jfometimes  pigmented.  Thcv  re  present 
ihe  residue  of  the  epiihelini  cells  of  the  Wolffian  l)odic»(A7rwi),  nr.according  to  Wmldeycr.  ihcy  are 
plasma  cells.  The  blood  vessels  nre  nutncTDiui.  and  form  a  den«e  plexus  Dulude  the  bAAcocal 
meml>rane  of  the  seminal  ttihuies  ] 

Chemical  Composition. — The  seminal  fluid,  as  discharged  rrom  the 
urethra,  is  mixed  with  the  secretiou  of  the  glands  of  the  vas  deferens,  Cowpcr's 
glands,  and  those  of  the  prostate,  and  with  the  tluid  of  the  vcsicuKie  seminales. 
Its  na^Hon  is  neutral  or  alkaline,  and  it  contains  82  per  cent,  of  w^atcr,  serum 
albumin,  alkali  albuminate,  nticlein,  lecithin,  cholesterin,  fats  (protamin  ?).  phos- 
phorized  fat,  salts  (3  per  cent.),  especially  phosplutes  of  the  alkalies  and  earths. 
together  with  sulphates,  carbonates,  and  chlorides.  The  odorous  body,  whose 
nature  is  unknown,  was  called  '*  spermatin"  by  Vauquelin. 

Seminal  Fluid.— The  sticky,  whitish-yellow  seminal  fluid.  largeljr  composed  of  a  tninture  of  tbe 
M-credoiiit  uf  the  above-named  glands,  when  exposed  to  the  air,  becomes  morv  tluid,  aitd  on  addiiq; 
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water  it  liecomes  cclalinans,  and    from  it  separate  whitish  transparent  Hakes.     When  long  eipo»rdJ 
it  foims  rhomboidol  crystals,  which,  accordinf;  to  Sclirvtner,  consist  «f  phosphalic  salts  with  on  orgune 
1)0^  (C,HjN).     Tiiesc  crystals  (IHg.  635)  are  said  to  be  derived  frum  the  prijiiii'ic  fluid,  siwi  arrl 
identical  with  the  so-called  (.'harcot'^  cryfttals  (Fig.  I49,  r,  and  {  f,^S).     The  prostatic  fluid  \s  ibm. ' 
milky,  amphoteric,  or  of  slightly  acid  reaction,  and  is  possessed  of  the  seminal  odor.     The  phm- 
phoric  acid  necessary  for  the  formotion  of  the  cr>'staU  is  oblainc<l  from  tlic  seminal  fluid.      A  some 
what  similar  odor  occurs  in  the  allmmin  of  egg>   not  'luite    fresh.     The  non-poisonous  ptocniia 
cadaTcrin  (peniamcthyldinmiii  of  Landenhur/r's,  isolated  by  Briet*er  from  dead  bodies,  haf  a  similat 
odor.     The  sr-crction  of  the  vesicuLr  semiimles  of  the  guinca.pij  contain*  much  tibrinogen  (p.  4x4^-^ 

The  spermatozoa  arc  50 .«  long,  and  consist  of  a  flattened  pear-shaped  head 
(Fig.  636,1  and  2, -t),  which  is  followed  by  a  rod-shaped  middle  piece,  m 
{Schweigger-Seidel^^  and  a  long  lail-like  prolongation  or  cilium,/.  The  sperma- 
tozoon i-s  propelled  forward  by  the  to  and-fro  movements  of  the  tail,  at  the  rate  of 
0.05  to  0.5  mm.  per  second  ;  the  movement  is  most  rapid  immediately  after  the, 
fluid  is  shed,  but  it  gradually  becomes  feebler. 
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Finer  Structure. — The  observitions  of  Jcoscn  have  shown  that  the  middle  piece  and  head  are 
feliil  mure  complex,  akiiougb  this  is  not  the  case  in  human  spermatozoa  and  those  of  the  hull  (C 
A'fisiuj).  These  consist  of  n  llitiened.  long,  narrow,  transparent,  protoplasmic  nuLs*.  with  a  fiorc 
composed  of  many  dclicnte  threads  in  Ijoth  mnrgiiis.  At  the  tip  of  the  tail  liolh  Bl>res  unite  into  one. 
The  fiWc  of  the  one  margin  it  generally  straight,  the  other  is  thrown  into  wave-like  folds,  or  « intls 
in  a  spiral  manner  round  the  other  { iV.  A'rtiNse,  Gihhes).  G.  Ketj:ius  describes  a  special  terminal 
filament  (Kig.  636,  i).  An  axial  thread  surrounded  by  nn  envelope  of  protoplasm,  traverses  the 
middle  piece  and  the  tail  {Eimrr,  ;'.  Drtiun).  [I'Cydig  showed  that  in  the  salamander  there  is  a 
delicate  membrane  aliached  to  the  tail,  and  <.ilbl>cs  has  dcscritxd  a  spiral  thread  flttache<l  to  the  bead 
(newt)  and  connected  with  the  middle  piece  by  a  hyaline  membrane.] 

Motion  of  the  Spermatozoa. — [After  the  discharge  of  the  seminal  fluid,  the  spermatozoa 
exhibit  spoiitane<ms  movements  for  many  hours  or  day*.]  The  movements  arc  due  to  the  lash- 
ing movements  of  the  tail,  which  moves  in  a  circle  or  rotates  on  ils'long  axis,  the  impulse  to  move- 
ment proceeding  from  the  proiopla&m  of  the  middle  ptecc  and  the  tail,  which  seem  to  be  capable  of 
moving  when  tliey  are  detached  {Eimer).  These  movements  are  comparable  to  thdsc  that  i>ccur  in 
cilia  \\  292),  and  there  are  trjiisiUon  Tonus  twtween  ciliary  and  amteboid  movements,  as  in  the 
Monera.  Reagents. — Within  the  testis  they  do  not  exhibit  movement,  as  iheHuid  is  not  suRiciently 
ddutc  to  permit  them  to  move.  Their  movements  arc  specially  lively  in  the  normal  secretion  of 
the  female  sexual  organs  {^Bii^ifff),  and  they  move  pretty  frerW,  and  (or  a  long  lime,  in  all  normal 
animal  secretions  except  saliva.  Their  movemetits  are  parnlyzcd  by  water,  alcohol,  ether,  chloro- 
form,  creosote,  gum,  dextrin,  vegetable  mucin,  syrup  of  grape  sugar,  or  very  alkaline  or  acid  uterine 
nr  vaginal  mucus  ( Dotinf),  acids  and  metallic  salts,  and  a  too  high  or  loo  low  temperature.  The 
narcotics,  as  long  as  they  arc  chemically  indifferent,  behave  as  inditlcrent  fiuids,  and  so  do  medium 
solutions  of  urea,  sugar,  albumin,  commin  salt,  glycerin,  amygdalin,  etc.;  but  if  these  be  too  dilute 
or  too  conceolmted,  they  alter  the  amount  of  water 
in  the  spermatozoa  and  paralyze  them.  The  qui- 
escence produced  by  water  may  be  set  aside  by 
dilute  alkalies  {Virchffw),^  with  cilia  (p.  501). 
Engelmanti  nndslhat  minute  traces  'if  acids,  alco- 
hol, and  ether  excite  muvemeiit^.  The  spermato- 
zoa of  the  frog  miy  l>e  frozen  fouriimea  in  succes- 
sion without^  killing  them.  They  bear  a  heat  of 
43.75°  C,  and  they  will  live  for  7o  days  when 
placed  in  the  abdominal  cavity  of  another  fn^ 
\.\f'tniegazza). 

Resistance. — Owing  to  the  large  amounts  of 
earthy  salt*  which  they  contain,  wIkmi  dried  up<.in 
a  raicroMTopical  ^flidc,  ibcy  sItM  retain  their  form 
(  VaUHtin).  'ITieir  form  is  not  de»troye<l  by  tiilric, 
sulphuric,  hydrochloric,  or  boiling  acciic  acid,  or 
liy  caustic  alkalies  ;  solutions  of  NaCI  and  salt- 
petre (10 to  15  per  cent.)  change  them  into  amor- 
phous mosw^t.  Their  organic  l>a»is  resembles  the 
semi-solid  albumin  of  epithelium. 

Seminal  fluid,  beiudes  s[)cnnatoioa,  also  con- 
tains seminal  cells,  a  few  epithelial  cells  from 
the  seminal  passages,  numerous  Icciibiu  granules, 
siraiitied  amyloid  Iwdies  (inconstant),  granular 
yellow  pigment,  cs|jecially  in  old  age,  leucocytes, 
and  sperma  crystals  (/S/^'nxvr). 

Development  of  Spermatozoa. — The  walls  of  the  seminal  tubules,  «,  which 
are  made  up  of  spindle-shaped  cells,  are  lined  by  a  nucleated,  protoplasmic  layer 
(P^'E-  637,  I,  d,  aiid  IV,.//),  from  which  there  project  into  the  Itimcn  of  the  tube 
long  (0.053  "^"^Oi  column-like  prolongations  (I,  <-,  and  JI,  111,  IV),  which  break 
up  at  their  frtrc  end  into  several  round  or  oval  lobules  (II) — the  spermatoblasts 
(v.  Ebnfr)\  these  consist  of  soft,  finely  granular  protoplasm,  and  usually  have  an 
oval  nucleus  in  their  lower  pari.  During  development,  each  lobule  of  the  sper- 
matoblast elongates  into  a  tail  (IV,  r),  while  the  deeper  part  forms  the  head  and 
middle  pieces  of  the  future  spermatozoon  (IV,  k).  At  this  stage  the  siiermatoblasl 
is  like  a  greatly  enlarged,  irregular,  cylindrical,  epithelial  cell.  When  develop- 
ment is  com]>Iete,  the  head  and  middle  piece  are  detached  (HI,  /),  and  ultimately 
the  remaining  part  of  the  spermatoblast  undergoes  fatty  degeneration.  Not  un- 
■   frequently  in  spermatozoa  we  may  observe  a  small  mass  of  protoplasm  adhering  to 


» 


/ 


'^  f 


CrystaU  from  «|>ertnali<:  fluid. 


STRUCTURE   OK  THE   OVARY. 


901 


.:ri>-' 


Section  of  «  Cftc'n  ovary,     Tlie   plR«< 

below.    On  l)ie  left  li  a  corptm  lutcun. 


According  to  Bcnda  and  v.  Ebncr,  the  spermatoblasts  are  formed  hy  the  coalescence  (copola- 
lion)  of  a  group  of  Min'mal  cells  with  the  lower  part  of  the  fool  plale  and  sulk  of  the  spemutto- 
bla^ik.     tiach    seminal    cell    forms   from 

in  nucleus  the   head,  and  frum  its  pro-  |,-,^    g.if 

toplosm  the  tail  of  a  spemalozoon. 
For  the  complete  formation  of  these 
j>ails,  there  must  be  a  conlescence  of 
the  seuiiiial  cells  with  the  spcrmato- 
bloscs. 

Shape. — The  spermatozon  of  most 
animals  are  like  cilia,  with  larger  or 
stnaller  heads.  The  head  is  elliptical 
(mammals),  or  ncar-!^hapcil  ^maminaU), 
or  cylindrical  (birds,  amphibians,  hsh), 
or  corkscrew  Ringing  binls,  patudina), 
or  merely  like  hairs  (insects — rig.  636). 
Immobile  seminal  cells,  quite  dilTerent 
from  the  ordinary  form^,  occur  iu  luyria- 
poda  and  the  oyster. 

433.  THE  OVARY  —  OVUM  — 
UTERUS  —[Structure  of  the  Ovary. 

— The    (tvary    consists    of  a    connective- 
tissue   framework,   with    blood  vessels, 
nerves,  lymphalic>    and   numerous    non- 
striped  muMTutar  fibres.     The  ova  are  embedded  in  this  matrix  (Hg.  638)      The  surfjce  of  the 
ovary  is  covered  with  a  layer  of  columnar  epithelium  (Fig.  639.  e),  the  remains  of  the  geim 
epithelium,     llie    mo^t   ^upcr. 

licial    layer   is  called   ihe    albu-  Ftc.  639. 

ginea ;  it  does  not   contain  any 
ova.     Hclow   it   ts   Ihe   cortical 
layer  of  Schrun,  which  contains 
the    smallest     Graalian      follicle*. 
ijii^     inch— Kig.     638).     while 
deeper  down  are  the  larger  folli- 
cles (j'u  to  yjj  inch).     There  are 
40,000  to  70,000  follicles  in  the      e^^^^— 
ovary  of  a  female  infant.     Each     J^H&y^j 
ovum    lies   within    its  follicle  or     '^^^^^■'  ^  ■'' 
Graafian  vesicle.] 

Structure   of   an  Ovum.  — 

The  htiman  ovum  (  C'  £.  V.  Bfftr^ 
1S27)  is  0.18  to  0.2  mm.  [yl^  in.] 
in  diameter,  and  is  a  spnehcal 
cellular  l^ody  with  a  thick,  solid, 
elastic  envelope,  the  aooa  pel- 
lucida,  with  i^ialing  'itri.-v  |.Kig. 
640).  The  zona  pellucida  en- 
closes the  cell  contents  repre- 
sented by  the  I'toToplaimic,  gran- 
ular, contractile  vitellus  ur  yelk, 
which  in  turn  contains  the  ecccn- 

trii>9llv    Ti1n(«M)     eiilioMfnl     niifUiic    S^tlMIl    of  OH    OV»nr.      f,  genii    Lpillitliu'U  .     1,  Ur^i;    M/-J    fullicte*  ,     3.    », 

tncally  placed    ^plieiical    nucleus  n,iddle««d.aiid  3,  3%BlleriiKdfoIl.clci  ;  ^Vu^  w't^l"  »Or«fiAn 

or    l^ermmal   vesicle  (40-50   >/  f„lUcl«;  v.  t/,  Mood  v«icl*   of  the  ilrummf,  cell*  of  ihe  membraii* 

— FuritHj'f.  1825;    Cosie,  1S34).  granulosa. 

The    germinal    vesicle    contains 

the  nucleolus  or  germinal  spot  (5-7  /' — J(.  IV'agner,  1B35).    The  ektmUal  ccmpoiition  \%  gtvoi 

in  \  232. 

[Ovum.  Cell 

Zona  pellucida  corresponds  to  the  Cell  wall. 

Vitellus  "  "       Cell  contents. 

Germinal  vesicle     "  **       Nucleus. 

(ierminal  spo(  "  "        Nucleolus.] 

[This  arrangement  shows  the  corresponding  parts  in  a  cell  and  the  ovum,  and  in  fact  the  ovum 
represents  a  typical  cell.] 

The  zona  pellucida  (Pi;^.  640,  641,  V,  Z),  to  which  cells  the  Graafian  follicles  arc  often 
adherent,  is  u  cuticuUir  membrane  formed  secondarily  by  the  follicle  \Pflikgtr).     According  10  Van 
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Bene<len,  U  »  lined  by  a  thin  membrane  nexl  the  melius,  nnd  he  regards  ihe  tliin  memlaaLoe  as  the 
original  celt  mtmbnitie  of  the  ovum.     The  fine  radialing  strix  in  the  zona  are  itaitl  lu  be  ditr  to  the 

Ckibtcncc     \ii     numeroia    canals 
p-jQ    ^.Q  {A'oHiker^v.  SrA/ftt).      It  is  viiU 

C.lI.ofdi»cu.pToII«tni..  undec.Jtd    wh«her     <>»err    is    a 

special  muropyie  or  not*  tor  lac 
C«-  ,,--'*  entmncc  of  the  spermaiozoi. 

A    micropyle    hx&    l>cr»   oIk 
scn-cd  in  ^otne  ova.  (bolothuriank, 
niaoy  lishtt,   mus»eU).     The  ora 
Veik.       of  some    animals    (many  insocU, 
Acces-  ,  J 'nminiHin'    ~L"  '■■  ■^•'  ''•^  "^"^  '*''^*  porotia  caoils 

kory  nu'  /  V  -  "^^J^SBBBSmL^  >"   .some   pan    of  their  (ona,  ant! 

^'/  /  ^i^^S^B^^si  '^'**  **"**  '^**'^  for  the  toiirance 

■'*  ^'  -' '    '^<^'^^B^^^      'ra  of   the   iqwnnatozofl  and    for  Ihr 

respirator)'  exchanges  in  tfaeonua. 

"f  Vd  The   development   of 

terminal  vesUU     U—  ^Z-      ^^^  ova  lakes  place  in  ihe 

following  manner :  The 
surface  of  the  ovary  is  cov- 
ered with  a  layer  of  cylin- 
drical epilhelium — the  so- 
called  *'  germ  epithe- 
lium " — and  between  thftc 
cells  lie  somewhat  spherical 
Ripe  ovum  of  rabbtt.  "  primordial  ova  "  (Fig. 

641,  I,  a,  a).  The  epithe- 
lium covering  the  surface  dips  into  the  ovary  at  various  places  10  form  "  ovarian 
tubes"  (Fig.  683).  These  tubes,  from  and  in  which  the  ova  are  developed 
C  iValdeyer),  become  deeper  and  deeper,  and  they  contain,  in  their  interior,  large, 
single  spherical  cells  with  a  nucleus  and  a  nucleolus,  and  other  smaller  and  more 
numerous  cells  lining  the  tube.  The  large  cells  are  the  cells  I  primordial  ovai 
that  are  to  develop  into  ova,  while  the  smaller  cells  are  the  epithelium  of  the  tube, 
and  are  direct  continuations  of  the  cylindrical  epithelium  on  the  surface  of  the 
ovary.  The  upper  extremities  of  the  tubes  become  closed,  while  the  lube  itself 
is  divided  into  a  number  of  rounded  compartments — snared  off,  as  it  were,  by  the 
ingrowth  of  the  ovarian  stroma  (I,  c).  Each  compartment  so  snared  off  tisuilly 
contains  one,  or  at  most  two,  ova  (IV,  <?,  (j),  and  becomes  developed  into  a 
Graafian  follicle.  The  embryonic  follicle  enlarges,  and  fluid  ap[K*ars  within  it; 
while  its  lateral  small  cells  become  changed  into  the  epithelium  lining  the  Graafian 
follicle  itself,  or  those  of  the  membrana  granulosa.  The  cells  of  the  membnna 
granulosa  form  an  elevation  at  one  jwrt — the  discus  proligerus — by  which  the 
ovum  is  attached  to  the  menibrana  granulosa.  The  follicles  are  at  first  only  0.03 
mm.  in  diameter,  but  they  become  larger,  especially  at  puberty.  [The  smaller 
ova  are  near  the  surface  of  the  ovar>',  the  larger  ones  deeper  in  us  substance 
(Fig.  639).]  When  a  Graafian  follicle  with  its  ovum  is  about  to  ripen  (tVi, 
it  sinks  or  passes  downward  into  the  substance  of  the  ovary,  and  enlarges  at  the 
same  time  by  the  accumulation  of  fluid — the  liquor  follicuU — between  the  tunica 
and  membrana  granulosa.  It  is  covered  by  a  vascular  outer  membrane — the 
theca  folUculi — which  is  lined  by  the  epithelium  constituting  the  tncmbrana 
granulosa  (IV, ^),  When  a  Graafian  follicle  is  about  to  burst,  it  again  risc^ 
to  the  surface  of  the  Ovary,  and  attains  a  diameter  of  1.0  to  1.5  uim.,  and  is  now 
ready  to  burst  and  discharge  its  ovum.  [The  tissue  between  the  enlarged  (>raafiaii 
follicle  and  the  surface  of  the  ovary  gradually  becomes  thinner  and  thinner  and 
less  vascular,  and  at  last  gives  way,  when  the  ovum  is  discliarged  and  caught  by 
the  fimbriated  extremity  of  the  Fallopian  tube  embracing  the  ovary,  so  that  the 
ovum  is  shed  into  the  Fallopian  tube  itself.]     Only  a  smalt  number  of  the  Graafian 
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follicles  undergo  development  normally,  by  far  the  greatest  number  atrophy  and 
never  ripen.  (The  study  of  the  development  of  the  ova  and  the  ovary  was  ad- 
vanced particularly  by  Martin  Harry,  Pfliiger,  Billroth,  Schron,  His,  Waldcyer, 
KoUiker,  Koster,  Lindgren.  Schulin,  FouHs,  Balfour  and  others.) 

Acconlint;  to  Wildcyer,  ihe  msmnuiliau  ovum  is  not  a  simple  cell,  but  &  coiupouiid  suuctiirc.  The 
originni  primilivc  ovum  is,  according  lo  him,  formed  only  <:f  tlic  gertiiinal  ve^itlf  and  t;enninal  spot, 
with  ibe  summoding  membranous  clear  port  of  Ihe  viiellus^Kig.  641,111).  'Pie  rtinoinder  of  the 
vilellus  i-*  developed  by  tlic  imnsf^rmiioii  of  (jrnnulosa  cells,  which  ttlso  form  the  /onn  jicHucida. 

Holoblastic  and  Merobtastic  Ova. — The  ovn  of  frogs  and  cyclosiomau  have  the  same  lyjic  as 
mamntaliun  ovn ;  they  arc  called  holoblastic  ova,  because  all  tbcir  contents  go  to  form  cells  which 
lake  part  in  Ihe  formation  of  the  embryo.  In  contrast  with  these,  the  bird.s  the  mono;remes  alone 
among  the  mammals  [^Caiiiweii)^  the  reptiles  and  the  other  fishes  have  meroblastic  ova  (^^/ifichtrt). 
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,  An  nvarian  lube  Ir  proceit^  of  developiniMil  (n^wKoin  tt'l*'''-  '*•  **>  y*>u'il!  *^''^  bclween  ihe  e|ilthclt>l  cells  uii  the 
MiriHce  of  Ihe  ovary  ;  h,  the  ovannn  tube  with  ova  Bind  cplthcliAl  ccllt .  c.  a  smnll  follicle  cut  off  umt  encIosinK  an 
ovum,  II,  Open  ovarian  lube  fniin  a  Viilch.  IK,  I(oUtci.l  pTimoidial  ovtim  (hiirriAnl.  IV.  Uiilcr  fallicle  with 
two  ova  (tf, «)  and  Ihe  lunic^i  grsnulnM  [/)  of  a  bitch.  V,  Part  of  ihe  lurfice  of  «  ripe  ovum  of  h  rabbit— », 
rona  pelliinida  :  i/,viicllii*:  /,  ailhrreni  cc(K  of  the  membmns  gmniiloita.  VI,  Fir»t  pnUir  globiile  formed.  Vll, 
Formaliott  of  the  second  |M>iar  globule  (AW), 

The  latter,  In  addition  to  the  white  or  formative  yelk,  which  corresponds  lo  the  yelk  of  the  holo- 
bla.<itic  ei^gh,  and  fjive^rise  to  the  embryonic  cells,  coniaias  ihe  food-yelk  (yellow  in  btnU],  which 
durinmk-%-eIo[)ment  is  a  reserve  store  of  food  for  ihe  developing  emliryo. 

Hen's  Egg. — Tlie  small,  white,  round,  finely  granular  speck,  the  cicatricula.  blasioderm,  or 
tread,  which  is  2,5-3.5  "Wf"-  hroad  and  0.2S-0.37  ihiclt,  lying  upon  the  surface  of  the  yellow  yelk, 
corresponds  to  the  contents  of  ihe  mammalian  ovum,  nnd  is,  therefore,  the  formative  yelk.  In  the 
cicattictila  lie  the  germinol  vesicle  and  spot  (Fig.  642).  Kroto  the  tread  in  which  he  the  charac- 
teristic white  yelk  elements,  proctyise*  [lass  into  the  yellow  yelk.  A  jart  pav.es  a.<;  nn  exceedingly 
thin  layer  round  the  yelk,  or  conical  protoplasm,  [llie  cicatricula  in  an  unincuhated  q;g  is  always 
uppermost  whatever  the  position  of  the  egg,  provided  the  contents  can  rotate  freely,  and  tins  is  due 
to  the  lighter  specific  gravity  of  llint  pari  of  the  yelk  in  connection  with  the  cicalricnla.  In  a  fecun 
dated  egg  the  cicalricula  has  a  white  margin  (the  area  opaca),  surrounding  a  clear  iran^i>arent 
area,  the  beginning  of  the  area  pellucida,  containing  an  opaque  spot  in  its  centre.  If  an  egg  tic 
boiled  very  bard  and  a  section  made  of  the  yelk,  it  will  be  fouild  to  consist  of  alteniating  layers  of 
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white  and  fellow  yelk.  The  ouiermcat  layer  it  «  thin  Ujer  of  while  jdk.  which  ii  <ti|U]''  tfckfca 
ai  the  margin  of  ihe  dcatricula.  \Mthin  the  centre  of  the  tcHc  is  a  flaA  ihaped  asja  sf  whkt 
yetV,  the  neck  of  the  Hasic  being  connected  with  the  while  ydk  outside.  This  lash  akaped  aaai 
does  not  become  so  hard  oa  being  boUcd.  an  d  it^  upper  expanded  end  is  kooww  aa  the  **  naclsBS  af 
Pander."  Tlie  great  man  of  the  yelk  is  made  op.  however,  of  yellow  yetk.]  UUBMmtopieaBf, 
the  3rellow  yelk  consifts  of  soft  yellow  spheres,  of  from  23-100  ti  in  diameter,  amd  thej  or  vtnm 
polyhedral  from  mutuoJ  pmture  (K^.  643,  i^).  [They  are  very  delicate  aad  vm-wmdtaud,  "dm 
nlled  with  fioc  granule^,  which  arc,  {lerh-ips,  proicid  in  Ibeir  oaiarc,  a«  ibey  an  EwolaMc  ia  cdbs 
and  alcohol.  They  are  developed  by  the  prolifentioQ  of  the  granulosa  celb  rf  ibeGraa^va  fefttfc, 
which  also  seem  ultimately  to  form  the  granolo-tibrous  doable  eovdope  or  the  riteUine  mcnbfaiic 
i^Eimfr).  Ttie  whole  yelk  of  the  hen's  egg  is  regarded  by  some  obiefi  a.*  aa  ec|BXTalewt  ID  Ite 
mammalian  ovum  pfns  the  corpus  lutcum.  Microscopiaally,  the  white  yelk  coossu  of  fall  vofeSes 
(5-75  ft)  contaiaittg  a  lefraciivc  tubsuuce  and  larger  spheres  coniatning  sereral  s^aaller  ^iberaki 
(Fig.  643,  a).  The  whole  yelk,  is  enveloped  by  the  vitelline  membrane,  wfaric^  ia  txwaa^mrKtt- 
but  posse&ses  a  line  fibrous  structure,  and  It  seems  to  be  allied  tu  cU<tic  tissucj 

Vi^en  the  yelk  is  fully  developed  within  the  Graafiin  follicles  of  the  ben'>  ovmsB,  Ae  MKcfa 
buTtts  and  di»cfaarges  the  yelk,  which  passes  into  the  ovidua,  where  in  in  passage  k  ralflSca,  o««i( 
to  the  direction  of  the  folds  of  the  mucous  mcmUaoe  of  the  oviducu  The  Quinciaii  gjaada  of  the 
oviduct  secrete  the  albumin,  or  white  of  the  egg,  which  is  deposiied  in  layers  arowid  tfae  ydk  ia 
ita  pBsaage  alui^  the  duct,  and  foiras  at  the  anterior  and  posterior  chalaaae.  [The  chalarae  arc 
two  twitted  Ciords  composed  of  twitled  layers  of  the  outer  denser  pan  of  the  atbomin.      Thc^  r-xl^»iA 
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from  the  poles  of  the  yelk  not  quite  tn  the  outer  port  of  the  aXbumin.]  [The  attxmun  ia  iiiimfl 
by  the  membrana  teatacea,  or  shell  membrane,  which  is  composed  of  two  layers  aa  oaler 
thicker  and  an  inner  thinner  one  (Fic-  ^44}-  '  ^^er  the  greater  part  of  the  albumia  these  twro  taycci 
are  united,  but  at  the  broad  end  of  the  hen's  egg  they  tend  to  separate,  am)  air  passing  throa^h  Che 
porou'*  shell  sepaiatei  them  more  and  more  as  the  lluLd  of  the  egg  erapocalcs.  This  air  space  b  not 
fi3Uod  in  (resh-laid  eggs.j  The  layers  consist  of  sponuneously  coagulated  keratin-Tike  £brEs 
arrai^ed  in  a  spiral  manner  around  the  albumin  {LimJva//  unJ  Hamantem\.  [External  to  lba»  il 
the  teat,  or  shell,  which  Ct^nsists  of  an  organic  matrix  impregnated  with  lime  salts.]  Tbe  dicfl 
consists  of  altaimiti  impregnated  with  lime  salts,  which  form  a  very  porous  mortar.  [Tbr  shcA  is 
porous,  and  its  inner  lajer  is  perforated  by  vertical  canaU,  ihmugh  which  the  re^Mratory  nchiBjpr 
of  the  gases  can  take  place.]  In  the  ej^gs  of  some  birds  there  is  an  outer,  ttroctureleat,  peraois 
slimy,  ur  fatly  cuticuU.  The  tttell  rs  secreted  in  the  lower  part  of  the  ovirfncS.  The  dteU  is  pafily 
used'  up  for  the  devekipment  of  the  bones  of  the  chick  ( Promt.  GrrnvM,  altboagh  this  is  ilgmlwl  hf 
Fatt  ant/  Pnjrer).  The  pigment  which  often  occurs  in  many  layers  of  the  siJface  of  the  «gp«f 
some  birds  appears  to  be  a  denvalive  of  ha.-moglobin  and  biHrcrdin. 

Chemical  Composition. — The  yellow  yelk  is  alkaline,  and  colored  yellow  oariag  to  the  fac* 
ence  of  lutein,  which  coatains  iron.  It  contains  several  proteids  [itKloding  a  globulia  body  called 
vitelltn  fp.  424']**  ^*°^y  resembling  nuclcin.  ledtbio.  ritellin,  glycenn-pbo^horic  acid,  rholit 
terin.  olein,  palmitin.  deKtrose.  potassic  chloride,  iron,  earthy  phosphates,  ftooric  and  sflicic  sriih 
llie  preseitce  of  cerebrin,  glycogen,  and  starch  is  uncertain.     [r>arc9te  states  that  starch  is  pnscaL| 
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The  mucous  mfmbrane  of  the  body  of  the  uteim  tn  the  unimpngnaled  covdhioa  hu  ao  toii* 

while  the  muw:ularis  niucoHc  is  very  well  dcvelopeil,  and  foniu  a  greni  pan  uf  llic  uCtrlue  moKiilir 
wall.  The  mucous  membrane  h  lined  by  a  single  layer  of  columaar  ciliated  epithelium.  A  »fnial 
section  shows  the  mucous  aiembrane  to  contain  miiurroua  Inlnilar  glaiid*  (Fij;  ^>.|5)~l'^  ntcrio* 
gUnds — which  branch  toward  their  lower  ends.  They  have  a  membrana  pTO|>ria,  and  we  itntd 
by  a  (.ingle  layer  of  cilialcd  cpithcliam,  a  small  lumen  being  kfi  in  ibe  cenUc.  The  atricnlir 
glands  arc  ooi  formed  during  intra-uleriiic  life  (  J'urnfr)^  nor  ore  there  any  i;bnd»  in  the  haoia 
uterus  at  birth  {G.  J.  EMgeimanti).     There  arc  nuincroug  i»lit-likc  tym^AtU  »pttcet  tu  the  rmcob 
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membrane  {Leopold^,  which  commonicate  with  well-marked  lymphatic  vessels  eiistiiifr  In  lUi  ad 
tlie  other  layers  of  the  organ.  In  the  cervix,  the  mucous  mcmLmtne  is  foltted.  prcsenltnc  in  iW 
virgin  the  appearance  known  «••  the  arbor  vitir.  The  external  surface  of  the  vaginal  p«fto4'6t 
neck  is  covered  by  stratified  M|Uflnious  epithelium,  tike  the  vagina.] 

[Tiie  Fallopian  tubes  arc  rrally  the  duels  of  the  ovaries  (Fig.  646).  They  consul  of  ■  soOa*. 
muscular  (an  external  lonf;iludinaE,  and  an  internal  circular)  layer  of  non  striped  ■imide.ssd* 
mucous  layer  thrown  into  many  folds  and  Imed  by  a  single  layer  of  ciliated  columnai  epWieUnB, 
but  DO  glands  (Fig.  647).} 

434.  PUBERTY.— The  term  puberty  is  applied  to  the  period  at  which* 
human  being  becomes  cafiable  of  [irocnating,  which  occurs  from  the  13th  to  i5tb 
yeai^  in  the  female,  and  the  14th  to  lOtli  in  the  male.  In  warm  climates,  puberl/ 
may  occtir  in  girls  even  at  S  years  of  age.  Toward  the  40th  10  50th  year,  the  pro- 
creative  faculty  ceases  in  the  female  with  the  cessation  of  the  nances;  this  con- 
stitutes the  menopause  or  grand  climacteric,  while  in  mati  the  ibinution  of 
seminal  fluid  has  been  observed  up  to  old  age.  From  the  period  of  puberty  onwinL 
the  sexual  appetite  occurs,  and  the  ripe  ova  are  discharged  from  the  ovary.  [Bot 
ova  are  discharged  even  before  puberty  or  menstruation  has  occurred.]  Atptiberty, 
the  internal  and  external  generative  organs  and  their  annexes  become  more  mk 
cular  and  undergo  development;  the  pelvis  of  the  female  assumes  the  character 
istic  female  shape.  For  the  changes  in  the  mamma;  see  §  230.  At  the  game  time 
hair  is  develo|K;d  on  the  pubes  and  axilla,  and  in  the  male  on  the  face,  while  the 
sebaceous  glands  become  larger  and  more  active. 

Other  changes  occur,  e^tecially  in  ihe  larynx.     In  the  boy  the  larynx  eIon|Estes  fai  ha  uMi^ 

posterior  tiiamttcr,  the  thyroid,  ur  Adam's  apple,  bccc«ne*  mere  prominent,  wWIe  il»e  iroeal  corfs 
lengthen,  su  that  the  voice  is  boar»e,  or  husliy,  or  "  breaks."  the  voice  l>rini;  Inweretl  at  trttf  1 
octave.     In  the  female  Ihe  larynx  becomes  lunger,  while  the  compass  of  the  voice  is  la 
The  vital  capacity  \\  loS),  corresponding  tn  the  increase  in  the  siic  of  the  chesi,  uode^picti 
siderable  increase;   the  whole  form  and  expression  assume  the  cfaaracUristlc  seitul 
while  the  psychical  enei^ies  also  receive  an  Impulse. 
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435.  MENSTRUATION.— External  Signs.— At  regular  iniervaU  of 
time,  of  27>i-2S  days  in  a  mature  female,  there  is  a  rupture  of  one  or  more  ripe 
Graafian  follicles,  while  at  the  same  time  there  is  a  discharge  of  blood  from  the 
external  genitals.  This  is  known  a*;  the  process  of  mensiruitiiori  (or  menses,  cata- 
menia,  or  yjeriods).  Most  women  menslniate  during  the  first  quarter  of  the  moon, 
and  only  a  few  at  new  and  full  moon  (S/rff/t/ ).  In  mammals,  the  analogous  con- 
dition is  spoken  of  as  the  period  of  heat  [or  the  "  rut  "  in  deer].  There  isaslightly 
bloody  discharge  from  the  external  genitals  in  carnivora,  the  mare  and  cow  (Art's- 
totle),  while  apes  in  their  wild  condition  have  a  well-marked  menstrual  dis<harge 
{Naiher(').  [Observations  on  cases  where  abdominal  section  has  been  performed 
have  shown  that  the  (rraafian  follicles  mature  and  burst  at  any  time  {JLawstm  Tait, 
Leopol4^.'\ 

The  onset  of  mcnslniatiou  is  uiually  heralded  by  coxwiiiutional  and  local  phcnDinena — there  \\ 
an  increased  feeling  of  congesLion  in  ihr  internal  j;eneralive  f)r(;an5,  pain  in  (he  linck  and  Inins.  len- 
sioD  in  the  region  of  the  uterus  and  ovaries,  which  arc  sensitive  tu  pressure,  fatii;uc  in  the  liiiibs, 
ahemaie  feeling  of  heat  and  cold,  and  even  a  slight  increafcof  the  temperature  of  the  skin  (AVr/M). 
There  may  Ijc  reiordatioii  of  the  process  of  digestion  nnd  variatioiu  10  the  evacuation  of  the  fa-cei 
and  urine,  and  in  the  secretion  of  sweut.  The  discharge  is  itimy  at  firM,  and  then  hecotnes  ittaotiy, 
lasting  three  to  four  daj-s;  the  blood  is  venous,  and  shows  little  tendency  to  coagnlale,  provided  it  is 
mixed  with   much  alkaline  mucus  from  the  genital 

passages;  but,  if  the  hemorrhage  l>e  free,  the  blood  p„;    (^^g  ^xv..  649. 

may  be  clotted.  The  quantity  of  blood  is  loo  to 
200  grms.  [The  blood  contains  many  vrhite  blood 
corpuscles  and  epiiheltoi  cells.]  After  cessation  of 
the  disehttrgc  of  blood  there  is  a  moderate  amount 
of  mticus  given  off. 


\ 
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The  characteristic  internal  phenomena 
which  accompany  menstruation  are:  (x) 
The  changes  in  the  uterine  mucous  mem- 
brane ;  and  (2)  the  rupture  of  the  Graafian 
follicle. 

I.  Changes  in  the  uterine  mucous 
membrane. — The  uterine  mucous  mem- 
brane is  the  chief  source  of  the  blood.  The 
ciliated  epithelium  of  the  congested,  swol- 
len, and  folded,  soft,  thick  {3  to  6  mm.) 
mucous  membrane  is  shed.  The  orifices  of 
the  numerous  mucous  glands  of  the  mucous 
membrane  are  distinct,  the  glands  enlarge, 
and  the  cells  undergo  fafty  tf exoneration, 
and  so  do  the  tissue  and  the  blood  vessels 
lying  between  the  glands.  The  tissue  con- 
tains more  leucocytes  than  normal.  This  Dia; 
fatty  degeneration  and  the  excretion  of  the 
degenerated  tissue  occur,  however,  only  in 
the  superficial  layers  of  the  mucosa,  whose 
blood  vessels,  when  torn  across,  yield  the 
blood.  The  decider  layers  remain  intact,  and  from  them,  after  menstnialion  is 
over,  the  new  mucous  membrane  is  developed  ( A'wWra/ rt«r/  G.J.  En^elmann). 
[Leopold  denies  the  existence  of  this  fatty  degeneration.  According  to  Williams, 
the  entire  mucous  membrane  is  removed  at  each  menstrual  period,  and  it  is  regen- 
erated from  the  muscular  coat  (Fig.  649).  The  mucous  membrane  of  the  cervix 
remains  free  from  these  changes.] 

3.  Ovulation. — The  second  important  internal  phenomenon  is  ovulation^  in 
which  process  the  ovary  becomes  more  vascular — the  ripe  follicle  is  turgid  with 
fluid,  and  in  part  projects  above  the  surface  of  the  ovary.     The  follicle  ultimately 
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burets,  its  membranes  and  the  epitbelium  covering  of  the  ovary  are  torn  or  give 
way  under  the  pressure,  the  bursting  being  accompanied  by  the  discharge  of  a 
small  amount  of  blood.  At  the  same  time,  the  congested,  turgid,  and  erected 
fimbriated  extremity  of  the  FallojHan  tube  is  applied  to  the  ovary,  so  that  the  dis- 
charged ovum,  with  its  adherent  granulosa  cells,  and  the  liquor  folliculi,  arc  caught 
by  the  funnel-shaped  extremity  of  the  tube  (Fig.  646).  The  ovum,  when  dis- 
charged, is  carried  toward  the  uterus  by  the  ciliated  epithelium  (§  433)  of  the  lube, 
and  perhaps  also  partly  by  the  contraction  of  its  muscular  coat.  Ducalliez  and 
KUss  found  that,  by  fully  injecting  the  blood  vessels,  they  could  imitate  the  crectioD  j 
of  the  Fallopian  lube.  Rouget  points  ont  that  the  non-striped  muscle  of  the  broMll 
ligaments  may  cause  constriction  of  the  vessels,  and  thus  secure  the  necessary 
injection  of  the  blood  vessels  of  the  Fallopian  lube. 

Pfltlger's  Theory. — Tbvre  are  Iwo  tbeorin  u  10  the  connection  b;tweeii  ovnUtiun  or  the  Avt- 
charge  of  an  ovum  and  the  escape  of  blood  from  ihe  uteiine  mucous  membrane,     rfltlger  rr ^ard%  ilie  ' 
bluudy  di&cbargc  from  ilie  supedicial  layers  of  the  uicrinc  mucous  meni)>rane  as  a  phy^iulo^icai  prcpa- 
nitiot)  or  "  freKhcninu"  of  the  tissue  (in  ibc  hurgical  sente),  by  which  it  will  \k  jireparerf  to  receive 
the  ovum  when  the  Citler  reaches  tbe  uterus,  ao  thai  union  can  take  plice  between  tlie  ovum  and  Ihei 
freshly-exixised  surface  of  the  mucou)^  membrane,  and  tbtu  tlie  ovum  will  receive  nourif-hmeot  6Dai| 
a  new  iurfocc.  ' 

Reichert's  Theory. — Thib  view  is  opposed  10  that  of  Keichcrt,  Eiigclmaiui,  Willianu,  and  oihcn. 
According  to  Kcicbert's  ibeory,  Iwfore  an  ovum  ii»  ducbai^cd  at  all  (lirre  is  a  sttnpaihetk  change 

in   the  titenne  macoui  membrane,  whrretr; 
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it  becomes  more  vascular,  more  spongy,  an4 
swollen  u[).     The  mucoua  mcmbtanc  >o  tl- , 
lered  ta  iipokcn  of  ab  ibe  m(mhranj  Jfyuhtm 
mfHttrua/is,  and  irom  its  nature  il  is  in  a  ] 
proper  condilicm  to  receive,  retain,  and  nour 
isb  a  fertilir-ed  ovum  wbicli  may  come  iaio  ] 
contact  with  it.     If  the  ovum,  however,  lie 
not  fcitiliiced,  and  eicape  from  the  genital 
passages,  then  the  uterine  mucout  memlaav 
degenerates,  and   Mood   i%  shed   a<   above 
descrilied.     .According  to  thi&  view,  the  hem- 
orrhage from  the  uterine  mucous  membrane 
is  a  sign  of  the  non  occorrcnce  of  pregiuwcy ; 
the  mucous  menihranc  degeiieralea  liecaaw 
it  is  not  required  for  this  occasion ;  the  i 
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stnial  blood  is  an  external  sign  that  the  ovum  has  not  been  irapregnalet).  So  iliat  prcgnosicy, 
the  development  of  the  emhr}^)  in  utero,  is  to  Iw  calculated,  not  from  the  last  ntenstruaiioa,  bat  I 
some  time  between  the  la.st  menstruation  and  the  period  which  does  not  occur. 
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In  lome  cue*  ihe  ovutntion  and  the  formatioQ  ot  ihe  decidua  menstrualis  occur  »epantte1y,  so  that 
there  may  be  mcnxruation  wiihout  ovulation,  and  ovulation  witlitml  menstrual  I  on. 

Corpus  Luteum. — Wbcn  a  Grantifln  rollicic  bursts,  i I  discharges  lis  contents  and  collapses;  in 
ihe  interior  are  the  remains  of  the  menihrmia  (granulosa  and  a  umaW  effusion  of  biood,  whicti  snoii 
coagulates.  The  small  nipiure  soon  heals,  ofier  the  serum  is  absorbed.  The  vascular  wall  of  the 
fullicle  swells  up,  Villouh  ptolongatious  or  granulations  of  young  connective  ti^Mie,  rich  in 
capillaries  and  cells  K''<i^  ^°^*^  t^>c  interior  of  the  follicle  (Ft};.  651).  Colorless  bltxx]  corjiuacla 
also  wander  into  Ihe  interior.  At  the  same  time  the  cells  of  tlie  granulrtta  proliferate,  and  form 
several  layeis  of  celU,  which  ultimately,  after  the  disappearance  of  a  number  of  blood-vessels, 
undergo  fatty  degeneration,  lutein,  and  /a/t}'  raatler  being  formed,  and  it  is  this  mass  which 
gives  the  coipu^  Juicum  its  yellow  color  (Fig.  0$2).  The  capsule  becomes  more  and  more  fused 
wiih  the  ovarian  stroma.  If  pregnancy  does  not  lake  plnce  after  the  mcnstruBtion,  then  the  fnity 
matter  ts  rapidly  ab«urbeii,and  the  ctlu^ed  bluud  is  changed  into  ha>n)atoidin  [^  30)  and  other  deriva- 
tives of  hxmoglobin.  while  there  is  a  gradual  shriveling  of  the  whole  mass,  which  is  complete  in  about 
four  weeks,  only  a  veiy  small  remainder  lieing  left.  Such  a  corpus  luteura  i.e.,  one  not  accompanied 
by  pregnane)',  is  called  n  false  corpus  luteum.  If,  bawever,  pregnancy  occurs,  then  the  corpus 
Itlleum,  in,stcad  of  .shriveling,  grows  and  becomes  a  large  body,  especially  al  the  thinl  and  foiuth 
month,  the  walls  are  thicker,  the  color  deeper,  so  ihil  the  corpus  luleum  at  the  period  of  delivery 
may  be  6  to  10  mm.  in  diameter,  and  its  remains  may  he  found  in  the  ovary  for  a  very  long  time 
ibcreaficr  (Kig.  651).  This  form  i.s  sometimes  spoken  of  as  a  true  corpus  luteum.  [We  cunnot 
draw  a  sharp  di^itinclion  between  these  two  forms. J  Only  a  very  small  iiuniler  of  the  ova  in 
the    ovary  undergo    devclupmcnt    and    are    discharged;     by   far    the   greater    number    degenerate 

436.  PENIS— ERECTION.— Penis.— [Tlic  penis  iscomposedofthe  two  long  cylindrical  cor- 
pora cavernosa,  the  corpus  spongiosum,  which  lies  between  and  I>eIow  (hem,  and  surrounds 
the  urethra;  lhe»e  are  hcKt  together  by  Hbrous  and  muscular  sheaths,  and  arc  composed  of  ereclUe 
tissue.]  Our  knowledge  of  ihe  distributionof  the  blood  within  the  penis  ischicHydueto  C.  Lunger's 
resL-arches.  The  albugiiiea  of  the  corpus  spongiosum  con^'ists  of  tendinous  connective  tissue,  con- 
taining Ihicklywovcn  elastic  tissue  and  smooth  inuscubir  fibres,  which  together  form  a  solid  filirou* 
envelo[xr,  from  which  numerous  interlacing  irabcculw  pass  into  the  interior,  so  ttut  the  corpus  spongi* 
oftum  comes  to  resemble  a  sponge.  The  onajtomosing  spaces  bounded  by  these  trabeculae  form  a 
terJesof  inler-comwuiiicating  venous 

space*  or  sinuses  fdled  with    blood  Fit"*.  653. 

and  lined  by  a  layer  of  endothelium 
convlituting  erectile  lissne  (  Hg.  653 1. 
The  largest  sinuses  lie  in  the  lo«er 
and  external  part  of  the  corpus  cavcr- 
rtraum.  while  they  are  less  numerous 
anri  smaller  in  the  upper  part.  Th< 
ftmall  arteries  arise  from  the  A. 
profunda  penis,  which  runs  along 
the  scpium,  and  pass  to  the  trabecuLv 
after  following  a  ver>'  sinuous  course. 
At  the  outer  part  of  Ihe  corpus 
spongiosum,  some  of  the  small  ane- 
nes  become  directly  continuous  with 
the  larger  venous  sinuses;  some  of 
them,  however,  terminate  in  capilla- 
ries,  both  in  the  outer  part  and  within 
the  corpus  spongiosum,  the  rapUlarits 
utiimately  terminating  in  the  venous 
sinuses,  The  helicine  arteries  of  the 
penis  de«cril>ed  by  Job.  Miiller  are 
merely  much  twisted  arteries.  The 
Jftp  veim  of  the  penis  arise  by  line 
vdnlcts  within  the  body  of  the  organ, 
while  the  veins  proceeding  from 
the  Cavernous  spacc-i  pass  tn  the 
dorsum  of  the  penis  to  form  the  x'tna 
donalii  pmU.  .\»  tliese  vessels  liave  to  (ravene  the  meshes  of  ihe  vascular  network  in  the  eoitex 
of  the  corpora  cavernosa  pcni^,  it  is  evident  that,  when  the  network  is  congested  by  being  filled  vriih 
blood,  it  muM  cum|>rcsis  the  outgoing  venous  trunks.  The  corpus  cavernoBum  uretbne  consists  for 
the  most  part  of  an  external  layer  of  closely  packed  anastuniosing  veins,  which  surround  the  longitu* 
dinally  directed  bliKMl  vcssrls  of  the  urethra. 

In  the  dog,  all  the  arteries  of  Ihe  penis  run  at  first  toward  the  surface,  where  they  divide  into 
peniciUl.    The  veins  arise  from  the  capillary  loops  in  the  papillae,  and  they  empty  their  blood  into 
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Erectile  tiMue.    a,  irAbccuLr  cifconjiettiv?  iiu(i«  wichclMiJc  6brcs  asd 
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the  cavernous  s|UceiL     Only  a  small  part  of  tbe  blood  posses  to  the  cavernous  spnces  Ihroni  _ 
internal  cnpiltarles  an<i  veinft,  but  arteriil  blood  never  Hows  directly  into  ihe&e  spaces  (.V.  v.  Frty). 

Mechanism  of  Erection. — Erection  is  duo  to  the  ovtrfilling  of  the  blood 
vessels  of  llie  |>enis  wiih  blood,  whereby  the  volume  of  the  organ  is  increased  four 
or  five  times,  while,  at  the  same  time,  there  arc  also  a  higher  temperature*  increased 
blood  pressure  (to  \  of  that  in  the  carotid — Efiihani),  vriih  at  first  a  pulsatile 
movement,  increased  consistence,  and  erection  of  the  organ. 

Rctrner  de  Graaf  obtained  complete  erection  of  the  penis  by  forcibly  injecting  its  blood  vessels 
(1668). 

The  preliminary  phenomena  consist  in  a  considerable  increase  of  the  arterial 
blood  supply,  the  arteries  being  dilated  and  pulsating  strongly.  The  arteries  arc 
controlled  by  the  nervi  erigcntes.  The  nervi  erigentes  [called  by  Gaskell  the 
pelvic  splanchnics  (Fig.  439)]  arise  chiefly  from  the  second  C^ore  rarely  the  third) 
sacral  nerves  (dog),  and  have  ganglionic  cells  in  their  course  (/orV/r,  NikoliJky), 
These  nerves  contain  vaso-dilator  fibres,  which  can  be  excited  in  part  reflexly 
from  the  sensory  nerves  of  the  penis,  the  transference  centre  being  in  the  centre 
for  erection  iti  the  spinal  cord  (^  372,  4).  Sensory  impressions  produced  by 
voluntary  movements  of  the  genital  apparatus  (by  the  ischio-  and  bulbo'cavemosii 

and  cremastcr  muscles")  can   also   dis 
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charge  this  reflex;  while  the  thought 
of  sexual  impulses,  referable  to  the 
penis,  ten<ls  to  induce  erection.  The 
nervi  erigentes  also  supply  the  longi- 
tudinal fibres  of  the  rectum  {^Fellnef). 
The  centre  for  erection  in  the 
spinal  cord  (§  362,  2)  is,  however, 
controlled  by  the  dominating  viwo 
dilator  centre  in  the  medulla  oblon- 
gata (§  372),  and  the  two  centres  are 
connected  by  fibres  within  the  cord; 
hence  stimulation  of  the  upper  part 
of  the  cord,  as  by  asphyxiated  blood 
^§  362,  5)  or  muscarin,  niay  also  be 
followed  by  erection  {^Xikalsky).  [Tlic 
seminal  fluid  is  frequently  found  dis- 
charged in  persons  who  have  been 
hanged.] 

The  psychical  activity  of  tht  cerebrum 
has  a  decided  influence  on  the  grniul 
vaso-dilatornen'es.  Just  as  iTie  psychi- 
cal disturbance  which  accom|xinies 
anger  or  shame  is  followed  by  dilata- 
tion of  the  blood  vessels  of  the  head, 
owing  to  stimulation  of  the  vaso-dilator 
fibres,  so  when  the  attention  is  directed 
(o  the  sexual  centres  there  is  an  action 
upon  the  nervi  erigentes.  This  action 
of  the  brain  is  more  compreheD&ible. 
since  we  know  that  the  diameter  of  the 
blood  vessels  is  affected  by  the  cortex  cerebri  (§  377).  The  fibres  probably  paM 
from  the  cerebrum  through  the  peduncles  of  the  cerebrum  and  the  pons ;  as  a 
matter  of  fact,  if  these  parts  be  stimulated  erection  may  take  place  (§  36a,  4) 
iEckhard). 

When  the  impulse  to  erection  is  obtained  by  the  increased  supply  of  arterial 
blood,  \\iftfuii  compieticfH  of  the  act  is  brought  about  by  the  activity  of  the  following 


i 


ilUMJjV 


/ 


Aiilcrior  wall  of  the  p«)vii  with  the  uro-gvniral  Mpliim  i««n 
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arteiy  umJ  vein  of  the  t>ultNj.caveraotut, 
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transversely  striped  muscles:  (i)  The  iscAio-cavernosits  arises  (rova  the  coccyx, 
and  by  its  tendinous  linion  surrounds  the  root  of  the  penis  (Fig.  172).  When  it 
contracts,  it  compresses  the  root  of  the  penis  from  above  and  laterally,  so  that  the 
outflow  of  blood  from  the  penis  U  hindered.  It  lias  no  action  on  the  dorsal  vein 
of  the  penis,  as  this  vessel  lies  in  a  groove  on  the  dorsum  of  the  penis,  and  is 
therefore  protected  from  corapression  by  the  tendon.  (2)  The  rtV<7>  iraHSVfrsus 
perind  is  perforated  by  the  vence  profunda;  penis,  which  come  from  the  corpora 
cavemosi,  so  that  when  it  contracts  it  must  compress  these  veins  between  the 
tense  horizontal  fibres  (Fig.  654,  6).  The  deep  veins  of  the  penis  join  the  common 
pudendal  vein  and  the  plexus  Santorini.  (3)  Lastly,  the  buiho-^ax'trnosus  is  con- 
cerned in  the  hardening  of  the  urethral  corpus  spongiosum,  as  it  compresses  the 
bulb  of  the  urethra  (Figs.  654,  5,  172).  All  these  muscles  are  partly  under  the 
control  of  the  will,  whereby  the  erection  may  be  increased.  Normally,  however, 
their  contraction  is  excited  reflexly  by  stimulation  of  the  sensory  nerves  of  the 
(§362,4). 

congcdion  of  blooil  ii  not  complete,  cIk,  in  patliolDf^ical   cuaes,  cantinuoui  erection,  as  in 

lis,  would  give  rise  to  gangrene.     The  accumulation  of  the  blood  in  the  penis  is  favored  by 

fact  that  the  orij^iiis  of  the  vcitis  of  the  petii:>  tie  in  the   corpus   ciivernosuni,  which,  when  it 

enlarges,  n)u<  coniprtrss  ihcm.   There  are  also  Irabeculdr,  smooth,  muKular  fibres, which  compiess  the 

lorpc  vcTious  [)lexus  of  Sonloritii. 

That  creciion  ia  a  complex  motor  act  depending  on  the  nervoas  lyslem,  ii  proved  by  an  experiment" 
of  Haiismann,  who  found  that  section  of  the  nerves  of  the  penis  prevented  erection  in  •  stallion. 
The  im]>eTfeci  erection  which  occurs  in  the  female-  is  confined  to  the  corpora  csvemosa  cUloridis  and 
the  hulljt  vestilMiU.  Uunnf;  erection,  the  passage  from  the  urethra  10  the  bladder  is  closed,  partly  by  the 
swelling  of  the  caput  gallinajjinis.  and  partly  by  the  action  of  the  sphincter  urethrx-,  which  is  con- 
nected with  ihe  deep  trnnivcrsvts  perinci. 

437.  EJACULATION— RECEPTION  OF  THE  SEMEN.— In  con- 

nection  with  the  ejaculation  of  the  seminal  Huid,  we  must  distinguish  two  differ- 
ent factors — (i)  its  passage  from  the  testicles  to  the  vesiculx  seminalcs ;  (2)  the 
act  of  ejaculation  itself.  The  former  is  caused  by  the  newly-sccretcd  fluid  forcing 
on  that  in  front  of  it,  by  the  action  of  the  ciliated  epithelium  (which  lines  the 
epididymis  to  the  beginning  of  the  vas  deferens),  and  also  by  the  peristaltic  move- 
ments of  the  smooth  muscular  fibres  of  the  vas  deferens.  TCjaculation,  however, 
reipjires  strong  peristaltic  contractions  of  the  vasa  deferentia  and  the  vesicul^semi- 
nales,  which  are  brought  about  by  the  reflex  stimulation  of  the  ejaculation  centre 
in  the  spinal  cord  (5  362,  5).  As  soon  as  the  seminal  fluid  reaches  the  vircthra, 
there  is  a  rhythmical  contraction  of  the  bulho-cavernosus  muscle  (produced  by  the 
mechanical  dilatation  of  the  urethra),  wherehy  the  fluid  is  forcibly  ejected  from 
the  urethra.  Hoth  va.sa  deferentia  and  vesicula:  do  not  always  eject  their  contents 
into  the  urethra  simultaneously.  With  moderate  excitement  the  contents  of  only 
one  may  be  discharged.  The  ischio-cavemosus  and  deep  transversus  perinei  con- 
tract at  the  same  time  as  the  bulbo-cavernosus,  although  the  former  have  no  effect 
on  the  act  of  ejaculation.  In  the  female  also,  under  normal  circumstances,  at  the 
height  of  the  sexual  excitement  there  is  a  reflex  movement  corresi)onding  to  ejacu- 
lation. It  consists  of  a  movement  analogous  to  that  in  man.  At  first  there  isa 
reflex  ]>t'ristaltic  movement  of  the  Fallopian  tube  and  uterus,  proceeding  from  the 
end  of  the  lube  toward  the  vagina,  and  produced  reflexly  by  the  stimulation  of  the 
genital  nerves.  Ocinbo  observed  that  stimulation  of  the  anterior  upper  wall  of  the 
vagina  in  animals  caused  a  gradu.il  contrartion  of  the  utenis.  By  this  movement, 
corresponding  to  that  of  the  vasa  deferentia  in  man,  a  certain  amount  of  the  mucus 
normally  lining  the  uterus  is  forced  into  the  vagina. 

This  is  followed  by  the  rhythmical  contraction  of  the  sphincter  cunni  (analogous 
to   the   bulbo-cavernosus),   also  of  the   ischio-cavemosus,  and  deep   transversus 
perinei.     The  uterus  is  erected  by  the  powerful  contraction  of  its  muscular  fibres 
and  round  ligaments,  while  at  the  same  time  it  descends  toward  the  vagina,  its 
ft  cavity  is  more  and  more  diminished,  and  its  mucous  contents  are  forced  out.  When 
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the  uterus  relaxes  after  the  stage  of  excitement,  it  aspirates  into   its  cavity  the 
seminal  fluid  injected  into  the  vestibule  {ArisfotU^  Bis/koff'). 

Bat  the  «uciion  of  the  greatly  excited  mcrus  U  not  necessary  for  the  reception  of  the  tenen  {Arts* 
totW).  The  spermaloton  may  wriggle  liy  their  own  movemcius  fmm  ihc  vugiiui  into  the  oriieeof  ilw 
uterus  {h'riiUlUrX  The  case*,  of  pre^oncy  where,  from  some  pilhological  causes  {pAriul  cloMrc 
of  the  vagina  or  vulva) ,  ihe  ]>eni&  hns  noi  pissed  into  the  vagina  duriti^  cuition,  prove  tli«C  the  %femm- 
toxoi  can  traveree  the  whole  length  of  the  vagina,  and  pas*  into  the  ulenu. 

438.  FERTILIZATION  OF  THE  OVUM.— The  ovum  is  fcrtiliwdUy 
one  spermatozoon  jjabsing  into  ii. 

Swammerijam  ft  i&^S)  proved  that  coniaci  of  the  semen  with  ihe  ovum  was  iiiirmiir/  Ibr  CatlHlh 
lion.  S|>allanzani  (176$)  proved  that  the  fertilizing  agent  was  the  spennatojos,  and  DOt  tbcdMr 
liltered  fluid  part  of  the  semen,  and  thai  the  ^permatujtou,  even  after  being  enormously  diluted,  •m 
still  capable  of  action.  Murlin  Barry  (1^50)  was  the  first  lonttacrvc  Ihe  entrance  of  a  spmnMonai 
into  the  ovum  of  the  rabbit.  TTtis  ocean  pretty  rapidly,  by  a  boring  movement  through  the  vttellae 
membrane  \Lcuikhari\.  The  entrance  1*  efTected  either  through  the  porou&  canals  or  the  imcniFifr 
\^Kebtr.  p,  902), 

TheoricB.— 'As  to  the  manner  in  which  the  spermatozoon  affects  Ihe  ovum,  there  are  great  dUer- 
ences  of  opinion.  Aristotle  compared  it  to  an  action  like  thai  of  rennet  on  ntilk;  Biackd(  M 
ihat  of  yeast  on  a  fermentable  mass,  i.  f.,  to  a  catalytic  action.  Thcve  thcorie.*',  howe\-er,  orccpii 
unsnlivfactory,  as  wc  Lnow  that  the  unfentlixe<l  ova  of  Ihc  hen,  rjl>bit  yHfnsen),'^\^  {Jituii^, 
salpi  (A'itf//rt)  (but  noi  the  frog — Pflftgtr)  can  undergo  ihe  initial  slices  of  devdopmeai  a  kr 
OS  the  Mage  of  cleavage,  and  Ihc  star  fishes  even  as  far  as  the  larval  form  {^Greef.') 

Place  of  Fei^ilization. — The  place  where  fertilization  occurs  is  cither  the 
avary,  .is  indicated  by  the  occurrence  of  abdominal  pregnancy,  or  the  I^afUfuM 
tubtj  and  the  numerous  recesses  in  the  latter  afford  a  good  temporary  nidus  for  the 
spermatoxoa.  This  view  is  supported  by  the  occurrence  of  tubal  pregnancy.  Thiu, 
the  spermatozoa  must  be  able  to  ])ass  through  the  Fallopian  tube  to  the  ovary,  which 
is  probably  brought  about  chiefly  by  the  movements  proi>er  to  tJie  spennattMoo 
themselves.  It  is  uncertain  whether  the  peristaltic  movements  of  the  uterus  uwl 
Fallopian  lube  are  concerned  in  this  process;  certainly  ciliarj*  movement  is  not 
concerned,  as  the  cilia  of  the  Fallopian  tube  act  from  alxjvc  downward.  \\T»en 
once  the  ovum  has  passed  unfertilized  into  the  uterus,  it  is  not  fertilized  in  the 
uterus.  It  is  assumed  that  the  ovum  reaches  the  uterus  within  2  to  3  weeks  (in  the 
bitch,  8  to  14  days). 

Twins  occur  in  i  in  87  pregnancies,  but  oftener  in  warm  cliroate«;  triplets, 
I  :  7600 ;  four  at  a  birth,  i  :  330,000.  More  than  six  at  a  time  have  not  been 
observed.     The  average  number  of  pregnancies  in  a  woman  is  45-i. 

Superfecundation. — Ily  this  term  is  understood  the  ferlili'ation  of  (wo  ova  at  the  tftmt  mm* 
Uruatioft,  by  two  different  acis  of  coition.  Thus,  a  marc  may  tlirow  a  foal  and  a  mu'e,  after  tini| 
covered  lirst  by  a  stallion  and  then  by  an  ass.  A  white  and  a  t>]ack  child  have  been  born  «>i»JBili^ 
a  woman. 

SuperfcBtBtion  is  when  a  second  imprrgnaiinn  takes  place  at  a  taur  period  of  prcfaancy.  M 
in  the  second  or  ihitd  month.  This,  however,  is  only  fiossihle  in  a  double  utr-Jits,  or  wtwo  mo- 
atrualion  |>crsibt<t  until  the  lime  of  the  second  imprei: nation.     It  is  Miid  to  occur  frvqoenlly  in  tli«  Inn. 

Hybrids  are  produced  when  there  is  a  cross  between  different  sp*<:tfs  ( ttofae.  «ss.  letff*  49fc 
jackal,  wolf — goal,  ibex — goat,  sheep — species  of  llama— camel,  dromedary — tiger,  boa — xpcciet  n 
pheasant — goose,  swan — carp,  crucian— species  of  builerflie).  Most  hyt'rids  are  sterile.  cncWly 
as  regards  the  formation  of  properly  formed  spermaioioa;  while  the  hybrid  females  ore  fcK  the  watt 
part  fertile  with  the  m-tle  of  both  parents,  e.^..  the  mute;  but  the  charaaen  of  the  <Jbono^  Mwlla 
return  to  those  of  the  sftecies  of  the  parents.  Very  few  hybrids  are  fertile  when  croMM  hf  >jMJ^ 
In  many  species  of  frogs  the  ahficnce  of  hybrids  is  accounied  for  by  the  nechanicml  obaUmi  to  Iff" 
tiluation  of  the  ova. 

Tubal   Migration  of  the  Ovum. — Under  exceptional   circumstances,  the 

ovum  discharged  from  a  ruptured  Graafian  follicle  passes  into  the  Fallopian  tube  of 
the  rV/zcrside,  as  is  proved  by  the  occurrence  of  tubal  pregnancy  and  prt^gn*I>cy 
of  an  abnormal  rudimentary  horn  of  the  uterus,  in  which  case  the  true  corpus 
lulcutn  is  found  on  the  other  side  of  the  ovary.  This  is  spoken  of  as  ••  external 
migration  "  ( Kussmaul,  LiopoW).  This  observation  coincides  with  experiment. 
as  granular  fluids,  t.g.^  China-ink,  when  injected  into  the  peritoneal  cavity,  pas 
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into  both  Fallopian  tubes,  and  are  carried  by  the  ciliated  epithelium  to  the  uterus 
(^Pinner).  In  animals  with  a  double  uterus  with  two  orifices,  the  ova  may  migrate 
through  the  os  of  the  one  into  the  other  uterus,  a  condition  which  is  spoken  of  as 
**  internal  migration." 

439.  IMPREGNATION— CLEAVAGE— LAYERS  OF  THE  EM- 
BRYO.— Maturation  of  the  Ovum. — In  birds  and  mammals,  imiwrtant 
changes  occur  in  the  ovum  before  impregnation.  The  germinal  vesicle  comes 
to  the  surface  and  disappears  from  view,  while  the  germinal  spot  also  disappears. 
In  place  of  the  germinal  vesicle,  a  spindle-shaped  body  appears.  The  granular 
elements  of  the  protoplasmic  vitellus  arrange  themselves  around  each  of  the  two 
poles  of  the  spindle,  in  the  form  of  a  star,  the  double  star,  or  diaster  of  Fol — 
nuclear  spindle  (Figs.  655,  656).  When  this  lakes  place,  the  peripheral  pole 
of  the  nuclciis  or  altered  germinal  vesicle,  along  with  some  of  the  cellular  substance 
of  the  ovum,  protrudes  upon  the  surface  of  the  vitellus,  where  they  are  nipped  off 
from  the  ovum  in  the  form  of  small  corpuscles  just  [ike  an  excretory  product  (Fig. 
657).  These  bodies,  which  are  not  made  use  of  in  the  further  development  and 
growth  of  the  ovum,  are  called  polar  or  directing  globules  i^Fol,  BtUsehli^  O. 
Ncrtii'ig),  although  the  elimination  of  small  budifs  from  the  yelk  was  known  to 

Fig.  656. 


rHi' 


EgS  of  Scorpana  scrota.  Tt>«  ger- 
minal voicle  "&  extruding  a 
polnrclotxile.and  withiliawing 
lowiird  the  centre  nf  the  ovum. 
Nenr  it  U  the  nule  pronticletu. 


Foroiation  of  polar  ^bulea  to  a  Ktar-fiih  (Atteriiu  glacinlisl.  A.  npc  uvuiu 
with  eccentnc  gemlnal  veiicle  and  a|Mi( ;  B-H,  Kradiial  |cncUniarpho«i»  at 
Kcnniiixl  vesicle  und  spot,  u  teen  in  the  liviw  *n-  into  two  aslcn ;  K, 
)rirm;tlion  of  first  polar  glcjbulc,  and  withdrawal  oitbc  rcnuilninu  part  tA 
the  nuclear  ipiiMlle  within  the  ovutn ;  G,  sur&ce  view  of  living  ovum  with 
view  of  finl  pol.ir  kI'>1)L]I«  :  H,  fortfutioii  ofMCuncJ  pol»r  globiLle  ;  I,  a  later 
fttagc,  showing  the  rcinai:ilnK  internal  pan  of  the  ipindleln  the  fomiof  two 
ricar  reticles ;  K.ovum  wiin  two  polar  globules  and  radial  sirioi  around 
the  remnlepronitdeii*:  L,cjitruaion  of  polar  flolwlc.  (C^iOUrx  .■  A-K,aft*r 
F<yl:  L,  after  O.  Htrtwt'g.) 

Dumortier  [1837],  Bischoff,  P.  J.  van  Benedcn,  Fritz  Miiller  [1848],  Rathke,  and 
others.  The  remaining  part  of  the  germinal  vesicle  stays  within  the  vitellus  and 
travels  back  toward  the  centre  of  the  o\aim,  to  form  the  female  pronucleus  {O. 
Jiertwig^  Foi^  Selenka^  E.  van  Bencden).  [Heforo,  however,  the  altered  germinal 
vesicle  travels  downward  again  into  the  substance  of  the  ovum,  it  divides  again 
as  before,  and  from  it  is  given  off  the  second  polar  globule,  and  then  the  remain- 
der of  the  germinal  vesicle  forms  the  female  pronucleus  (Fig.  655).  At  the  same 
time  the  vitellus  shrinks  somewhat  within  the  vitelline  membrane.] 

Impregnation. — Asa  rule,  only  one  spermatozoon  penetrates  the  ovum,  and 
as  it  does  so,  it  moves  toward  the  female  pronucleus,  while  its  head  becomes 
surrounded  with  a  alar ;  it  then  loses  its  head  and  ciliuni.  or  tail,  the  latter  only 
serving  as  a  motor  organ,  while  the  remaining  middle  piece  swells  up  to  fonn  a 
second  new  nucleus,  the  male  pronucleus  {Pol,  Selenka).  According  to  Flem- 
raing,  it  is  the  anteriorT^art  of  the  head,  and  according  to  Rein  and  Kberih,  it  is 
the  head  which  is  so  changed.  Thereafter,  the  male  and  female  pronucleus  unite, 
undergoing  amceboid  movements  at  the  same  time,  to  form  the  new  nucleus  of 
the  fertilized  ovum.  The  female  pronucleus  receives  the  male  pronucleus  in  a 
little  depression  on  its  surface.  Thereafter  the  yelk  assumes  a  radiate  appearance 
58 
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{Rein).     [The  union  of  the  representalives  of  the  male  and  female  elements  forms 
'0[\^  first  embryonic  sfgmeniaiioH  sphere  ox  blastosphere,  whiclt  divides  into  two 

cells,  and  these  again  into  four,  and  so  on 


Flo.  657. 
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In  Echinod^rms,  O.  Hertwig  and  Fol  bhaertd 
thai  several  cuiliryos  were  f'^irmcO  vrbcii,  under  il>- 
noTiual  conditions,  several  ftpcnnotozoii  penctnled  sn 
ovum.  Tlie  male  pronuclei,  IbtnieU  from  the  teren] 
iipernuiiDroa,  then  fused  each  with  x  fra^meni  of  the 
female  pruDUcleus.  I'nder  similar  circunuimnecsw 
Born  atiscrved  in  amphibians  abncrtnaj  cleav^c,  bai 
no  furlier  development. 

Cleavage  of  the  Yelk. — In  an  ovum  so 

fertilized  the  yelk  contracts someAv hat  around 
the  newly-formed  nucleus,  so  that  it  becomes 
slightly  sei)arated  from  the  vitelline  mem- 
brane, and  for  the  first  time  the  nticlcus 
and   the    yelk    divides   into    two    nucleated 

spheres.   This  process  is  spoken  of  as  a  complete  cleavage  ox  fission  (Fig.  658}. 

Each  of  these  two  cells  again  divides  into  two,  and  the  process  is  repeated,  so  that 


Egg  of  9  Sur*f)sh  (AatsrvcanttilOo)  witli  two  ex- 
tnuled  fHjUr  Klutiiiles.  M.ilc  ;iBd  TcniAlc  pro* 
nuclei  near  cjch  other. 


sp 


erfc 


TV- 


ent 


Fk;.  6;o. 


Sei^mcnurtan  of  a  mUUt't  curiim.  u,  lwf>-ccllcii  kUgc!;  ^,  fmir-ccUcil  tlacc ;  c,  ei|;lit<rllc()  *t:iwc;  f,  i.  liiiii>  Uwiii  J 
iiicTVk  showing  the  inuie  rapid  diviiroD  of  ihc  oulcf-laycr  cclli.  and  ine  gniduxl  cncloturc  ot  Ibe  innei-lay«<  cdhf 
fcty  DtilcT-Uyet  CcU»^  tnl,  tiiiicr-Uyet  t:elli;  fgl,  puUr  i;lulnileft;  </,  ion«  |>clluciila. 

4,  8,  16,  32,  and  so  on,  spheres  are  formed  (Fin.  659)-    This  constitutes  thcclaV'J 

age  of  the  yelk,  and  the  process  goes  on  until  the  whole  yelk  is  subdivided  into] 

numerous  small,   nucleated   spheres,  the  I 
•'mulberry  mass"  or  '*  segmenta- 
tion spheres"  or  '*  morula,"  or  Ihc 
protopla.sn)ic    primordial   ".pheres  ( ao  to 
25  /i)  which  are  devoid  of  an  envelope, 
[Each  cell  divides  by  a  process  ofkaryo-j 
kinesis.      According   to   Van    Boneden.f 
the  segmenlatiorf   begins  in    1-2    houraj 
after  the  union  of  the  pronuclei,  and  tbcl 
process  is  complete    in  about   75   hours. 

These  primitive  cells,  from  which  all  the  tissues  of  the  future  embryu  are  formed, 

arc  called  blastomeres.] 


Ckavsye  of  the  yeUt  of  the  «Sf  of  ADchyloitomum  duo- 
deiule. 


STRUCTURE   OF  THE   BLASTODERM. 


916 


Variation  of  Lines  of  Cleavage. — According  to  the  obiervalions  of  PflUccr,  tbe  ova  of  the  frog 
can  be  made  tu  iiiulertjo  cl(rnvii|;e  in  very  ditfcrcnt  (lirecticTns,  according  to  the  angle  between  ijie 
axix  of  the  egg  mid  the  line  of  gntvitalion.  This,  of  cnnrsc,  we  can  alter  Za  we  pleafec.  liy  placing 
the  cg(;$  Bl  any  angle  to  the  line  uf  gravitation.  Uy  the  axi^  of  the  ovum  is  meant  a  line  connecting 
ihc  centre  of  the  black  surface  and  the  middle  of  (he  white  pan,  which,  in  the  fi-riiii?cd  ovum,  is  always 
veniccl.  In  such  cases  of  abnormal  cleavage  the  dejxisiiiun  of  the  organs  takes  pince  from  other 
constituent)  of  the  egg  than  those  from  which  the)*  arc  formed  under  normal  conditions.  Under 
normal  circum.«tancc5,  according  to  Roux,  the  fir^t  line  of  cleavage  in  the  frog  Is  m  the  same  direc- 
tion a.s  the  central  ncivous  S)-stcm.  The  .second  intersects  the  fust  at  a  right  angle,  so  xs.  to  divide  the 
mau  of  o\*um  into  two  un f ^ua/  paris,  the  larger  of  which  forms  the  anterior  part  of  the  cmbrj'o. 

Blastoderm. — During  this  time  the  ovum  is  enlarging  by  absorption  of  fluid 
into  its  interior.  All  the  cells,  from  mutual  pressure  against  each  other,  become 
polyhedral,  and  are  so  arranged  as  to  form  a  celltalar  envelope  or  bladder,  the 
blastoderm  or  germinal  membrane,  which  lies  on  the  intfrral  surface  of  the 
vitelline  membrane  {D^  Graaf^  v.  Baer^  Bischoff^  Costt).  A  small  part  of  the  cells 
not  used  in  the  formation  of  the  blastoderm  is  found  on  some  part  of  the  latter. 
[In  the  ovum  of  the  bird,  where  there  is  only  partial  segmentation,  the  blasto- 
derm is  a  small,  round  body  resting  on  the  surface  of  the  yelk,  under  the  vitelline 
membrane,  so  that  it  docs  not  completely  surround  the  yelk,  or  a  hollow  cavity,  as 
in   tnammals.     In   mammals,  this  cavity  is  called  the   segmentation  cavity.] 

Fig.  66a 
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BlAsiodcmiic  vciiclc  of  a  rabbit.  t(t, 
cctodcTiQ,  or  outer  luyer  of  CClU ; 
tni,  lnn«T  layer  of  cells. 
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/V,  primitive  Mrcak ;    R,    mcHnlUry    groove ; 
finl  proro-veTicbrik. 
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The  hollow  sphere,  composed  of  cells,  is  called  the  blastodermic  vesicle  by 
Reichert  (Fig.  66o),and  in  the  human  embryo  it  is  formed  at  the  loth  to  12th  day, 
in  the  rabbit  at  the  4th,  the  g^iinea-pig  at  the  j^<,  the  cat  7th,  dog  iilh,  fox  i4tli, 
ruminantia  at  the  loth  to  1 2th  day,  and  the  deer  at  the  60th  day. 

When  the  blastoderm  grows  to  2  mm.  (rabbit),  whereby  the  vitelline  membrane 
is  distended  to  a  very  thin,  delicate  membrane,  then  at  one  part  of  it  there  appears 
the  germinal  area,  the  area  germinativa,  or  the  embryonal  shield  iCostf,  Kolli- 
ktr),  as  a  round  white  spot,  in  which  the  blastoderm,  owing  to  the  proliferation  of 
its  cells,  becomes  douhU.  The  upper  layer  is  called  ihe  ectoderm  or  epiblast, 
and  in  some  animals  it  consists  of  several  layers  of  cells,  while  the  lower  layer  is 
the  endoderm  or  hypoblast.  The  hypoblast  continues  to  grow  at  its  edges,  so 
that  it  ultimately  forms  a  completely  closed  sac,  on  which  the  epiblast  is  applied 
concentrically.  The  embryonal  area  soon  becomes  more  pear-shaped,  and 
afterward  biscuit-shaped.  At  the  same  time  the  surface  of  the  zona  pdlucida 
develops  numerous  smtfU,  hollow,  structureless  villi,  and  is  called  the  primitive 
chorion. 

At  the  posterior  part,  or  narrow  end,  of  the  embryonic  shield,  the  primitive 
streak  (Fig.  661, 1,  Pr)  appears  at  first  as  an  elongated  opaque  circular  ihicken- 
ing,  and  later  as  a  longer  streak  or  groove,  the  primitive  groove.     [The  opacity 
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is  due  to  the  fact  that  there  are  several  layers  of  cells  in  this  region  (Fig.  66j). 
In  a  transverse  seclion  through  the  primitive  streak,  three  layers  of  cells  arc  seen. 
They  form  part  of  the  middle  layer  or  mesoblast,  and  arc  originally  derived  from 
the  hypoblast.  These  cells  fuse  with  those  of  the  epJblast.  The  remainder  of  (he 
hypoblastic  cells  retain  their  stellate  character.]     At  the  same  time  a  new  layer  of 


Via.  662. 
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Tratuvcrtc  MCtloa  of  the  primitive  streak  of  a  fowl'i  bUstodem.     //,  epibUit ;  A/,  hypobbat ; 
primitive  groove :  j'A.yuke  of  cenaiiuil  wait 


cells  is  developed  between  the  eplblast  and  hypoblast,  the  mesoderm  or  mes-o- 
blast  (Fig,  662,  1),  which   soon  extends  over  ihe  embryonal  area,  and   into  the 

blastoderm.     [There  has  been 


Fig.  663. 


muchdisctissionasto  the  origin 
of  the  mesoblasl,  but  in  vene* 
brates  it  seems  to  be  ori^nally 
developed  from  the  hypoblau. 
Fig.  663  shows  a  port  ion  of  the 
hypoblast  in  its  axial  pan,  m 
process  of  forming  the  noto- 
chord,  which  is  described  as 
mesoblastic]  Blood  veaxk 
are   fonned  within   the  moo- 

Tn»n»ven€  «cilon  of  an  cmboo  newt,    a,  in«iemeron,   aj.Aj.Mxhl  blast,  and  are  distributed   OTCT 

h™W»t.  forming  the  hotochoni:  ^f.cwlom  or  body  cavily;  «7..  (hg     blaslodcrm       lO     form     tbc 
cpiblaM  i  A/,  dtEeaitve  hypobUst ;  /mw,  tomjillc  DvootUst;  t/m, 

■pUuKhnlc  [nouuU»t;   «/,  neunl  pbtc.  arta  VaSCUlosa. 

Medullary  Groove. — A 
longitudinal  groove,  the  medullary  groove,  is  formed  at  the  anterior  part  of  the 
embryonal  shield,  but  it  gradually  extends  posteriorly,  embracing  the  anterior  pot 
of  the  primitive  streak  with  its  divided  posterior  end,  while  the  primitive  streak 
itself  gradually  becomes  relatively  and  absolutely  smaller  and  less  distinct,  ttntttit 
disappears  altogether  (Fig.  661,  I,  and  11,  Pr). 

The  position  of  the  embryo  is  indicated  by  the  central  part  l}ecoming  moee 
transparent, — the  area  pellucida, — which  Is  surroimded  by  a  more  opatpic  (xtrt— 
the  area  opaca.  [The  area  opaca  rests  directly  upon  the  white  yelk  in  the  fowl, 
and  it  takes  no  share  in  the  formation  of  the  embryo,  but  gives  rise  to  structuro 
which  are  temporary,  and  are  connected  with  the  nutrition  of  the  embryo.  The 
embryo  is  formed  in  the  area  pellucida  alone.] 

From  the  epiblast  \fieuro-epuiermal  layer\  are  developed  the  central  nervow 
system  and  epidermal  tissues,  including  the  epithelium  of  the  sense  organs. 

From  the  mesoblast  are  formed  most  of  the  organs  of  the  body  [including  l!x 
vascular,  muscular,  and  skeletal  systems,  and,  according  to  some,  the  coDDCciivf 
tissue.     It  also  gives  rise  to  the  generative  glands  and  excretory  organs]. 
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Vertical  icction  of  pari  of  the  unincubaied  bUsCoderm  of  a  hen.    a,  epibUu ; 
i.  hypobbsi :  e.  formalin  cetb  restiOB  on  wUie  yelk  ;  y,  Brcbeaieroo. 


From  the  hypoblast  epiihelio-glandular  layer  [which  is  the  secretory  layer], 
arise  the  intestinal  epithelium,  and  that  of  the  glands  which  open  into  intestine. 
The  notochord  is  also  formed  from  its  axial  portion.  [The  month  and  anus  being 
formed  by  an  inpushing  of  the  epiblast,  are  lined  by  epiblast,  and  are  sometimes 
called  the  stomodseum  and  proclodaeum  respectively.] 

[Structure  of  the  Blastoderm  (Fig.  664). — Originally  it  is  composed  of 
only  two  layers^  and  in  a  vertical  section  of  it  the  epiblast  consists  of  a  single 
row  of  nucleated  grannlar 

cells,    arranged    side    by  ^^^'  6^ 

side,  with  their  long  axes 
placed  vertically.  The 
hypoblast  consists  of 
larger  cells  than  the  forc- 
goingi  although  they  vary 
in  size.  Tliey  are  spher- 
ical and  very  granular,  so 
that  no  nucleus  is  visible 
in  them.  The  cells  form 
a  kind  of  network,  and 
occur  in  more  than  one 
layer,  especially  at  the 
periphery.  It  rc=>ts  on  white  yelk,  and  under  it  are  large  spherical  refractive  cells, 
spoken  of  as  formative  cells  (r).] 

'ITie  cells  of  the  epiblast,  and  especially  those  of  the  hypoblast,  nourish  themselves  by  the  direct 
absorption  and  incorjKiralion  of  the  conMitucnts  of  the  yelk  into  themselves.  The  amrifboid  move- 
ments of  these  cells  play  a  part  iu  the  process  of  absorption.  The  absorlied  panicles  are  changed, 
or,  as  il  were,  digested  within  ihe  cells,  and  the  product  used  in  the  {irocesscs  of  growth  and  devel- 
opment (Kolimann). 

440.     STRUCTURES    FORMED    PROM   THE    EPIBLAST.— 

Laminae  Dorsales. — The  medullary  groove  upon  the  epibi:ist  (also  called  outer, 
serous,  sensorial,  corneal,  or  animal  layer)  becomes  deeper  (Fig,  665,  II).  The 
two  longitudinal  elevations  or  larainee  dorsales  consist  of  a  thickening  of  the 
epiblast,  and  grow  up  over  the  medullary  groove,  to  meet  each  other  and  coalesce 
by  their  ir<:G  edges  in  the  middle  line  posteriorly.  Thus,  the  open  groove  is 
changed  into  a  closed  ttihc — the  medullary  or  neural  tube  (III).  The  cells 
next  the  lumen  of  the  tul)e  ultimately  become  the  filiated  epithelium  lining  the 
central  canal  of  the  spinal  cord,  while  the  other  cells  of  the  nipiied-oflf  portion  of 
the  epiblast  form  tlie  ganglionic  part  of  the  central  nen*ous  system  and  its  pro- 
cesses. 

Primary  Cerebral  Vesicles. — [The  laminx  dorsales  unite  first  in  the  region 
of  the  neck  of  the  embryo,  and  soon  this  is  followed  by  the  union  of  those  over 
the  future  head.]  The  medullary  tube  is  not  of  uniform  diameter,  for  at  the 
anterior  end  it  becomes  dilated  and  mapped  out  by  constrictions  into  the  primary 
vesicles  of  the  brain,  which  at  first  arc  arranged  one  behind  the  other,  in  the  fol- 
lowing order,  each  one  being  smaller  than  the  one  in  front  of  it :  the  fore-brain 
(representing  the  structures  from  which  the  cerebral  hemispheres  are  develoijed)  ; 
the  mid-brain  (corpora  qnadrigemina) ;  the  hind  brain  (cerebellum);  and  the 
after-brain  (medulla  oblongata),  which  is  gradually  continued  into  the  spinal 
cord  (IV  and  V).  The  posterior  part  of  the  medullary  lube  has  a  dilatation  at  the 
lumbar  enlargement.  In  birds,  the  medullary  groove  remains  open  in  this  situa- 
tion to  form  a  lozenge-shaped  dilatation,  the  sinus  rhomboidalis. 

Cranial  Flexures. — The  anterior  part  of  the  medullary  tube  curves  on  itself, 
especially  at  the  junction  of  the  spinal  cord  and  oblongata,  twtween  the  mid- 
brain and  hind  brain,  and  again  almost  at  right  angles  between  the  fore-brain  and 


I,  Tbe  threa  Uyvn  of  the  Uutodcmof  a  aianmalian  ovrnn — Z,  rona  jMtliicHia;  E,  epiUui ;  it,  mesobhut:  4b 
hrpobUsl.  II,  Scclionof  in  embryo,  with  nix  ^itiftovcrlebne  at  ihe  mt  ilay— M,  meJulbirv  smovc  ,  A  MUtkt»- 
pleore;  VT.  prolnvcnehnE  :  c,  chorA»  dontnlU  :  S.  tiic  UtetAl  utatc*  divided  into  two  ;  ^,  hy|M^iu(.  t  II, Sn.iio> 
of  an  embryo  chick  tti  the  3d  day  in  the  rrgion  tirbind  the  heart — M,  medullary  eroovc;  A,  otitcr  pan  itf 
»oaui0plcure ;  ■,  proiotxriebra ;  r.chdtd.i:  «•,  WnllTiaii  duct:  K.  cwlotn  ,  jr.  inner  («ri  of  ^ntn^iapletiic: 
jr,  inner  pttrt  of  i>|il2nchnopleuF>;;  A,  amniotic  fuld ;  a,  uort>« ;  #,  hypoblai't.  IV,  Scheme  of  a  k'nf  iliwIiiMl 
lection  at  an  ciitly  cntbtyu.  V,  Scheme  uf  the  furoiMtion  of  the  head  ;iiid  tail  fi^ldt — r.  head  f-ld  :  |t  ^nietke 
cvcremiiy  of  the  niiure  inieftinal  tract :  b,  i.til  fold,  first  rudiment  of  the  cavity  of  the  reL-tum 
longitudinal  *ectioii  ihiv'mh  an  embryo  uflcr  ihe  furmniivin  uf  the  head  »nd  mii  fwId*^A  *.  oii 
arteries;  V  a,  umphalo-meienieric  veini,  a,  position  of  the  albnioia;  A,  aminoEic  fold.  VI  I,  ^ 
gitudinal  section  ilimugh  a  hiivisD  ovum— Z.  irona  pcllucidn ;  S,  herons  cavity ;  r,  union  of  it 
A,  cavity  nf  the  amnion;  •>, -lUaninl^ ;  X,  iimbllicnl  vehicle,  nr,  me^dhlaat,  &,  he:>rt.  U,  X" 
VIII.  Schematic  transverse  »rciioa  oflhc  prrjtnant  uicruti  during  the  formation  of  the  placenta  i 
of  the  utcruf;  /.  iilerine  miMrous  menibiane,  or  decidiia  vera;  6,  maternal  |wri  of  the  pl.i 
nertnina  ;  r,  decidita  rcllcxa  ;  ch,  chorion  ;  A,  amnion  ;  «,  umbilical  cord  ;  a,  ailaniois,  with  ilii: 
bilical  Toicle,  with  D,  the  omph.ilri-me^enierir  duel:  ".  n|ieniii|[>  nf  the  Palt<ijiinn  liihe»;  G.  .  ' 
Uteri.  IX,  Scheme  of  a  hum.-kn  embr)'o.  with  the  visceral  arches  tlill  persistent — A.  aitir  •  ^ 
mid-brain,  11,  hmd-brain  ;  S,  after-brain  ;  L',  primitive  veilebric  :  ««,  eye ; /.  na*al  pi'- 
iiiiemal  nas-il  process  .  n,  exicrnal  lUiMil  prnce^i ;  r,  « upenor  tnakillary  prr>teb«  <>(  the  i 
anrl  4,  the  f'wir  eivieral  arches,  with  the  visceral  clefts  between  them;  >i,  auditory  vt-.^.._ 
^irimliive  anrta,  wbich  divide«  into  five  ann\c  .itches;  _/,  dcscendlntf  aorta;  cm,  oii^plinU'-me^c 
Ihe  r>m[>lialo-mrsentcri(;  arteries  on  the  nmbilical  vcaiclc;  r,  omphalo-mcicnicric  vein;  I..  ; 
»d«.-ehentes  and  reveheme*;  I>,  inCeittnc  ;  /,  tnferioi  cava;  T,  coccya  ;  ii//,  all.inloii,  uilh  j. 
artery,  and  x,  an  umbilical  rein. 
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inid'brain.  [Thus,  a  displacement  of  the  primary  vesicles  is  produced,  and  the 
head  of  the  future  embryo  is  mapped  off.]  At  first  all  the  cerebral  vesicles  are 
devoid  of  convolutions  and  sulci.  On  each  side  of  the  fore-brain  there  grows  out 
a  stalked  hollow  vesicle  (VI),  ilie  primary  optic  vesicle.  The  remainder  of 
the  epibiast  forms  the  epidermal  covering  of  the  body.  At  an  early  period  we 
can  distinguish  the  stratum  corneum  and  the  Malpighian  layer  of  the  skin  (§  283)  ; 
from  the  former  are  develo|>ed  the  hairs,  nails,  feathers,  etc. 

Partial  Cleavage,^— Only  •  partial  cleavage  takes  place  in  the  Cf^gs  of  birds  and  in  mem- 
blastic  ova.  i.  e.,  only  tlie  rvAift  yfli  in  the  neighliorhood  of  the  cicfttricnla  divides  into  numerous 
segmentation  spliercs  {Cosu,  184S).  The  cells  arrange  themselves  in  two  layers  lyiny  one 
over  the  other.  The  upper  layer  or  epibiast  is  the  larger,  an<l  contains  small  pale  cells;  the  lower 
layrr,  or  hypohh-tt,  which  at  XvnX.  is  not  a  continuous  layer,  tUtimalely  forms  a  continuous  layer,  but 
its  periphery  is  smoller  than  the  upper 
-  ■  Fig.  665. 


layer,  while  its  cells  are  loiter  and 
more  granulnr. 

Between  the  epibUiit  and  hypoblast 
there  is  formed,  from  the  primilive 
streak  as  a  product  of  cell  prolifera- 
tion, the  mcaoblast,  which  is  said  by 
KiJllikerio  be  due  to  ihe  Hivision  of 
the  cells  of  the  epibiast.  It  gradually 
extends  in  n  peripheral  direction  tic- 
tween  the  two  other  layers.  Alt  ihe 
three  layers  grow  at  their  periphery. 
In  the  mcsobtost  blood  vessels  arc 
developed.  All  the  thtcc  layers,  a,s 
iheygrow.  come  ultimately  to  enckwe 
the  yelk,  so  that  their  tnoq^ins  come 
together  at  the  opposite  pole  of  the 
ycIk. 


Th 


^^.^ 
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441.  STRU  CTU  RES 
FORMED  FROM  THE 
MESOBLAST  AND  HY^ 
POBLAST.  —  Ihe  meso- 
blast  (vascular  layer ormiddle 
layer)  forms  immediately  under 
the  medullary  i^Toove,  a  cy- 
lindrical cellular  cord,  the 
chorda  dorsalis,  or  noto- 
chord,  which  is  thirker  al  the 
tail  than  at  the  ccplialic  end 
(Fig.  665,  n,  III,  o-  It  is 
present  in  all  vertebrata,  and 
also  in  the  larval  form  of  the 
ascidian.s,  but  in  the  latter  it 
disapf)ears  in  the  adult  form 
{Ktrwalcivsky).  In  man  it  is 
relatively  small.  It  forms  the 
basis  of  the  bodies  of  the  ver- 
tel)rx,  and  around  it,  as  a  central  core,  the  .substance  of  the  bodies  of  the  verie- 
brie  is  deposited,  so  that  they  are  strtlng  on  it,  as  it  were,  like  beads  on  a  string. 
After  it  is  formed,  it  becomes  surrounded  by  a  double  sheath-like  covering  (fi^^^i-w- 
daur,  Kdliik(r). 

Tlie  recent  o1)5en*aiions  of  L.  Gerlach  and  Stmhl  show  that  the  chorda  dorsalis  is  derived  irom 
the  hypoblast  ( l-'ig.  663).     It  doe*  not  contain  chondrin  or  glutiti,  but  alhumm  i^Retiius). 

Protovertebrae. — The  cells  of  the  mesoblast,  on  each  side  of  the  chorda, 
arrange  themselves  into  cubical  masses,  ahvays  disposed  in  pairs  behind  each  other. 


S^lwM'' 


Embryo  fowl  of  th«  ad  day,  •;  50.  .^0,  area  opaca;  Ap,  are.*  pellu- 
cMa  :  /M.  liioil-braiu  .  Mk,  mid-lirAin;  K(.  forc-lir«iii ;  vm,  oiii- 
phalo-mcftcnteric  veim  ;  niHr,  point  where  inc  cKmuic  of  the  (wu- 
ml  KTuovc  Is  tmveliiiit  backward  with  Ihe  prolovcrtcbra; ;  f'tv, 
niu»cl«  p]at«4  :  ^/',  po4ieHor  pan  of  widcly-ofwti  neunU  sroDVC ; 
R-uft  neural  ndfc  ;  vA/,  xnttriur  Amniotic  fold. 
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the  protovertebrae  (Fig.  665 »  U  and  u).  The  first  pair  correspond  to  the  atla& 
At  a  later  period  each  protovertebra  shows  a  marginal  cellular  area  and  a  nuclear 
area  (Fig.  665).  Only  part  of  it  goes  to  form  a  future  vertebra.  The  part  of  the 
raesoblast  lying  external  to  the  protovertebrx,  the  lateral  plates  (Fig.  665»  II, 
s),  splits  into  two  layers,  an  upper  one  and  a  lower  one,  which,  however,  are  united 
by  a  median  plate  at  the  protovertebrje.  The  space  between  the  two  layers  of 
the  mesoblasi  is  called  the  pleuro-pcritoncal  cavity,  or  the  ccclom  of  Haeckel 
(III,  K).  The  upper  layer  of  the  lateral  plate  becomes  united  to  the  epiblast, 
and  forms  the  cutaneo-muscular  plate  of  German  authors,  or  the  soxnatopleure 
(Fig,  665,  III,  .V  ;  Fig.  667,  stf),  while  the  inner  one  unites  with  the  hypoblast  to 
fonn  the  intestinal  plate  of  German  authors,  or  the  splanchnopleure  (Fig.  665, 
III,  y ;  Fig.  667,  j/).  On  the  surfaces  of  these  plates,  which  are  directed  tOM^ml 
each  other,  the  endothelium  lining  the  pleuro-peritoneal  cavity  is  developed.  On 
the  surface  of  the  median  plate,  directed  toward  the  ccelom,  some  cylindrical  cells, 


Fic.  667. 


80  cav. 


Tniuv«ne  ««v-iMia  nf  »n  embryo  duck.   aw.  amaion ;  a*,  aorta :  cm.v.  caHiiul  vein  ;  tM,  wloobord ;  J^,  _, 
MI.  muscle  pUle  -  i^,  xiinatoptcnre  ;   «/,splanchaDpl«iirc  ;  jr/.r,  Kpiiul  conl ,   </^,  S[^Im1  CKf^tkNI;  ai, 

lal  lube  .  »«/,  WolffiAii  ^kq[mcnul)ducu 

the  "germ  epithelium"  of  Waldeyer,  remain,  which  form  the  ovarian  tobes 

and  the  ova  (§  438). 

According  lo  Rcmak,  tbe  skin,  the  muscles  of  ibe  inink,  and  Ihe  blood  Teasels,  and  accDrduif  to 
His,  only  the  musculature  of  the  trunk,  are  derived  from  tbe  somalopleuxc.  Both  obMrrcn  a^nx 
that  tbe  splanchnopleure  fumisbes  ihe  muscaUture  of  tbe  intestinal  IrftCt. 

Parablastic  and  Archiblastic  Cells. — .\ccording  to  His,  the  blood  vessels, 
blood,  and  connective  tissue  are  not  developed  from  true  raesoblastic  cells,  but  be 
asserts  that  for  this  pur|>ose  certain  celU  wander  in  from  the  margins  of  the  blasto- 
derm between  the  einblast  and  hypoblast,  these  cells  being  derived  from  outside 
the  position  of  the  embryo,  from  the  elements  of  the  white  yelk.  His  calls  tbcae 
structures /ard^/dj//*-,  in  opposition  to  the  arehiblastii,  which  belong  to  the  three 
layers  of  the  embryo.  Waldeyer  also  adheres  to  the  parablastic  structure  of  Mood 
and  connective  tissue,  but  he  assumes  that  the  material  from  which  the  latter  is 
formed  is  continuous  protoplasm,  and  of  equal  value  with  the  elements  of  the 
blastoderm. 
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The  hypoblast  docs  not  undergo  any  change  at  this  time  ;  it  applies  itself  to 
the  inner  layer  of  the  mesoblast',  as  a  single  layer  of  cells,  to  form  the  splanchno- 
]>ieure. 

442.  FORMATION  OF  EMBRYO,  HEART,  PRIMITIVE  CIR- 
CULATION.—Head  and  Tail  Folds.— Up  to  this  time  the  embryo  lies 
with  its  three  layers  in  the  plane  of  the  layers  themsch'es.  The  cephalic  end  of 
ihc  future  embryo  is  first  raised  above  the  level  of  this  plane  (Fig.  665,  \*).  In 
front  of,  and  under  the  head,  there  is  an  inflection  or  lucking-in  of  the  layers, 
which  is  spoken  of  as  the  head-fold  (V,  r).  [It  gradually  travels  backward,  so 
that  the  embryo  is  raised  above  the  tevel  of  its  surroundings,]  The  raised  cephalic 
end  is  hollow,  and  it  communicates  with  the  space  in  the  interior  of  the  umbilical 
vesicle.  The  cavity  in  the  head  is  spoken  of  as  the  head-gut  or  fore-gut  (V,  D.). 
The  formation  of  the  fore-gut,  by  the  elevation  of  the  head  from  the  pbue  of 
the  three  layers,  occurs  on  the  second  day  in  the  chick,  and  in  the  dog  on  the  22d 
day.  The  tail-fold  is  formed  in  precisely  the  same  way,  in  the  chick  on  the  3d 
day,  and  in  the  dog  on  the  22d  day.  The  tail-fold,  S.  also  is  hollow,  and  the 
space  within  it  is  the  hind-gut,  tf.  Thus,  the  body  of  the  embryo  is  supported  or 
rests  on  a  hollow  stalk,  which  at  first  is  wide,  and  communicates  with  the  cavity  o( 
the  umbilical  vesicle.  This  duct  or  communication  is  called  the  omphalo-mes- 
enteric  duct,  or  the  viteUointestinal  or  vitelline  duct.  The  saccular  vesicle 
attached  to  it  in  mammals  is  i-nlled  the  umbilical  vesicle  (VII,  N>,  while  the 
analogous  much  larger  sac  in  birds,  which  contains  the  yellow  nutritive  yelk,  is 
called  the  yelk  3ac.  The  omphalo-mesenteric  or  vitelline  duct  in  course  of  time 
becomes  narrower,  and  is  ultimately  obliterated  in  the  chick  on  the  5th  day.  The 
point  where  it  is  continuous  with  the  abdominal  wall  is  the  abdominal  umbilicus, 
and  where  it  is  inserted  into  the  primitive  intestine,  the  intestinal  umbilicus. 

rSoinettmes  part  of  the  vitelline  duct  remains  aUachcd  to  the  intestine,  and  may  prove  dangeroos 
by  Dccontin)^  so  (lii^|ilaceL]  a.s  tu  constrict  a  loup  nf  intestine,  and  thus  cause  strangulatiun  of  the  gut.] 

Heart. — Before  this  process  of  constriction  is  complete,  some  cells  arc  mapjjcd 
off  from  that  part  of  the  splanchnopleure  which  lies  immediately  under  the  head- 
gut  ;  this  indicates  ih^  />i>sition  of  the  heart,  which  appears  in  the  chick  at  the  end 
of  the  firit  day,  as  a  small,  bright  red,  rhythmically  contracting  point,  i\\t  punctum 
stiliens,  or  the  orry/jn]  xivtiu/iiyrj  of  Aristotle.      In  mammals  it  appears  mvich  later. 

The  heart,  VI,  begins  first  as  a  mass  of  cells,  some  of  which  in  the  centre  dis- 
apf>ear  to  form  a  central  cavity,  so  thai  the  whole  looks  like  a  jiale  hollow  bud 
(originally  a  pair)  of  the  splanchnopleure.  The  central  cavity  soon  dilates  ;  it 
grows,  and  becomes  suspended  in  the  ccelom  by  a  duplicature  like  a  mesentery 
(mcsocardium),  while  the  space  which  it  occupies  is  si>oken  of  as  the/ovea  caniica. 
The  heart  now  assunes  an  elongated  tubular  form,  with  its  aortic  portion  directed 
forward,  and  its  venous  end  backward  ;  it  then  undergoes  a  slight /-shaped  curve 
(Kig.  675,  i).  From  the  middle  of  the  2d  day,  the  heart  begins  to  beat  in  the 
chick,  at  the  rate  of  about  40  beats  per  minute.  [It  is  very  important  to  note  that 
at  first,  although  the  heart  beats  rhythmically,  it  docs  not  contain  any  nerve  cells.] 

From  the  anterior  end  of  the  heart,  there  proceeds  from  the  bulbus  aorlse,  the 
aorta  which  passes  forward  and  divides  into  two  primitive  aortse,  which  then 
curve  and  pass  backward  under  the  cerebral  vesicles,  and  run  in  front  of  the  proto- 
vertebrre.  Opposite  the  omphalo-mesenteric  duct,  each  primitive  aorta  in  the 
chick  sends  off  one,  in  mammals  several  (dog  4  to  5).  omphalo-mesenteric  arteries 
(VI.  A,  tf),  which  spread  out  to  form  a  vascular  network  within  the  mesobSast  of 
the  umbilical  vcsirle.  From  this  network,  there  arise  the  omphalo-mesenteric 
veins,  which  mn  backward  on  the  vitelline  duct,  and  end  by  two  trunks  in  the 
venous  end  of  the  tubular  heart.  In  the  chick,  these  veins  arise  from  the  sinus 
_  terminalis  of  the  future  vena  terminalis  of  the  area  vasculosa.  Thus,  the  first 
■   or  primitive  circulation  is  a  closed  system,  and  functionally  it  is  concerned  in 
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carrying  nutriment  and  oxygen  to  the  embryo.     In  the  bird,  the  Utter  is ! 
through  the  porous  shell,  and  the  former  is  supplied  up  to  the  end  of  ii>ctibaUOB 
by  the  yelk.     In  mammals,  both  are  supplied  by  the  blood  \-essek  of  ibe  uurioc 
mucous  membrane  to  the  ovum.     In  birds,  owing  to  the  absorption  of  the  con- 
tents of  the  yelk   fac,    the  vascular  area   steadily  diminishes,  until    ullimatdy^ 
toward  the  end  of  the  period  of  incubation,  the  shriveled  yelk  sac  slips  into 
abdominal   cavity.     In   mammals,  the  circulation    on  the  umbilical  vesicle  i.  r.j 
through    the   omphalo-rocsenieric   vessels,   soon    diminishes,   while  the  ambtli 
vesicle  itself  shrivels  to  a  small  appendix,  and  the  second  circulation  is  fo 
to  replace  the  oraphalo-mcsentcric  sj-stcm.     The  first  blood  vessels  are  formed 
the  chick,  in  the  area  vasculosar  outside  the  position  of  the  embryo,  at  the  lait~ 
quarter  of  the  first  day,  before  any  part  of  the  heart  is  visible.     The  blood  veaeb 
begin  in  vaso-formative cells  [constituting  the  **  blood  islands"  of  Piioder}.     .Atf 
first  they  are  solid,  but  they  soon  become  hollow  (^§  7,  .A  k  f 

A  iMtrTow-meshed  plexus  of  tymphatits  u  formed  ui  the  are*  vuoilosa  of  the  duck  (A&),iHf 

it  coromuiiicatcs  wiih  the  amniotic  cavity  (,-1.  BuJ^t). 

443-     FORMATION     OF     THE     BODY.— Body-WaU.— (i)    Tim.. 
CGclom,  or  pleuro-peritoneal  cavity,  becomes  larger  and  Larger,  white  al  1 
same  time   the  difference  between  the  body-wall  and  the  wall  of  ibe  iotc 
becomes  more  pronounced.     The  latter  becomes  more  seioraled  from  the  pcoti 
vertebra?,  as  the  middle  plate  begins  to  be  elongated  to  form  a  njcscntery.     ~ 
body-wati,  or  somatopleure,  conii)osed  of  the  epiblast  and  the  outer  layer  of  it 
cleft  me^blast,  becomes  thickened  by  the  ingrowth  into  it  of  the  muscular  la; 
from  the  miiscle-platc,  and   the  ^wsition  of  the  bones  and  the  spinal  nerves  fr 
the  prolovcrtebrjc.     These  grow  iKtwecn  the  epiblast  and  the  outer  layer  of 
mesobiasi  {R^mak).     [The  soraatoplciire,  or  parietal  lamina,  from  each  side  gro 
forward  and  toward  the  middle  line,  where  they  meet  to  form  the  body-w:all,  wkile" 
at  the  same  time,  the  splanchnoplcure,  or  viscera!  lamina,  on  each  side  aUo  , 
and   meet  in   the  middle  line,  and  when   they  do  so,  ihcy  enclose  the  int 
Thus,  there  is  one  tulie  within  the  other,  and  the  space  between  is  the  pleura 
toneal  cavity.] 

(2)    Vertebral  Column. — A  dorsally  placed  structure,  called  the  muscle 
plate   I  Fig.   667,  ms.),  is  differentiated  from  each  of  the  proto\'ertebre  ;   the 
renuinder   of  the  prolovertebrx,  the  prolovertebra  proper,  coalesces  with  ilul  on  ^ 
the  other  side,  su  that  both  completely  surround  the  chorda,  to  form  the  men-fl 
brana  reuniens  inferior,  in  the  chick  on  the  3d,  and  in  the  rabbit  on  the  lothV 
day,  while,  at  the  same  time,  they  close  over  the  medullary  tube  dorsally,  in  the 
chick  at  the  4th  day,  to  form  ihe  mcmbrana  reuniens  superior  {Urukrrtw^ 
Thus,  there  is  a  union  of  the  masses  of  the  protovertebrae  in  frffiit  of  the  medal- 
lary   lube,   which  encloses  the  chorda,  and   represents  the  basis  of  the  6mJies 
all  the  vertebrae,  while  the  membrana  reuniens  superior,  pushed  between  ihe  mc 
plates  and  the  epiblast  on  the  one  hand  and  the  medullary  tube  on  the 
represents  the  position  of  the  entire  vertebral  hmina  as  well  as  the  inicr\-< 
ligaments  between  them.     In  stjmc  rare  cases  the  membrana  reuniens  su|>erioc  is" 
not  developed,  so  that  the  medullary  inUe  is  covered  only  by  the  epiblast  (cpider- 
misj,  either  throughout  its  entire  extent,  or  at  certain  ports.     This  constitutes  tbc 
condition  of  spina  bifida,  or.  when  it  occurs  in  tbc  head,  hemicephalia.     The 
vertebral  column  at  this  membranous  stage  is  in  the  same  condition  as  the  i*eTlt- 
bral  column  of  the  cyclosiomata  (Petromyzon).     The  membranes  of  the  ^inal 
cord,  the   spinal  ganglia,  and   spinal  nervei  are  formed   from   the  xncmbram 
reuniens  superior. 

Lastly,  parts  of  the  somatopleures  also  grow  toward  the  middle  line  of  the  back, 
and  insinuate  themselves  between  the  muscle  plate  and  the  epiblast ; 
dorsal  skin  is  formed  {Remak). 


VISCERAL  CLEFTS  AND   ARCHES. 
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In  the  membranous  vertebral  column,  there  are  formed  the  several  cartih^nous 
vertebrre,  the  one  behind  the  other,  in  man  at  the  6th  to  7th  week,  although 
at  first  they  do  not  form  closed  vertebral  arches  ;  the  latter  are  closed  in  man  about 
the  4th  month.  Each  cartilaginous  vertebra,  howei-er,  is  not  formed  from  a  pair 
of  proto vertebrae,  i^e. ,  the  6th  cervical  vertebra  from  the  6lh  pair  of  prolovertebras, 
but  there  is  a  new  subdivision  of  the  vertebral  column,  so  that  the  lower  half  of 
the  preceding  protovertcbra  and  the  upper  half  of  the  succeeding  jtrolovertcbra 
unite  to  form  the  fmal  vertebra.  While  the  bodies  are  becoming  cartilaginous  the 
chorda  become!)  smaller,  but  it  still  remains  larger  in  the  intervertebral  disks.  The 
body  of  the  first  vertebra  or  atlas  unites  with  that  of  the  axis  tu  form  its  odontoid 

firocess,  and  in  addition  it  forms  the  arcus  anterior  atlantis  and  the   transverse 
igament  {Hassf).     The  chorda  can  be  followed  upward  through  the  ligamentum 
suspensorium  dentis  as  far  as  the  posterior  \>axx  of  the  sphenoid  bone. 

The  histo^enetic  formfttion  of  cartilage  frorn  the  indiHercnt  fonnativt;  cells  lakes  place  l>y 
divisioii  and  ^lowth  of  the  celts,  uiuil  they  uliimaicly  form  clear  nucleated  sacs.  The  cemcnl  sub- 
stance is  f)TOl<nM}'  lormed  l>y  the  outer  panis  of  the  cclh  (parietal  subfttAnce)  uniting  and  Kcrecing 
the  intercellular  substance.  It  is  supposed  Ijy  some  that  the  latter  contaiusfme  canals,  which  connect 
the  protoiilasm  of  ihe  adjoining  cells. 

Visceral  Clefts  and  Arches. — E^ch  side  of  the  cervical  region  contains  four 
slit-liko  openings — the  viscera/  il^fts  or  branchial  openings  {RatJike) ;  in  the  chick, 
the  upper  three  are  formed  at  the  3d,  and  the  fourth  on  the  4th  day.  Aliove  the 
slits  are  thickenings  of  the  lateral  wall,  whTch  con.stitiite  the  visceral  or  branchial 
arches  (Kig-  671)-  The  clefts  are  formed  by  a  perforation  from  the  fore  i;nt,  but 
this,  jjerhaps,  does  not  always  occur  in  the  chick,  mammal,  and  man  {//is),  and 
they  are  lined  by  the  cells  of  the  hypoblast.  On  each  side  in  each  visceral  arch, 
;>.,  above  and  below  each  cleft,  there  runs  an  aortic  arch,  five  on  each  side  (Fig.  665, 
IX).  These  aortic  arches  persist  in  fishes.  In  man,  all  the  slits  close,  except 
the  up|x;rmo.st  one,  from  which  the  auditory  meatus,  the  tympanic  cavity,  and  the 
Eustachian  tube  are  devclo[)ed.  The  four  visceral  arches  are  for  the  most  jjari 
made  use  of  later  for  other  formations  (p.  930- 

Primitive  Mouth  and  Anus. — Immediately  under  the  fore-brain,  in  the 
middle  line,  is  a  thin  spot,  where  there  is  at  first  a  small  depression,  and  ultimately 
a  rupture,  forming  the  primitive  oral  aperture,  which  represents  both  the  mouth 
and  the  nose.  Smiilarly,  there  is  a  depression  at  the  caudal  end,  and  the  depres- 
sion ullimately  deepens,  thus  coumiunicaiing  with  the  hind  gut  to  form  the  anus. 
When  the  latter  part  of  the  process  is  incomplete,  there  is  atresia  ani,  or  imper- 
forate anus.  Several  processes  are  given  off  from  the  primitive  intestine,  including 
the  liypoblast  and  its  muscular  layers,  to  form  the  lungs,  the  liver,  the  pancreas, 
the  caecum  (in  birds),  and  the  allantois. 

The  extremities  appear  at  the  sides  of  the  body  as  short  unjointed  stumps  or 
projections  at  the  y\  or  4ih  week  in  the  human  embryo. 

444.  AMNION  AND  ALLANTOIS.— Amnion.— During  the  elevation 

of  the  embryo  from  its  surroundings,  immediatel)  in  front  of  the  head  (at  the  end 
of  the  2d  day  in  the  chick),  there  rises  up  a  fold  consisting  of  the  epiblast  and  the 
outer  layer  of  the  mesoblast,  which  gradually  extends  to  lorm  a  sort  of  hood  over 
the  cephalic  head  of  the  embryo  (Fig.  665.  VI,  A).  In  the  same  way,  but  somewhat 
later,  a  fold  rises  at  the  caudal  end,  and  betwc^fn  both  along  the  lateral  borders 
similar  elevations  occur,  the  lateral  folds  (Fig.  665,  III.  A).  All  these  folds  grow 
over  the  back  of  the  embryo  to  meet  over  the  middle  hne  posteriorly,  where  they 
unite  at  the  3d  day,  in  the  chirk,  to  t'orm  the  amniotic  sac.  Thus,  a  t-ffrv/y  which 
becomes  filled  with  fluid — the  amniotic  fluid — us  developed  around  the  embryo 
[so  that  the  embryo  really  floats  in  the  fluid  of  the  amniotic  sac].  In  mammals^ 
also,  the  amnion  is  developed  very  early,  just  as  in  birds  (Fig.  665,  VII,  A). 
■   From  the  middle  of  pregnancy  onward,  the  amnion  is  applied  directly  to  the 
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chorion,  and  united  to  it  by  a  gelatinous  layer  of  tissue,  the  tunica  meda  of 
Bischoff. 

Amniotic  Fluid.— Thr  nmnjon,  and  the  allantots  lu  well,  are  formnl  only  in  tnammil^  Urdi^ 
anil  rqitilcs,  uhich  have  hence  bccit  callnl  amniota,  while  the  lower  virrlebralc'^,  which  an  denarf 
of  an  amnion,  are  calierl  anamnia.  Composition. — The  amniotic  fluid  is  a  clear,  mtm^ 
alkaline  fluid,  specific  gravity  1007  lu  lOIl,  cuutalnin^.  beu:les  epilheliuni,  lanugo  bairv.  |)  (n  }  pgr 
cent,  of  6xed  snlids.  .-Xniong  the  latter  arc  allnimiu  i,  i'q  to  )  per  cenl.i,  mucin,  ^^'^hitlin,  a  vitclUii^ 
like  body,  some  grape  &ugar,  urea,  ammonium  cortionaie,  very  probably  dcnved  from  the  deoaa{o> 
ailion  of  urea,  fiomelinies  lactic  acid  nnd  kreatinin,  calcic  sulphate  and  phosphate,  and  conuno))  1^ 
About  the  middle  of  pregnancy,  it  amounts  to  alKiut  1  -i  .5  kilo.  [3.2-5.3  '^It  *"^  '^  t^c  cxmI  il«ii 
0.5  kilo.  The  amniotic  fluid  is  of  fwtal  origin,  tn  \%  shown  In-  its  occurrence  in  birds,  and  is,  pcriuph, 
n  transudation  through  ihc  frelal  membranes.  In  mnmmflls,  the  urine  of  the  frexus  forms  part  vi  il 
during  the  second  half  of  pregnancy  {Giui/ri>w).  Iti  the  pathological  condition  of  hydrExninoa. 
the  blood  vcs-sch;  of  the  uterine  mucous  membrane  sccrHc  a  watery  fluid.  The  fluid  pfc«eT*es  iW 
fwtus  and  also  the  vetiscls  of  the  fcetal  membranes  from  mechanical  injuries :  It  permits  the  limls  ts 
move  freely,  and  itrotcds  them  from  growing  together;  and,  la»Oy,  it  i»  important  for  dilating  tW 
01  uteri  during  laW.  Thr  amnion  is  capable  of  contraction  at  the  7th  day  in  the  chick;  aai  ihu 
U  due  to  th«  !>mooth  muscular  tiliresi  which  are  developed  in  the  cutaneout  plate  in  its  mtsat<Utlk 
portion,  but  nerves  have  not  been  found. 

AUantois. — From  the  anterior  surface  of  the  caudal  end  of  the  embryo,  there 
grows  out  a  small  double  projection,  which  becomes  hollowed  out  to  form  a  su 
projecting  into  the  cavity  of  the  cixlom  or  pleuro-peritoneal  cavity  (Fig.  665);  it 
constitutes  the  a/Zan/ois.  and  is  formed  in  the  chick  before  the  5th  day,  and  ifi 
man,  during  the  ad  week.  Being  a  true  projection  from  the  hind  gut,  the  alUntoa 
has  two  layers,  one  from  the  hypoblast,  and  the  other  from  the  muscular  layer,  u 
that  it  is  an  offshoot  from  the  splanchnopleure.  From  both  sides,  there  pass  on  10 
the  allantois  the  umbilical  arteries  from  the  hypogastric  arteries,  and  they  ramify 
on  the  surface  of  the  sac.  The  allantois  grows,  like  a  urinary  bladder  gradu^ 
bein^  distended,  in  front  of  the  hind  gut  in  the  pleuro-[ieritoneal  cavity  toward  the 
umbilicus;  and  lastly,  it  grows  out  of  the  umbilicus,  and  projects  beyond  it  aloog- 
side  the  omphalo-mcsenteric  or  vitellir:ie  duct,  its  vessels  growing  with  it  (Fig.  665. 
VII,  a)  ;  but,  after  this  stage,  it  behaves  differently  in  birds  and  mammals. 

In  birds,  after  the  allantijis  pa&ses  out  of  the  umbilicus,  it  undergoes  great  deTclopnieal.  10  ^ 
within  a  short  time  it  lines  the  whole  of  the  interior  of  the  shell  as  n  highly  vaKnlaJr  and  MOnIa 
membrane.  lu  arteries  are  at  BrKt  branches  nf  the  primitive  nortx,  but  with  the  developmcot  of  At 
poMerior  extremities  ihey  appear  as  branches  of  ihe  hy]x>gft5tric  arteries.  Two  allanloidat  « 
umhilical  veint  proceed  from  the  numerous  capillaries  of  the  allantois.  They  pass  b«ckwanlliB«l|i 
the  umbilicus,  aiul  at  first  unite  with  the  omphalo  mesenteric  veins  to  Join  the  venous  end  of  tltebeaL 
In  birds  this  circulation  on  the  allaniou,  or  ueonJ  circuUtiiom^  \%  respiratory  in  funciMo,  n  U 
vessels  serve  for  the  exchange  of  gases  through  the  jrarous  shell.  The  circulation  gradually  IMMD 
the  respiratory  functions  of  the  umbilical  vesicle,  as  the  latter  gradually  becomes  smaller  and  aMSff, 
and  ceases  to  be  a  sufhcicat  respiratory  organ.  Toward  the  cud  of  the  period  of  inmbaitoo  die  dMck 
may  breathe  and  cry  within  the  shell  {Ariiloth^^n  proof  that  the  Tcspiratory  fuiicti<tn  of  thei 
is  [jartly  token  over  by  ibe  Iung.>v.  The  allantois  is  b1m>  the  excretory  organ  of  the  unnarr  1 
cms.  Into  it.s  cavity  in  mammals  the  ducts  of  the  primtiivt  kutneys,  or  the  Woi^ian  dmcl$,\^ 
but  in  birds  and  reptiles,  which  po<is»ss  a  cloaca,  these  open  into  the  posterior  wall  of  the  ckaca^ 
The  primitive  kidneys,  or  Wulnian  liodies,  con^iiit  of  many  glomeruli,  and  empty  tbctr  nrrmw 
throQgh  the  WolHiau  ducts  into  the  allantois  [in  bird^  into  the  cloaca),  and  the  »ccrctioa  pMftf 
through  the  allantoic,  per  the  umbilicu.s,  into  the  peripheral  part  of  Ihe  urinary  «ac.  Remak  foarf 
ammonium  and  uxlium  urate,  allflntotn,  grape  sugar,  and  salts  in  the  contents  of  the  aUanrwt-  Fim 
the  iith  day  onward,  the  nllantoib  of  the  chick  is  contractile  (  VHlpiitn\^  owing  id  the  laOMWirf 
smooth  fibreit  derived  from  the  splanchnopleure.  Lymphatics  accompany  the  tmncDB  flf  lb* 
arteries  (W.  Budgt). 

Allantois  in  Mammals. — In  mammals  and  man,  the  relation  of  the  alUotott 
issoit^ewhat  different.  The  first  part  or  its  origin  forms  the  urinary  bladder,  and 
from  the  vertex  of  the  latter  there  proceeds  throtigh  the  umbilictis  a  tube,  thr 
urachus,  which  is  open  at  first  (Fig.  665,  Vill,  a).  TTne  blind  i>art  of  the  sac  o< 
the  allantois  outside  the  abdomen  is  in  some  animals  filled  with  a  l1uid  like  tsrtDC 
In  man,  however,  thts  sac  disappears  during  the  ad  month,  so  thai  there  remaoi 
only  the  vessels  which  lie  in  the  muscular  part  of  the  allantois.     In  some  aainall^ 
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however,  the  allantois  grows  larger,  does  not  shrivel,  but  obtains  through  the 
urachus  from  the  b' adder  an  alkaline  turbid  thiid,  which  contains  some  albumin, 
sugar,  urea,  and  allantoin.  The  relations  of  the  umbilical  vessels  will  be  described 
in  connection  with  the  fuetal  membranes. 

445.  FCETAL  MEMBRANES,  PLACENTA.  FCETAL  CIRCU- 
LATION.—  Decidua. — When  a  fecundated  ovum  rcarhcs  the  uterus,  it  becomes 
surrounded  by  a  special  covering,  which  William  Hunter  (1775)  described  as  the 
tnembrana  decidua,  because  ic  was  shed  at  birth.  We  distinguish  the  decidua 
vera  (Fig.  665,  VIII, /),  which  is  merely  the  thickened,  very  vascular,  softened, 
more  spongy,  and  somewhat  altered  mucous  membrane  of  the  uterus.  [Some- 
limes  in  a  distrased  condition,  as  in  dybuienorrhcea,  the  superficial  layer  of  the 
uterine  mucous  membrane  is  thrown  off  nearly  en  masse  in  a  triangular  form  (Ftg. 
668).     This  serves   to  show  the 

shape  of  the  decidua,   which  is  ^■"^-  ^^• 

that  of  the  uterus.]  When  the 
ovum  reaches  the  uterus,  it  is 
caught  in  a  crypt  or  fold  of  the 
decidua,  and  from  the  latter 
there  grow  up  elevations  around 
the  ovum  ;  but  these  elevations 
arc  thin,  and  soon  meet  over  the 
back  of  the  ovum  to  form  the 
decidua  reflexa  (Fig.  665, 
VIII,  r).  At  the  ad  to  ^A 
month,  there  is  still  a  space  in 
the  uterus  outside  the  reflexa ; 
in  the  4th  month,  the  whole 
cavity  is  filled  by  the  ovum.  At 
one  part  the  ovum  lies  directly 

upon  the  d.  vera  [and  that  part  M**'-' 

is  spoken  of  as  the  decidua 
serotina],  but  by  far  the  great- 
est part    of   the  surface  of    the 

_...._   ;-    :_  1       >       '.i,    .1.  A <lif»ni«iu»rTh«al  membninB  Uid  open. 

ovum  IS  in  contact  with  the  le-  '  *^ 

flexa.     In  the  region  of  the  d.  serotina  the  placenta  is  ultimately  formed. 

Structure  of  the  Decidua  Vera.— The  d.  vera  at  the  y\  month  is  4  to  7  mm.  thick,  and  at  the 
4Lbonty  I  to  3  mm.,  and  it  no  longer  hns  any  epithelium;  hut  it  is  very  vascular,  and  U  [jossrs:icH 
of  lympliatics  around  the  glands  and  hlood  vessels  [Leopold),  and  in  its  loose  subMance  are  Isrjje 
round  cells  (dccidwo  cells — AW//.i^r},  which  in  the  dce|>er  parts  liecomc  changed  into  fibre  cclU — 
there  are  also  lymphoid  cells.  The  uterine  glaniis,  which  t>ccome  greatly  developed  at  the  com- 
fnencement  of  pregnancy,  at  the  3d  lo  the  ^tfi  month  form  non-cellular,  wide,  bulginjj  lube»,  which 
become  indistinct  in  the  later  months,  and  in  which  the  epiihctium  disappears  more  and  more.  The 
d.  reflexa,  much  thinner  than  the  vera  from  ilie  middle  of  pregnancy,  is  de\oid  of  epilbrtiuai,  and 
is  without  vessels  and  glands.     Toward  the  end  of  pregnanry  both  decidu:e  unite. 

The  ovum,  covered  at  first  with  small  hollow  villi,  issurrounded  by  the  decidua. 
From  the  formation  of  the  amnion  it  follows  that,  after  it  is  closed,  a  completely 
closed  sac  [masses  away  from  the  embryo  to  lie  next  the  primitive  chorion.  This 
membrane  is  the  "serous  covering"  of  v.  Baer  (Fig.  665,  VII,  j),  or  ihc  false 
amnion.  It  becomes  closely  applied  to  the  inner  surface  of  the  chorion,  and 
extends  even  into  its  villi.  The  allantois  proceeding  from  the  innbdicus  comes  to 
lie  directly  in  contact  with  the  ftelal  membrane;  its  sac  disappears  about  the  2d 
month  in  man,  but  its  vascular  layt;r  grows  rapidly  and  lines  the  whole  of  the  inner 
surface  of  the  chorion,  where  it  is  found  on  the  i8th  day  (Cos/e).  From  the  4ih 
week  the  blood  vessels,  alung  with  a  covering  of  connective  tissuCi  branch  and 
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penetrate  into  the  hollow  cavities  of  the  villi^  and  coropletely  fill  (henu  At  thu 
time  the  pninitive  chorion  disapjieani.  Thus,  we  have  a  stage  of  genera]  rascnlah- 
zation  of  the  chorion.  In  the  jilace  of  the  derivative  of  the  zona  pelhicida  ve 
have  the  vascular  villi  of  the  allaniois,  which  arc  covered  by  the  epiblastic  crlU 
derived  from  the  false  amnion.  This  stage  lasts  only  until  The  3d  month,  vrbefi 
the  chorionic  villi  disappear  all  over  that  part  of  the  surface  of  the  ovum  which  ii 
in  contact  with  the  decidua  reflcxa.  On  the  other  hand,  the  villi  of  the  chorioo, 
where  they  lie  in  direct  contact  wirh  the  decidua  serotina,  become  larger  and  mote 
branched.     Thus,  there  is  distinguished  the  chorion  laeve  and  c.  frondosum. 

The  chorion  laeve,  whicli  cousUts  o(  a  connect  ire -tissue  tnnirtx  covern)  externally  \>y  tenni 
layers  of  celU,  has  .1  few  )»-oiate<l  villi  at  wide  intervals  Between  the  chorion  and  the  aoiiuoo  a>  % 
getatinoiu  sub&tooce  (menntirasa  mtermedia)  or  uadevelopcd  connective  ti»uc. 

Placenta. — The  large  villi  of  the  chorion  frondosum  penetrate  into  the  tkne 

of  the  decidua  serotina  of  the   uterine  mucous  membrane.     [It  was  formerly  snK 

ix)sed  that  the  chorionic  villi  entered  the  mouths  of  the  uterme  glands,  bat  tne 

researches  of  Ercolani  and  Turner  have  shown  that,  although  the  uterine  gUadt 

enlarge  during  the  early  montlis  of  utcro-gestation,   the  villi  do  not  enter  thf 

glands.     The  villi  enter  the  crypts  of  the  uterine  mucous  membrane.     The  gUsds 

of  the  inner  layer  of  the  decidua  serotina  soon  disapjiear.]     As  the  villi  grow  into 

the  decidua  serotina,  they  ptsb 
Fig.  669.  .  '    -^  r 
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against  the  walls  of  the  large 
blood  vessels,  which  are  sini- 
lar  to  capillaries  in  structure, 
so  that  the  villi  come  to  be 
bathed  by  the  blood  of  the 
mother  in  the  uterine  sinnsei, 
or  they  float  in  the  cokml 
decidual  capillaries  (Fig.  645, 
Vir.  />).  The  villi  do  Mt 
tl  oa  t  naked  i  n  the  cna  tenul 
blood,  but  they  arc  covered  b^ 
a  layer  of  celU  derived  froai 
the  decidua.  Some  \ini,  vdli 
Imlbous  ends,  unite  firmly  with 
the  tissue  of  the  uterine  part  of 
the  placenta  to  form  a  fins 
bond  of  connectitm.  [The 
]>lacenta  is  formed  by  the 
mutual  intcrgrowlh  of  tfar 
chorionic  villi  and  the  dectdtti 
serotina.]  Thus,  it  consists  of 
a  foetal  part,  including  il 
the  villi,  and  a  matci^al  or 
uterine  part,  which  is  tbc 
very  vascular  decidua  serotina.  At  the  time  of  birth,  both  fiaru  are  so  fimJir 
united  that  they  cannot  be  separated.  Around  the  inarj^in  of  the  placenta  is  a  hrp 
venous  ves-vel,  i\\^  margina/  sinus  o(  the  placenta.  [Friedlander  foimd  the  uiertf* 
sinuses  below  the  placental  site  blocked  by  giant  cells  after  the  8th  month  of  p«t; 
nancy.  Leopold  confirms  this,  and  found  the  same  in  the  serotinal  veins.]  FuiiC* 
tions. — The  placenta  is  the  nutritive,  excretory,  and  respiratory  or;gsa  al 
the  fret  us  (§  368);  the  latter  receives  its  necessary  jjabulum  l>y  endosnoosbfrM 
the  maternal  sinuses  through  the  coverings  and  vascular  wall  of  the  villi  in  vW 
the  foetal  blood  circulates.     [The  placenta  also  contains  ^^c^jf^^.] 
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Human  pUcciilal  villi.     Blood  vcttch  Iflack. 
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[Structure. — A  piece  of  fresh  placenta  teised  in  normal  saline  solution,  shows  the  villi  i>rovided 
wiui  laiernl  ofTsboots,  and  consisting  of  a  conneciive-iissue  framework,  containing  a  capillary  network 
with  anerie*  and  veins,  while  the  villi  themselves  are  covered  hy  a  layer  of  somewhat  cuhical 
epithelium  (Fig.  669').] 

Uterine  Milk. — Between  the  villi  of  the  placenta  there  is  a  clear  fluid,  which 
contain;;  numerous  small,  albuminous  globules,  and  this  fluid,  which  is  abundant 
in  the  cow,  is  spoken  of  as  the  uterine  milk.  It  seems  to  be  formed  by  the  break- 
ing up  of  the  decidual  cells.  U  has  been  supposed  to  be  nutritive  in  function. 
[The  maternal  placenta,  therefore,  seems  to  be  a  secreting  stnicturc,  while  the 
Icetal  purl  has  an  absorbing  function.  The  uterine  milk  has  been  analyzed  by 
Gamgee,  who  found  that  it  contained  fatty,  albuminous,  and  saline  constituents, 
while  sugar  and  casein  were  absent.] 

The  investigations  of  Walter  show,  that  after  puisoning  pregnant  animals  with  strychnin,  morphia, 
veratiin,  curara,  and  ergotin,  these  »ul»tanccB  are  not  found  in  the  fcetus,  although  many  other 
chemical  substances  pass  into  it. 

[Savory  found  that  strychnin  injected  into  a  frttus  in  utero  caused  tetanic  con^nilsions  in  the 
mother  (bitch),  white  syphilis  may  be  communicoteil  from  the  father  to  the  mother  through  the 
medium  uf  tlie  fcrtus  {//ul(hirisi>n).  A.  Harvey's  record  of  observation*  on  the  crossing  of  breeds 
of  onimaU — chiefly  of  horses  and  aUied  species — show  that  materials  can  pass  from  the  fa-tua  to  the 
mother.} 

On  looking  at  a  placenta,  it  is  seen  that  its  villi  arc  distributed  on  large  areas  separated  from  each 
other  by  depcessians.  This  complex  arrangemeui  might  h^  compared  with  the  cotyledons  of  some 
animats. 

The  position  of  the  placenta  is,  as  a  rule,  on  the  anterior  or  posterior  wall  of  the  utems, 
more  rarely  on  Ihc  fundus  uicJi,  or  Inlerally  from  the  oi»cning  of  the  Faliojjian  lube,  or  over  ibc 
interna]  orifice  of  the  cervix,  the  last  constitutmg  the  condition  of  placenta  praevia,  which  is 
a  very  dangerous  fonn  of  placental  insertion,  as  the  placenta  has  to  be  ruptured  before  birth  can 
take  place,  so  that  the  mother  often  dies  from  hemorrhage.  The  umbilicil  cord  may  l)c  inserted 
in  the  centre  of  the  placenta  {inseriio  ccntralh),  or  more  toward  the  margin  {im,  margina/ts), 
or  the  chord  may  be  tixed  to  the  chorion  laevc.  Sometimes,  thouph  rarely,  there  arc  small  sub- 
sidiary placentae  (//.  iureeHinnaia),  in  addition  lu  the  large  one.  When  the  placenta  consists  of 
two  halves,  it  is  called  duplex  or  bipnilite,  a  condition  said  by  HyrtI  to  be  constant  in  the  apes 
of  the  old  world. 

Structure  of  the  Cord. — The  umbilical  cord  (48  to  60  cm,  [20  to  24  inches] 
long,  1 1  to  13  mm.  thick)  is  covered  by  a  sheath  from  the  amnion.  The  bluou 
vessels  make  about  forty  spiral  turns,  and  they  begin  to  appear  about  the  second 
month.  [The  cause  of  the  iwisiiDg  is  not  well  understood,  but  Virchow  has  shown 
that  capillaries  pass  from  the  skin  for  a  short  distance  on  the  cord,  and  they  do  so 
unequally,  and  it  may  be  that  this  may  aid  in  the  production  of  the  torsion.]  It 
contains  two  strongly  muscular  and  contractile  arteries,  and  one  umbilical  vein. 
The  two  arteries  anastomose  in  the  placenta  {I/yrti').  In  addition,  the  cord  con- 
tains the  continuation  of  the  urachus,  the  hjiwblastic  portion  of  the  allantois  (Fig. 
665,  VIll,  a),  which  remains  until  the  second  month,  but  afterward  is  much 
shriveled.  The  omphalo-mesenteric  duct  of  the  umbilical  vesicle  (N)  is  reduced 
to  a  thread-like  stalk  (Fig.  665,  VIII,  D).  Wharton's  jelly  surrounds  the 
umbilical  blood  vessels.  Wharton's  jelly  is  a  gclatinous-Iike  connective  tissue, 
consisting  of  branched  corpuscles,  lymphoid  cells,  some  connective-tissue  fibrils, 
and  even  elastic  fibres.  It  yields  mucin.  It  Is  traversed  by  numerous  juice  canals 
lined  by  endothelial  cells,  but  other  blood  and  lymphatic  vessels  are  absent. 
Nerves  occur  3-S-11  cm.  from  the  umbilicus  {Schotl,  Vakntin). 

The  foetal  circulation,  which  is  established  after  the  dt;velopment  of  the  allan- 
tois, has  ihe  fallowing  course  (Fig.  670J  :  The  blood  of  the  fcetus  jiasscs  from  the 
hypogastric  arteries  through  the  two  umbilical  arteries,  through  the  umbilical  cord 
to  the  placenta,  where  the  arteries  split  up  into  capillaries.  The  blood  is  returned 
from  the  ])lacenta  by  the  umbilical  vein,  although  the  color  of  the  blood  cannot 
be  distinguished  from  the  venous  or  impure  blood  in  the  umbilical  arteries.     The 
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umbilical  vein  (Fig.  673,  3,  u)  returns  to  the  urabilicits,  passes  upward  under  the 
margin  of  the  liver,  gives  a  branch  to  the  vena  portae  {a),  and  runs  as  Ihc  dactns 

venosus  into  the  inferior  vena  cavi. 
Fir.  670.  which  carries  the  blood  into  the  right 

auricle.  Directed  by  the  Easuchtia 
valve  and  the  tubercle  of  Lower  (Fig. 
675,  6,  /Z),  the  great  mass  of  tbe  Uood 
passes  through  the  foramen  ovale  tnto 
the  left  auricle,  owing  to  the  pitjepce 
of  the  valve  of  the  foramen  ovale.  From 
the  left  auricle  it  passes  into  the  left 
ventricle,  aorta,  and  hyi>ogastric  arte- 
ries, to  the  umbilical  arteries.  ~ 
blood  of  the  superior  vena  cava  of  I 
fietus  pasties  from  the  right  auricle  itili 
the  right  ventricle  (Fig.  675.  6,  O). 
From  the  right  ventricle  it  passes  tata 
the  pulmonary  artery  (Fig.  675,  7,  /j» 
and  through  the  ductus  arteriosus 
Botalli  {S)  into  the  aorta.  There  arc, 
therefore,  two  streams  of  blood  in  the 
right  auricle  which  cross  each  othcrr  the 
descending  one  from  the  head  through 
the  superior  vena  cava,  passing  in  (rant 
of  the  transverse  one  from  the  inferwr 
vena  cava  to  the  foramen  ov-alc]  OtJ; 
a  small  amount  of  the  blood 
through  the  as  yet  small  branches  oft 
pulmonary  artery  ro  the  lungs  (Fig.  675, 
7,  /,  2).  The  course  of  the  blood  maki 
it  evident  that  the  head  and  upper  li 
of  the  fcetu.s  are  nourished  by  puirr 
blood  than  the  remainder  of  the  tninlu 
which  is  supplied  with  blood  mixed  witlki 
the  blood  of  the  superior  vena  cava* 
After  birth,  the  umbilical  arteries-  are 
obliterated,  and  become  the  lateral  ligaments  of  the  bladder,  while  iheir  lower 
parts  remain  as  the  suiierior  vesical  arteries.  The  umbilical  vein  is  obliterat 
and  remains  as  the  ligamentum  teres,  or  round  ligament  of  the  liver,  and  so  u 
ductus  venosus  Arantii.  Lastly,  the  foramen  ovule  is  closed,  and  the  ductus 
osus  is  obliterated,  the  latter  forming  the  lig.  arteriosus. 

The  condition  of  the  membranes  vhere  (here  arc  more  fnrtiues  ihan  one:  (1)  Mfhh  t««» 
there  are  two  completely  «cpanued  ova,  with  two  placeiMo:  and  tvo  detidmx  rcflexK.  (2)  T«9 
completely  separated  ova  may  have  only  one  reflexa,  whcrci»y  the  plicenbr  grow  tofcthc*,  «hi2e 
their  blood  vessels  renuin  dtstincl.  The  chorion  15  actually  double,  bat  cuiCKM  be  uiwiiu  J  iam 
two  lamelU-  at  the  point  or  uniop.  1 3)  t>nc  rcHcxa,  ooc  chonon.  one  placeou,  two  anfaOic^  oeriiK 
and  two  aronia.  The  vessels  anastomose  in  the  placenta.  In  thi^  cax  there  is  oc»c  orvfli  wiifc 
3  double  yelk,  or  with  two  qcmuital  te^icks  in  one  yelk.  14I  .\5in  i3),l>ut  oolyoike  aarafam,  casBcl 
by  tbe  fonnation  of  two  cmbrycrt  in  the  mric  blastoderm  of  the  same  camioal  vesicle. 

Formation  of  the  foetal  membranes. — The  oldest  tnammaU  have  no  placents  or  ttmbtlkal 
vessels;  thee  are  the  Mammalia  implacenialia,  including  the  mooetrrmata  mn^  manatjia&K.  TW 
second  group  include:)  the  Mammalia  placentalia.     .\moDf  these  (a'  1..  r-.-deciouata  pos- 

sess only  chorionic  villi  suj>|>lio3  t<y  the  umbilical  veueU,  whicn  project   1  '  «~C5sioits  of  ibe 

tiierine  mucotu  mennbrane.  and  from  which  they  are  paUed  out  at  l«ri;,  ^ ..  ._;,,iut*,  ^e-*  I^^bj" 
dermata,  cetacea,  solidun^Ia.  camclidxi.  In  the  ruminanfi,  the  villi  arc  arraj^ed  in  gimm  or 
cotyledons,  which  grow  into  the  uterine  macoos  membrane,  from  which  ihey  are  palJed  ooii  M  wfk. 


Coune  of  tbe  (betal  eircuUtlon  {0*UitJ\. 


I 


CHRONOLOGY  OF  HUMAN  DEVEU>PMENT, 


929 


I 


(b)  In  the  deciduata,  there  is  such  a  firm  unioo  b«tweeD  the  chorionic  villi  with  the  uterine  mucous 
merobrane,  that  the  uterine  part  of  the  placenta  comes  away  with  the  fcptol  part  at  binh.  In  this 
case  the  phicenta  is  either  zonary  (cArnivora.  pinnipedia.  elephant)  or  discoid  (apex,  iiuectivora, 
cdentata,  rodeotia). 

446.  CHRONOLOGY  OF  HUMAN  DEVELOPMENT.— Developtnent  during  the 
ist  Month. — At  the  isih-ijth  day  the  ovum  is  saccular  (5.5  mm.  and  3  mm,  in  diameter) ;  there  is 
simply  the  blastodcrtnic  vesicle,  with  the  blastoderm  at  one  part,  consisting  of  two  layers;  the  zona 
pellucida  beset  with  small  villi  (Reichert).  At  the  I5th-t6th  day  the  ovum  (5-6  mm.)  is  covered 
with  liimple  cylindrical  villi.  'Vhc  zona  pellucida  consbts  of  embryonic  connective  tissue  covered 
with  a  layer  of  flaitcned  qiithelium.  The  primitive  groove  and  the  laminn;  dorsate.*!  appear.  Then 
follows  the  stage  when  the  atlantois  is  lir>l  formed.  At  the  I5th-i8th  day  Coste  investigated  on 
ovum.  It  was  13.2  mm.  long,  with  sTnntl  branched  villi;  ttte  embryo  itself  was  3.2  mm.  long,  uf  n 
curved  form,  and  with  a  moderately  enlarged  cephalic  end.  The  amnion,  umbilical  vesicle  with  a 
wide  vitelline  duct,  and  the  allantois  were  developed,  the  last  alreadjr  united  to  the  false  amnion. 
The  S  shaped  heart  lies  in  the  cardiac  cavity,  ihows  a  cavity  and  a  bulbous  aortir,  Inil  neither  ouii- 
clcs  nor  ventricles.  The  visceral  archea  and  clefts  arc  indicated,  but  ihcy  are  not  perforated.  The 
omphttlo-mesenleric  vessels  forming  the  first  circulation  on  the  umbilical  vesicle  are  developed,  the 
duct  (vitelline)  is  still  quite  open,  and  two  primitive  aortK  run  in  front  of  the  prolovertcbr.c.  The 
allantoic  attached  to  the  foetal  mcmbranas  is  provided  with  blood  vessels.  The  two  omph.nlo-mesen- 
leric  veins  unite  with  the  two  umbilical  veins,  and  pass  to  the  venous  cnti  of  the  heart.  The  mouth 
is  in  process  of  formation.    The  limbs  and  sense  organ*  absent ;  the  Wolffian  bodies  probably  present. 

At  the  20th  day  all  the  visceral  arches  arc  formed,  and  the  clefts  arc  pcrforatc<l-  The  mid-brain 
fonns  the  highest  part  of  the  brain,  while  the  two  auricles  appear  lu  the  heart.  The  connection  with 
the  umlilicaT  vesicle  is  still  moderately  wide.  The  embyro  is  2.6-3.3-4,  mm.  long,  while  the  head 
is  turned  lu  one  side  {//ii).  At  a  &li^tly  later  period  the  temporal  and  cervical  flexures  take  place, 
and  the  hemUpheres  apjiear  more  prominently;  the  vitelUne  duct  is  narrowed,  thepasitionof  the  liver 
w  indicated,  while  the  limbs  are  still  absent  (//«)- 

At  the  2isi  day  the  ovum  is  13  mm.  long  and  the  embryo  4-4.5  n;ra.;  the  umbilical  vesicle  a. 2 
mm.,  and  the  intestine  almost  closed.  Three  branchial  clefts,  VVolfiiaii  bodies  laid  down,  and  the 
Jfrtt  appear<tnc€  of  the  Hmbs,  three  cerebral  vesicles,  auditory  capsules  present  ( A".  iVa^ncr).  l^ostc 
also  obser\'cd,  in  addition,  the  nasal  pits,  eye.  the  opening  for  the  month,  with  the  frontal  and  superior 
maxillary  processes,  the  heart  with  two  ventricles  and  two  auricles. 

End  of  the  lat  Month. — ^Tbe  embryos  of  25-2S  day.i  arc  characterized  by  the  dbtinctly  stalked 
condition  of  the  umbilical  vesicle  and  the  distinct  presence  of  limbs.  Size  of  the  ovum,  17.6  mm.; 
embryo,  13  mm.;  umbilical  vesicle,  5  5  mm.,  with  blood  vessels. 

ad  Month. — The  embryos  of  218-35  ^^y^  "*  more  elongated,  and  all  the  branchial  clefts  are 
closed  except  the  first.  I'he  allantois  has  now  only  three  ve&sel.s  as  the  right  umbitic.1l  vein  is 
obliterated.  At  the  5ih  week  the  nasal  pits  are  united  with  the  an^le  of  the  mouth  \yy  furrows, 
which  close  tQ  form  canals  at  the  6th  week  ( Toli/t).  At  35-42  days  the  rmsal  and  oral  orifices  are 
separated,  the  face  is  flat,  the  limb.<i  show  three  divisions,  the  toes  are  not  so  sharply  defined  as  the 
fingers.  The  outer  ear  appears  as  a  low  projedion  at  the  7th  week.  The  Wolffian  bodies  are 
much  reduced  in  si/e.     length  of  body  at  7ih  to  Slh  week,  i.(>-4.i  cm. 

End  of  the  ad  Month. — Ovum,  6)2  cm  ;  villi,  1.3  mm.  long  ;  the  circutntiou  on  the  umbilical 
vesicle  has  disappeared;  embryo,  26  mm.  long,  and  weighs  4  grammes.  Eyelids  and  nose  present, 
umbilical  cord  «  mm.  ^ong,  abdominal  cavity  closed,  ossiHcation  beginning  in  the  lower  jaw,  clavicle, 
ribs,  bodies  of  the  vertcbrvc;  sck  indistinct,  kidneys  laid  down. 

3d  Month.- — Ovum  as  large  as  a  goose's  egg,  Iwginning  of  the  placenta,  embryo  7-9  cm.,  weigh- 
ing 20  grammes,  and  is  now  sjraken  of  as  a  foetus.  External  ear  well  formed,  umbilical  cord  7  cm. 
long.  Beginning  of  the  dilTcrencc  between  the  sexes  ui  the  eittemal  genitals,  umbilicus  in  the  lower 
fourth  of  the  tinea  alba. 

4th  Month. — Kietus,  17  cm.  tang,  weighing  [20  grammes;  sex  distinct,  hair  and  nails  beginning 
to  be  formeil,  placenta  weighs  -So  grammes,  umbilical  cord  19  cm.  long,  umbilicus  above  the  lowest 
fourth  of  the  liiiea  alba,  contractions  or  muveracnts  of  the  limbs,  meconium  in  the  intestine,  skin  with 
blood  vessels  shining  through  it,  eyelids  closed. 

5th  Month.^P'ceius,  length  of  body,  9.7-14.7  cm.,  towl  length  18  to  2S  era.,  weighing  2S4 
grammes;  hair  on  the  head  and  lanugo  distinct ;  skin  still  somewhat  red  and  thin,  and  covered  with 
vemix  caseosa  ({  387,  2),  is  less  transparent;  weight  of  placenta,  178  grammes;  umbilical  cord,  31 
cm.  long.  • 

6th  Month. ^ — Ffctus,  length  of  body,  15-18. 7,  total  length,  29-37  *^'^-'  weighing  634  grammes; 
lanugo  more  abundant;  vernix  more  abundant;  testicles  in  the  abdomen;  pupil'ary  uiembrnne  and 
eyelashes  present;  meconium  in  the  large  intestine. 

7th  Month. ^Fceius,  length  of  liody,  18-22.8,  total  length.  35-38  cm.,  weighing  1218  grammes; 
the  descent  of  the  testicles  begins — one  testicle  in  the  inguinal  canal,  the  eyes  open,  the  pupillary 
membrane  often  absorbed  at  its  centre  in  the  28th  week,  [n  the  brain  other  hssurcs  are  formed 
besides  the  primary  ones.     Tlie  ftetus  is  capable  of  living  independently.     At  ihc  beginning  of  this 

Cifi  a  centre  of  ossification  in  the  os  calcis. 
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Bth  Month,— F>^iis.  lrnf;;1h  of  body.  24-27. S,  tnial  length  42  cm.,  weighing  1.5  10  X  kOg^  (3,3 
to  4.4  IK'S.  I ;  hair  01  Uic  hcftd  nlmnilnnt,  1  jt  cm.  long,  nans  ^iib  ft  hdoU  iDorgin,  umKliau  Wov 
the  middle  of  ihe  linea  olba.  qoc  Icsiicic  in  the  scroium. 

gth  Month.— KcLttts,  length  of  body,  30-37,  loUl  length,  47-67  cm.,  weighiag  *a34  (bubbwi, 
nnd  it,  not  distinguish  able  from  lh=  child  at  the  full  period. 

FcBEus  at  the  Full  Period.— I^englh  of  l>ody,  51  cm.  [20  inches],  weight. 3<l^  kilos.  [7  Da.], 
Unugo  present  only  on  Oie  aliciuldcn,  skin  white.  The  nailii  cf  ibe  Hugen  project  beyond  ibc  tip 
of  the  fingers,  umbilicus  ^li^htty  t>cluw  the  middle  of  the  linea  alia.  The  centre  of  onificatioa  in 
the  lower  epiphysis  of  the  femur  is  4  in  S  mm.  broad. 


Period  of  Qeatation  or  Incubation  (S^Afmi). 


21 


Coluber 

Hen \ 

Duck,     .    .   .    .  / 

Goo*e 39 

Stork 4a 

Cassowary.    ...  65 
Mouse, 24 


Rabbit,  .,..}. 
Hare f- 

Rat 

Giiinea<pig,    .    .    . 

Ct. \ 

Mancn,      .   .    .  / 


Uog,  .  . 
Fox,  .  . 
Foumart, 

Badger, 
Wolf.      . 
I  Jon, 


Sheep,    .  . 

Goal.      ,  . 

Roe.   .    .  . 

Bear.  .    .  , 
SfBkll  apes. 

Deer.      .  . 

Womu).  . 


.  .  ai 


Hone,  Camel,  13  months;  Rhinoceros,  18  months;  and  the  Elephant,  24  months. 
Limitation  oftbe  supply  of  O  lo  eggs  during  incubation,  leads  to  the  formation  of  dwarf  dMbh 


447.  FORMATION  OF  THE  OSSEOUS  SYSTEM.— Vertebral  Column.— The i 
cation  of  the  vertebrae  bej^ins  At  (he  8tli  to  the  oth  week,  and  tirat  of  all  there  is  a  centre  Is  cadt 
vertebral  arch,  then  a  cetitre  i&  formLil  in  ibc  body  behind  the  cliorda,  which,  however,  it  coaipaKd 
of  two  closely  ap|v><;ed  centres.  At  the  5th  nionib  the  omcohs  matta  has  reached  itic  tutr.>cc.  ibc 
chorda  wilhiu  the  ImiIv  of  the  vertebra  is  compreucd;  the  three  parts  unite  in  the  1st  year.  IW 
atlas  bA»  one  centre  iti  the  RDtcrinr  arch  and  two  in  the  posterior;  they  unite  at  the  ^d  yew.  Tkl 
c{)utrophcus  has  a  centre  at  the  1st  year.  The  three  points  of  the  sacral  veitebrse  unite  or  aadMai 
between  the  2d  and  the  bth  year,  nnd  all  the  vertebm;  (sacral)  become  uiulef*  lo  form  one  tmiy 
between  the  iSth  and  25lh  years.  Each  of  the  four  coccygeal  vertebrw  has  a  centre  from  the  lrtl» 
loth  year.  The  vcriebrnr  in  later  years  produce  i  lo  2  centres  in  each  process;  I  lo  2  ccnttna 
each  tronsvcrse  process;  i  in  the  raimillary  process  of  the  iDmhor  vertebne;  and  I  10  each  articafar 
process  (8  to  15  years).  Of  (he  upper  ami  under  surfaces  of  the  body  of  a  vertebra  each  Snrm»  n 
epiphyscnl  thin  osseous  plalc.  which  may  slill  be  visililc  at  the  20th  year,  (irotips  of  the  cell*  of  die 
chorda  are  still  to  be  found  within  the  intervertebral  disks.  M  long  as  the  coccygeal  vertctw.  ilte 
odontoid  process,  and  the  base  of  the  skull  arc  cartilaginous,  ihey  still  contain  the  remains  of  tke 
chorda  (//.  A/uJ/t^r).  The  coccygeal  votehtn:  form  the  tail,  and  they  originally  project  in  man  like 
a  tail  (Fig.  665,  IX,  T't,  which  is  ullimoicly  covered  over  by  the  growth  of  the  soft  pans  (//it). 

The  ribs  bad  out  from  the  protovenebrie,  and  are  represeniea  on  each  verteltra.  The  ibcnbc 
ribs  become  canilagioous  in  the  2d  month  und  gruw  forv  ard  into  the  wall  of  the  chest,  whcrebylbe 
seven  upper  unes  are  united  by  a  median  portion  i/Calh/kt'\,  which  represents  the  position  ofonr  half 
of  the  »ernum,  and  when  the  two  halves  meet  in  tht  middle  Une  the  sternum  is  formed.  When  tb* 
does  not  occur  we  have  the  condition  of  the  cleft  atemum.  At  the  6th  month  there  is  a  centre  of 
ossification  in  the  manubrium,  then  4  to  13  in  pairs  in  ilie  body,  and  i  in  the  ensiform  ptoctaa 
Each  rib  has  a  centre  of  ossit'icatioii  in  its  body  at  the  2d  month,  and  at  ihc  Slh  to  I4lh  00c  ■•  dia 
tubercle  and  another  in  the  head.  These  anchylose  .it  the  I4ih  to  251b  year.  SomcCiisca  ccrrkal 
ribs  arc  present  in  man,  and  they  are  largely  dcvclci>ed  in  birds. 

The  skull. — The  chorda  extends  forward  into  the  axial  part  of  the  baie  to  the  sphcncid  boM- 
The  skull  at  tirM  '\s  membranous,  or  the  primordial  cranium;  at  the  2d  month  the  boil  par 
tion  twconies  cartilaginous,  including  the  occipital  t>nne,  except  the  upper  half,  the  antoior  aird 
posterior  pnrt  and  wing^  of  the  5}>henoid  bone,  the  pctrou»  port  and  mastoid  process  of  the  tesf^aral 
bone,  the  ethmoid  with  the  nasal  septum,  and  the  du-tiliginous  part  of  the  nose.  The  other  pan  <d 
the  skull  remain  membranous,  so  that  there  is  a  cartilaginous  and  membranous  primordial  ctwiHUk. 

I.  The  occipital  bone  has  a  centre  of  ossification  in  the  ba-silar  [kuI  at  the  jd  moath,  and  taata 
the  condyloid  \ian  and  another  in  the  fossa  cerebelli,  while  thercr  are  iwq  centres  in  the  mcmbeaaav 
cerebral  fossae.  1  he  four  centies  of  the  body  unite  during  intta-uterine  life.  All  the  oikcr  |ffn 
unite  at  the  Ist  to  2d  year. 

II.  The  post -sphenoid. — From  the  3d  month  it  has  two  centres  in  the  selU  turcica.  t«o  ia  tW 
sulcu<;  coroticus,  two  In  both  great  wings,  M-hich  also  form  tlie  lamina  c«(cnu  of  Ihe  lAeryccMl  p» 
cess,  while  the  non -cartilaginous  and  i^reviously  formed  inner  lamina  arise*  from  the  superior  aiasil- 
lary  process  of  the  tirst  branchial  arch.  During  the  first  half  of  fn-tal  life  the»e  centres  umte  tsftr 
as  the  great  wings;  the  ilorsum  sell.T  and  the  cltnoid  process,  as  far  as  the  s>'nchondro«i»  i;.hcsii 
occipitalis,  are  still  cartihginous,  but  they  ossify  at  the  I3ih  year. 

III.  The  pre-aphenoid  at  the  Sth  month  tus  two  centres  in  the  small  wings  and  two  in  ibeiiBlf. 
At  the  6tli  muntli  they  unite,  but  cartilage  is  still  found  within  them  even  at  the  tjth  year. 


DEVELOPMENT  OF   THE   OSSEOUS   SYSTEM. 


931 


ZV.  The  ethmoid  has  a  centre  in  (he  labyriDth  at  the  5tb  aionth,  then  in  the  1st  ycM* »  centre  m 

:e  central  lamina.     They  unite  about  the  3th  or  6th  year. 

V.  Among  the  membranous  bones  nretlie  inner  lamina  of  the  pter>'goid  process  (one  centre), 
fhe  up})er  half  of  the  tabular  plalf  of  the  occ:i|iitAl  (two  potnis),  the  pjrietal  bone  (one  centre  in  the 
parietal  eminence),  the  frontal  bone  [one  double  centre  in  the  frontal  eminence),  three  small  centres 
in  the  na&al  lijiine,  spina  trt>cblenns  and  zygomatic  process,  na«al  (one  centre),  Ine  eilges  of  the  parie* 
tal  bones  (one  centre),  the  tympanic  ring  (one  centre),  the  lachrymal,  vomer,  and  intermaxilliiry 
bone. 

'Die  faciei  bones  are  intimately  related  to  the  lran<iformalion<i  of  the  hrattf^inl  nrtkes  o^nA  hran» 

hti defti  (Fig.  671 1.  '['lie  median  end  of  the  first  branchial  arch  projects  inward  from  each 
•We  toward  the   Urge   oral   m»erture.      It  has  two  processes, 

the  superior  maxillary  process  which  grows  more  laterally  Frc  671. 

toward  the  side  of  the  mouth,  and  the  inferior  maxillary 
process,  which  surround'*  the  lower  mnrgin  of  the  momh 
(Kig.  665,  IXU  Krom  above  downward  there  grows  a*  an 
elongaiioD  of  the  liasis  cranii  the  frontal  process  {i\.  n 
broad  process  with  a  point  {y^  at  its  lower  and  outer  angle, 
the  inner  nasal  process.  The  frontal  an<l  ibe  superior  maxil- 
lary processes  (r)  unite  with  each  other  in  such  n  way  that 

the   former  projects  between   tlie  two   !alter.     At  the  same  ^^^^^^^^^^^^^ 

lime  there  ia  nncbylo^<l  wiih  the  superior  maxillaiy  process  ^^^^^^H^^^ft^^^ 't'' 

the  small  external  nasal  process  \h),  a  prolongation  of 
the  lateral  part  of  the  skull,  and  lying  nlwve  the  superior 
maxillary  process,     between  the  latter  and  ihc  outer  na^al 

procegs.  is  ft  slit  leading  to  the  eye  (t).     Thus  the  month  is        / '        ""^^"S^-^B k' 

cut  off  from  the  na.<ial  apertures  which  lie  alove  it.  Hut  the 
separation  is  continued  also  within  the  m<iuih ;  the  superior 
maxill.-ir>'  proce-is  produces  the  upper  jaw,  the  nasal  process, 
and  the  iiucrma.\illar)-  process  ( Gottht) — the  latter  is  present 
in  man,  but  is  united  to  the  upper  jaw.  Tlie  intermaxillary 
bone,  which  in  many  aninutis  remains  as  a  separate  bone  (c« 
incisivura),  carries  the  inciiwr  teeth.     At  the  9th  week  the  "mJ  ^f  •'"bn'orabbiiof  iocla>-*  (v  „|.  «. 


eye ;  at,  atriiim  or  prlmttWe  auricle  of 
heart:  h.  aortic  Imlb :  *',  k" .  It^'  first 
fniandihtilar),  ^ecniid  (hyoKl),  third  (lit 
firanchialy  viKcnil  Arch  :  m,  raouih;  t, 
siipcTlwr,  ittiil  M,  infcriiff  m^iallbry  pn>- 
rx*%  ;  t,  inid>bnin;  ».  pun  of  head  aad 
fore-brain .-  v,  rentricK  of  heart. 


hard  palate  i«  closed,  and  on  it  rests  the  septum  of  the  nose, 

descending   vertically  from   ibe  fionlal  i^rocess.     The  lower 

jaw  is  f-irmed  from  the  inferior  mamillary  process.     At  the 

circumference  of  the  oral  aperture  the  li|»  and  the  alveolar 

walls  arc  formed.     The  tongue  isfuimed  Iwhind  the  point  of 

the  union  of  the  second  and  tliird  branchial  arches  (Mi); 

while,  according  to  Born,  it  is  formed  by  an  iotcrmediale  part  between  the  inferior  maxillary  pro* 

cew^e*. 

The^e  transform  at  ions  may  be  inlerrupted.  If  the  frontal  process  remains  separate  from  the  supe- 
rior maxillary  processes,  then  the  mouth  is  n^t  sepnraicd  from  ilic  nose.  This  hC[>amiion  may  occur 
only  in  the  so(t  parts,  constituting  hare-lip  (  Fig.  672') ;  or  it  may  involve  the  har<l  palate,  constitut- 
ing cleft  palate.      Roth  conditi-jns  may  occur  on  one  or  both  sides.      Krom  the  po>tcriur  part  of  the 


Fin.  672. 


Fig.  673. 


FtC.  67*  — Hare-Hii  on  the  left  »(de. 

Fic.  673. — iDDcr  vle«r  of  ihc  lower  jaw  of  nn  embrj'o  pie  3  inches  Urns  f  X  jM).    Mi^,  Mcctccl'*  carliJace :  it,  dcnury 
Uine  :  I'r,  coronold  process ;  or,  anicular  procew  (condyle) ;  .«^,  apgutar  procev«;  W,  malleus  :  m^,  manubriuni. 

6r&t  branchial  arch  are  formed  the  mit/Uus  (ossified  ac  the  4tb  month),  and  Meckel's  cartilage 
(Fig.  673).  which  proceeds  from  the  latter  lichind  the  tympanic  ring  as  a  lon^  cartilaginnus  process, 
extending  along  the  inner  side  of  the  lower  jnw,  almost  to  iu  middle.     It  dt^ipjiears  iifier  the  6th 

Eis  posterior  part  forms  the  internal  lateral  ligament  of  the  maxillary  articulation.   Near 
s  the  malleus  is  the  processus  Foiti  {BaHmOi/tr),    A  part  of  its  medion  end  osstfiesi 
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and  unites  wtih  Ihe  lower  jaw.  Tlie  lover  jaw  U  laid  down  iomeinlirinc  firooi  the  fini  bnneUtl 
arch,  wliile  the  angle  aad  coodrle  are  formed  (uym  a  cani'nginous  proceu.  The  union  of  U4h  faoon 
to  fomi  the  chin  occurs  at  the  ist  year.  Kmm  the  superior  mixiliarj  procem  are  fonned  the  iuicr 
lainclla  of  the  pteryRoid  process,  ttie  palatine  process  of  the  ujiper  jaw,  and  the  jialaUne  bone  al  iIik 
end  of  the  2d  rnonih,  and  lastly  the  mnlar  bone. 

'llie  second  arch  [Ami/],  ansing  from  the  lempiral  bone,  and  running  parallel  with  the  lita 
arch,  gives  nse  to  the  stapes  (allhough  accurdinit  to  :>alen&ky.  this  is  derived  (torn  (he  first  areh),  itit 
emineniia  pyrainldali^,  with  the  stapedius  muscle,  the  inctu,  the  styloid  priKcM  nf  thr  ieai{»<ral  l«ar, 
ihe  (formerly  canilo^inou*^)  stylo-hyoid  ligament,  the  smaller  curna  of  ilie  hyoid  bone,  and  larilf 
ihr  glo»o- palatine  arch  {//is). 

1'he  third  arch  {/Ayro-Jk^oia)  ibmis  the  greater  cornu  and  tmdy  of  the  hyoid  Itooe  ami  ih« 
pharynyo-pal aline  arch  [//is). 

The  fourth  arch  gives  rise  to  the  thyroid  cartilage  {//it). 

Branchial  Clefts.— The  jinf  branchial  or  visceral  is  reprcscnie^l  I>y  the  e>tcmal  audmrT 
meatus,  the  tympanic  caviiy,  and  the  Eusuchtan  tube ;  all  the  other  clefu  cltMC.  ShottU  ou 
or  other  of  the  clefts  remain  open,  a  condition  that  h  someiimct  hereditary  in  some  faartifi. 
«  cervical  fistula  results,  and  it  may  be  formed  either  from  without  or  « itbin.  SonaiMS 
only  a  blind  diverticulum  remainii.  Kninchiogenic  tumors  and  cysu  depend  upon  the  braodibl 
archest  (A*.   V'olkntattn). 

[Relation  of  Branchial  Clefts  to  Nerves. — It  is  important  to  note  that  the  clefts  in  fnwd  of 
Ihe  mouth  (preorali,  ond  those  behind  it  (poat-oral),  have  a  relation  to  certain  nerves.  The  Itti- 
rymaliWi  between  the  frontal  and  nasal  processes  Is  supplied  by  the^*-//  divhiifn  of  the  m^'frnimm. 
I  he  wrtirt/  s/if  between  the  superior  maxillary  process  and  the  nasal  process  is  supplied  bj-  ihc  Uht 
cation  of  the  thirj  netTf.  TUe  en'ai  de/i,  between  the  superior  matillary  procciMrs  and  th*-  ii»n4 
I'Ular  orch.  is  supplied  by  the  sfconi/  <mJ  thir^  divisiitm  (/  tht  tri^emmm.     The  t  >  .!  or 

tympanic- Eustachian  cleft,  between  the   mandibular  arch   (1st)  and   the    hyoid  nrdi,  '  t^ 

they>D/-/ii>  dura.  The  next  cleft  \f.  siipjjlied  by  ihe  gtoito-pharyn-;/al,  and  the  succeoiiuii  uciu  \tf 
brunches  of  the  vagus.] 

The  thymus  and  thyroid  glands  are  formed  as  paired  diverticula  from  the  ciMtheliam  covetUf 
the  branchial  arches.  The  epithelium  of  the  lo&t  two  clefis  does  not  disapi<ear  (pig),  Iml  pnl'kr 
otes  and  pushes  inward  cylindrical  processes,  which  develop  into  two  epiiheliit  vt-uclcs,  the  \mn^ 
commencement  of  the  thyroid  glands.  Th^se  vesicles  have  at  tirst  a  central  ^Iti.  which  cumwai 
cates  fi  ith  the  pharynx  ( tVolfier).  Accor<ling  to  Kb,  the  thyroid  glami  appears  as  ao  qinWh* 
vesicle  in  the  region  of  the  2d  pair  of  v<5c*ral  arches  in  front  of  ih;  tongue — in  man  flC  the  4A 
week.  Solid  buds,  which  ultimately  become  hollow,  are  given  off  from  the  caviiy  in  the  centred 
the  embryonic  thyroid  gland.  The  two  glands  ulttnntely  unite  together.  The  only  epithelial  fSA 
of  the  M^wruf  which  rem.iins  is  the  so-called  conL'entrtc  corpuscles  (p.  198).  According  to  Bom 
tills  gland  ii  a  diverticulum  from  the  3d  cleft,  whil;  His  ascribes  its  origin  to  the  4ih  and  Jtb  ooflk 
arches  in  man  at  the  4ih  week.  The  carotid  gland  is  of  epithelial  origin*  being  a  variety  cf  At 
thyroid  {Stinia). 

The  Extremities. — 'Ihe  origin  and  coune  rif  the  nerves  of  the  brachial  ulexns  (p.  6fi6)  sfco* 
that  the  «//Vr  ext/ymify  was  originally  placed  much  nearer  to  the  cranium,  while  the  poaitUMi  of  the 
/Mferior  jiair  corresponds  to  the  last  lumbar  and  the  3d  or  4ih  sacral  vcneltric  (//it). 

The  clavicle,  according  to  Bruch.  is  not  a  membrane  Iwne,  but  is  fomird  in  cartilage  Uke the 
furculum  of  binls  (  Crgrn/'aurrV  At  the  3d  month  il  is  foar  times  as  large  as  the  upper  kmb;  A  ts 
the  tirst  bone  to  ossiTy  at  the  7tn  week.  At  puberty  n  sternal  epiphysis  is  formed.  KpbtenMl  baar« 
must  be  referred  to  the  clavicles  iCStit).  Kugc  regards  pieces  of  caniliges  existing  betwccft  tte 
clavicle  and  the  sternum  as  the  analogues  of  the  episteriium  of  animals.  The  clavicle  is  ahsarit  It 
many  mammals  (camivora) ;  tt  is  very  Ur^e  in  tlying  auimats,  and  in  the  rabbit  is  half 
Tlic  furculinn  of  birds  represents  the  united  clavicles. 

The  scapula  at  tirst  it  united  with  the  clavicle  (A'ttfiift  GMe),  and  at  the  end  of  theftd 
it  has  B  median  centre  uf  ov^ittcalion,  which  rapidly  extends.  Morphologicatlr,  the  accesaoiy  cnAv 
in  the  coracoid  process  is  interesting;  the  latter  also  fonns  the  upjicr  part  of  (be  articuUr  wirfact 
In  birds  the  corresponding  ^uucture  forms  the  coracoid  bone,  and  Is  united  wiih  the  atereumi 
while  in  man  only  a  manhranous  tmnd  stretches  from  the  tip  of  the  coracoid  proceaa  10  the  SKnan- 
The  long,  ba.sal,  osseous  snip  coiresponds  to  the  $Hpra-sfa^lar  lone  of  many  uiimala.  Tht  olha 
centres  of  oasiticaiion  arc — one  in  the  lower  angle,  two  or  three  in  the  acromion,  one  in  the  aitka- 
lar  surface,  and  an  inconstant  one  in  the  spine.     Complete  (oiuoliduioa  occurs  ni  pulienv. 

The  humerus  u<»iriesat  the  8th  to  the  9th  week  in  its  sliaft.     The  other  ecu 
upper  epiphysis,  and  one  in  the  capiiellum  (Ist  year);  one  in  the  great  tulxi 
smalt  tulifpjsity  (2d  year) ;  two  in  the  condyles  (5th  lo  loth  year) ;  one  iu  the  Ux....  ^  ■  i. 
The  epiphyses  unite  uith  the  shaA  at  the  i6th  to  3oih  year. 

The  radius  ossi6cs  in  the  shaft  at  the  3d  month.     The  other  centre*  are— one  in  the  II 
phjrsis  (5th  year),  one  in  the  ut>per  (6th  year),  and  an  inconstant  one  in  the  tuhemeitf,  and  one  « 
atyloid  process.     They  unite  at  puberty 

The  ulna  also  osufies  in  the  shaft  at  the  3d  month.    There  U  a  centre  in  (he  lower  cad  (M 
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),  two  it;  tlic  olecranon  (iiih  to  I4ih  year),  and  on  inconstant  one  in  ibe  coronoid  process,  and 
one  in  tlie  styloitl  process.     They  consolidate  at  puberty. 

The  carpus  is  arranged  in  mamnuls  in  t«o  rows.  TIxe  first  row  contains  three  bones — the 
radial,  Intermediate,  and  ulnar  bonti.  In  man  these  are  represented  l»y  the  scaphoid,  semi-lunar, 
and  cuneiform  bones ;  the  |>isiform  is  only  a  sesamoid  bone  in  the  tendon  of  the  tlexor  car^n  ulnoriii. 
The  second  row  really  consists  uf  as  many  bones  as  there  are  digits  {f.  v..  snlomnnder).  In  man 
the  common  position  of  the  4th  and  jlh  lingers  is  reprcsenlcil  by  the  unciform  bone.  Moiphologi- 
cally,  it  is  interesting;  to  olnerve  that  an  os  centrale,  corresponding  to  rhc  ns  carpale  ceiilrale  of 
reptiles,  amphibi.ins,  and  some  mammals,  is  formed  at  first,  but  disappears  at  tbe  }t\  month,  or  unites 
with  the  scaphoid.  Only  in  vtr>-  rare  cases  is  it  persistent.  All  the  carpal  bones  are  cartilaginoui 
at  birth.  They  os^fy  as  follows;  Os  mag- 
num, unciform  ilst  year),  cuneiform  (3d  year),  Fig.  674. 
trapezium,  semilun.ir  (3th  year),  scaphoid  (6th 
year),  trapezoid  (7th  year),  and  pisiform  (l2th 
year). 

The  metacarpal  bones  have  a  centre  in 
their  diaphyscs  at  the  end  of  the  ^ti  month ,  and 
so  have  the  phalanges.  All  the  phnlangcii  and 
the  hrsi  bone  of  the  thumb  have  ilicir  caniUgi- 
nous  epiphyses  at  the  cenlral  end,  and  ihc  other 
melacarpal  bones  at  the  pcripher.il  end,  so  that 
the  first  hone  of  the  thumb  la  to  be  re(;ardcd  as 
a  phalanx.  Tlie  epiphyses  of  the  metacarpal 
Ixtnes  ossify  at  the  2d,  aud  those  of  tlic  pha- 
langes at  the  3d  year.  They  consolidate  at 
puberty. 

Tbe  innominate  bone,  when  cartilaginous, 
Coiuiils  of  two  parts — the  pubis  and  ihe  ischium 
{Hosen/t^rc).  Ossification  begins  with  ihrcc  cen- 
tres— one  in  the  ilium  (id  to  4lh  month),  one  in  I 
the  descending  ramus  of  the  ischium  (4lh  to  3th ' 
month),  one  in  the  horizontal  ramus  nf  Ihc  pulii^ 
(5th  to  7th  monih).  Between  the  6ili  to  the 
I4lh  year,  three  centres  ar<:  fL>rmed  where  the 
bodies  of  the  three  Iwnes  meet  in  the  acetabu- 
lum, another  in  the  superficies  auiicularis,  and 
one  in  the  symphysis.  Other  accessory  centres 
ore:  One  in  the  anterior  inferior  spine,  the 
crcsu  of  tiic  ilium,  the  tul^^rosity  and  the  spine 
of  the  ischium,  the  tuberculum  pubis,  eminentJa  Ccotrei  of  osHfication  of  ihc  mnoroinjiie  Ume. 

iliopectinea,  and  floor  of    the  acetabulum.     At 

first  the  de-cending  ramus  nf  the  pubis  and  the  ascending  ramus  of  the  ischium  unite   at    the   7th 
to  8th  year;  the  Y-shaped  suture  in  the  acetabulum  remains  until  puberty  (Fig.  674). 

Tbe  femur  bns  its  middle  centre  ac  the  end  of  the  zd  month.  At  birth,  there  is  a  centre  in  the 
lower  epiphyses;  slightly  later  in  the  head.  In  addition,  there  b  one  in  the  great  trochanter  (3d  to 
nth  year), one  in  the  lesser  trochanter  (13th  to  I4lhyear|,  two  in  the  condyles  (4th  to 8th  year);  all 
unite  alicut  the  time  of  puberty.  The  patella  w  a  sesamoid  bone  in  the  tendon  of  the  ijuadriceps 
ferroris.     It  is  cirtilagnous  at  the  2d  mnnih,  and  ossifies Trom  the  isi  10  the  3d  year. 

The  taraua  generally  rcfcmbles  the  carpus.  The  o-i  cakis  ossifies  at  the  beginning  of  the  7ih 
month,  the  astragalus  at  the  beginning  of  the  Sth  month,  ihe  cuboid  at  the  end  of  the  loth,  the 
scaphoid  (ist  105th  year),  the  I  and  II  cuneiform  (3d  year),  and  the  III  cuneiform  14th  year).  An 
accessory  centre  is  Tonned  in  the  heel  of  the  calcaneum  at  the  5th  to  loth  year,  which  cansuHdales 
at  puberty. 

The  metatarsal  bones  are  formed  lilte  the  metacarpals,  only  later. 

(^Histogeneaia  of  Bone. — The  great  majority  of  our  bones  ore  laid  down  in  cartilage,  or  are 
precedc<l  by  a  cartilaginous  stage,  including  the  bones  of  Ihc  limbs,  backbone,  base  of  the  skull, 
sternum,  and  ribs.  These  consist  of  mdid  masses  uf  hyaline  cartilage  covered  by  a  membrane, 
which  is  identical  with  and  ulumntely  l>ecomcs  the  periosteum.  The  formation  of  bone,  when  pre- 
ceded by  cartilage,  is  cnllcil  endochondral  bone.  Some  bono,  such  lis  the  ubuiar  buncs  of  (he 
vault  of  the  Cranium,  the  facial  bones,  ami  part  of  the  lower  jaw,  arc  not  preceded  by  cartilage. 
In  the  latter  there  is  merely  a  membrane  present,  while  from  and  in  it  ihe  future  Ifone  is  formed.  It 
becomes  the  future  periosieam  as  well.  Thi^  b  called  the  intra-tnembranous  or  periosteal  mode 
of  formation  ] 

[  Endochondral  Formation. — ( i )  Tlir  cartilage  has  the  shape  of  tbe  future  bone  only  in  minia- 
ture, and  It  is  covered  with  periosteum.  In  the  cartilage  an  opanuc  spot  or  centre  of  ossification 
appears,  due  to  the  deposition  of  lime  salts  m  its  matrix.     The  cartilage  cell*>  proliferate  in  this  area. 
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but  the  first  bone  is  fonned  tinder  the  pcnofteam  in  the  shaft,  so  that  «o  mwo>u  came  like  9\ 
surroundE  the  carlila};^.  ThU  boo«  ii  rormed  by  the  sub-periosteal  osteoblasts.  <  a^  Bknid  ^tmAi, 
accompanied  by  cMteublo&U  aad  connective  iLssue,  grow  into  ibe  cartilage  fron  the  ctdto^gaiie  hats  d 
the  periosicuni  ( /vriat/At/  pronsiei  of  Virchow),  so  that  the  caniUge  beoookes  tAmxmt^^  aid  rm 
atiar.  As  the^c  chaoneU  extead  they  open  into  the  already  eolirged  canilaee  Ifi^nT.  thmmy^im 
of  the  matrix  taking  pUcc,  while  other  parts  of  the  cartilaginous  nutria  beoonc  Citdfal-  Th»  i 
series  of  cavities,  bounded  ))>■  caJcitied  caniUge  —the  pnmary  meduUmiy  eavicics — arc 
They  contain  the  primary  or  cariila^e  marrcnv,  consiiUDg  of  blood  venck.  ovtcoUHls,  and 
daat^,  carried  in  from  the  oAteogeoic  layer  of  the  pcrio^etmi,  and  of  coarK  the  CArUlaMCEfii  iIm 
have  been  litwrated  from  their  lacuna-.  (3)  The  osteoblasts  arc  nnw  in  the  toicrior  of  ibc  cstifa^ 
where  theydispo^  themselves  on  the  calciiied  cartilage,  and  secrete  orfonn  aroood  tboB  as  Mans 
matrix,  thus  enclcaiog  the  catcthed  cartilage,  while  tbe  oueoblast»  themselves  beDome  eabeMcd  ta 
the  products  of  thdr  own  activity  and  remain  aa  bone  corpuaclea.  Itone  therefore  ia  at  fcst  ^Q^ 
bone,  iu>d  as  the  primary-  medullary  spaces  gradually  h^ome  tilled  up  by  dcv  oaseoas  mana  f 
become*  denser,  while  the  calcified  canilagc  is  gradually  absorbed.  It  ia  to  be  reamnbcnd  iloi, 
f>a'%  passu  with  tbe  deposition  of  the  new  botie,  bone  and  cartilage  are  beiog  absorbed  (7  tfe 
oateoclaats.] 

Chemical  Composition  of  Bone. — Dry  bone  contains  t^  of  organic  matter  or  o— ia,  fro 
which  gelatin  can  be  extracted  by  prolonged  boiling;  and  about  ^\  mioeral  matter,  whi^  ooasMsrf 
neutral  calcic  phosphate,  57  per  cent. ;  calcic  carljonale,  7  per  cent. ;  magna.ic  phosphate,  I  U  2  ps 
cent.;  calcic  tluonde,  I  per  cent.,  with  traces  of  chlorine;  and  water,  about  33  per  ceoL  TV 
marrow  contains  fluid  fnl,  albumin,  hy[x>xanthin,  cholcslerin,  and  extractivea.  The  re<i  mane* 
contains  more  iron,  corresponding  to  its  larger  proportion  of  harmogtobin  i^Xas$€\. 

[Tbe  medullary  cavity  of  a  long  bone  is  occupied  by  yfilaw  marrow,  which  coniains  abo«  4fr 
per  cent,  of  fat.  The  reii  marrow  occun  in  the  ends  of  long  bones,  in  the  Aoi  bon^  of  the  iMl 
aad  in  some  short  bones.  It  contains  very  little  fat,  and  is  really  lymphoid  ia  iu  cbaractcra,  boB^ 
in  fact,  a  blo&ti-fi*rmiHg  tis:tu  (p.  53).] 

Growth  of  Bones. — I^ng  bones  grow  in  thickness  by  tbe  depontioo  of  new  bone  fhw  Ike 
periosteum,  the  usleoblasts  becoming  embedded  In  the  o&seous  matrix  tu  form  the  i^nt  cmfmniti 
Some  of  the  fibres  of  the  connective  tinue,  which  are  caught  up,  3»  it  were,  in  the  proeeaa,  ivatia 
as  Sharpey's  Abrea,  which  arc  calcified  fibres  of  white  fibrous  tis&ue.  bolting  tcmeiher  Uw  oalphafc 
lamellK.  [MUller  and  Schflfer  have  shown  thai  there  are  also  fibres  in  the  perjpbetic  tam^x,  cii» 
parable  lo  yellow  clastic  tibrcs;  they  brauch,  5Uiii  deeply  with  magenta,  sal  are  beat  derclepcd  ia 
tbe  bones  of  birds.] 

[At  the  same  time  that  bone  is  being  deposited  on  the  sor&ce,  it  »  being  absorbed  in  the  amw 
cavity  by  the  action  of  the  osteoclasta,  so  that  a  metallic  ring  placed  round  a  bone  ia  a  yos( 
animal  ultimately  comes  to  lie  in  the  medullary  caviiy  {Duft.jmil).  The  growth  in  len^h  tale 
place  by  the  continual  gtowtb  and  ossification  of  the  qMjihysca]  cartilage.  The  cartilage  bgrsdaair 
absorbed  from  below,  hut  it  proliferates  at  tbe  fame  time,  50  that  what  is  lost  in  one  dircciioa  it  <acR 
than  mode  up  in  the  other  {/.  //un/rr).] 

When  the  growth  of  bone  is  at  an  end,  the  epiphysis  liecomes  united  to  the  diaphyus,  ibe  i^iitJiparf 
canilagc  itself  becoming  ossilied.  tt  is  not  definitely  proved  whether  there  is  an  inter^tial  r  ipainiia 
or  gmwib  of  ihc  true  ojioeous  8ul»tance  itself,  as  maintained  by  Wolff  (|  244,  9 1. 

JHowship's  Lacanc. — The  osteoclasts  or  myeloplaxes  are  lor^c  multinncleaf'  giaxM  n&s 
which  erode  Ixxie.  They  can  be  seen  in  great  nuniberh  lying  in  small  depressions  ootrei|io«iUaf  to 
them — Howship's  lacun:e — on  the  fang  of  a  tem[>orary  tooth,  when  it  is  bang  absorbed.  T\tKf  im 
readily  seen  in  a  microscopical  section  of  j^pon^y  bouci  with  (he  soft  pnrt^  preserver).  ] 

The  form  of  a  lx)iie  is  influenced  by  external  condition*.  Tlie  liones  are  stronger  the  greater  the 
activity  of  the  muscle<r  acting  on  them.  If  pressure  acting  normally  upon  a  l>otie  be  remored,  the 
bone  develops  in  the  direction  of  least  resistance,  and  becomes  thicker  in  that  directioo.  Baar 
develops  more  slowly  on  the  side  of  the  greatest  external  pressure,  and  it  ts  curved  by  witiaufil 
pressure  yLesihaft). 

44B-  DEVELOPMENT  OF  THE  VASCULAR  SYSTEM.  —  Heart.  —  [Thr  heat 
appears  as  a  solid  mats  of  cells  in  the  splanchnopleure.  at  the  front  end  of  the  embryo,  iinntediairtT 
under  the  "  foregut."  Very  soon  a  cavity  appears  in  this  mass  of  cells;  some  of  Ibe  latter  float  Erec 
in  the  fluid,  whilr  ihe  cetUilar  wall  begins  to  fiuisate  rhythmically,  lliis  hollow  cellular  sCnkClOfc 
elongates  into  a  tub?,  which  very  soon  assumes  a  shafie  somcwbai  h1ce  an  S  1  Kig.  675,  1 1],  and  tbev 
are  indicatinns  of  its  being  subdivided  into  (0)  an  upper  uuriic  pan  with  tbe  bulbus  arteriosaa  : 
(^)  a  middle  or  ventricular  part ;  and  (f)  a  lower  \'enou5  or  auriculat  part.  The  hean  tbca 
carves  on  itself  In  the  form  of  a  liorseshoc  (2),  so  that  the  venous  end  \A\  comes  to  tie  above  nd 
slightly  behind  the  nnerial  end.  On  the  right  and  left  side,  re*[)ectiv«ly,  of  the  vctK<u5  p«n  ia  a 
blind  hollow  outgrowth,  which  fomu  tbe  large  auricle  on  each  side  (3,  «.  ^).  The  tleinre  o<^  the 
body  of  tbe  hcan  corrc<>ponding  to  ihe  great  curvature  (2,  f  "|  is  divided  Into  two  lar^  coaipan' 
ments  (3*1,  the  division  t>eiiig  indicated  by  a  slight  depression  on  the  surface,  Tlie  Isr^e  Umou 
venosus  (4,  v),  which  jntn^  with  the  middle  of  the  posterior  wall  of  the  aDricnlar  pan.  is  oivfBtei 
of  ihe  superior  and  inferior  venre  cav.!.'.     This  common  trunk  it  absorbed  at  a  later   period  Into  the 
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enlarging  auricle,  aod  thus  orbe  ihe  st^iinte  terminaUoos  of  the  aupcrior  and  inferior  venae  cava*. 
In  nian.  the  heart  soon  comes  to  lie  in  n  special  cavity,  which  in  pan  is  boun<l«d  by  a  ]>ortion  of  (be 
diaplimgm  {His).  At  ihe  4th  to  5th  week,  the  heart  begios  to  be  divideJ  iiUu  a  right  and  a  left 
half  Corresponding  to  the  position  of  the  vertical  vcntriciilnr  furrow,  a  septum  grows  upward  verti- 
cally in  the  interior  of  the  heart,  and  divides  thv  ventricular  pirt  into  a  right  and  left  ventricle  (5, 
J?,  i).  There  ia  n  constriction  in  ibt*  heart,  between  (he  nuticular  nnd  ventricular  portions,  forming 
the  canalis  auricularis.  Ii  contains  a  comrouoication  between  the  auricle  and  both  vetitricles, 
lying  between  an  anterior  and  posterior  projecting  lip  of  endothelium,  from  which  the  auriculo- 
ventricular  valves  are  formed  [F.  ScAmiJ/).  The  ventricular  septum  grows  upward  toward  the 
canalis  auricularis,  and  is  complete  al  the  8th  week.  Thus,  the  largK  undivided  auricle  communi- 
cates by  a  right  and  left  auriculo-vcntriculai-  ojwning  with  the  corresponding  ventricle  (S).  At  the 
same  time  (wo  septa  (4,  yt  <r)  iipjxar  in  the  interior  of  the  truncus  arteriosus  (4,/),  which  utti- 
maiely  ine«(,  and  thus  divide  this  tube  into  two  tubes  (5, »/),  the  latter  fonning  the  aorta  and 
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tVwvloiimenl  of  \}\e  hurl,  t,  Early  appmrinc*  of  iha  Heart— ",  norlic  part,  with  the  Inilbu^.  h ;  r,  venotis  end,  >, 
H or«c»Koc -stuped  curving  nf  vat  fKAn—«,  aortic  en<l,  with  the  bnlnut,  6 :  ^^  ventricle  ;  .1,  KuHcuIar  part.  3, 
Formaiion  of  u>v  aiirtciittir  ajipendase^,  c,  c, ,  anO  Ihc  eiitental  furrow  in  lh«  v«niricl«.  4.  Cnminencinj;  divuion 
of  the  aorta,  /.  into  two  liibe^,  «.  ^,  View  iron  hehind  of  the  opened  .iiiricle,  v,  v,  inf?  the  /.,  and  K,  vcn(ricl««, 
and  belwccii  tac  two  latter  the  prnjectins  ventricular  nc^lum,  while  the  aon^  la)  ^n<l  uulmunary  artery  (^) 
open  into  ihelr  rie«|iec:lirc  venlricle*.  (,  Rebliitn  nf  the  nrificcs  cif  ihc  iiiperxirC  Q)  and  in/erior  vena  cava  (CV|  w 
(lie  auricle  (tchcmaitc  view  from  above) — x,  direciioOKf  the  bloudurthe  supcHar  vena  cava  into  the  rifht  auricle  ; 

{'.that  of  the  inferior  cava  to  ihe  teft  auricle;  //.,  lulxrrvleof  Lower      7,  Heart  of  the  ripe  firllu— A,  right.  L, 
eft  ventricle  ;  4,  aorta,  with  the  innominate,  c,  c,  carnlid,  .c,  and  left  itibdavlart  artery,  i-;  B,  ductus  aneriMus: 
^,  pulmODKry  artery,  with  the  small  brancliek  /  and  J,  to  the  lun^. 


I 


pulmonary  artery,  and  are  disixised  toward  each  other  like  the  tube;;  in  a  double-barreled  gun. 
The  septum  grows  downward  umd  it  meets  the  ventricular  septum  (5),  so  that  the  right  ventricle 
comes  to  be  connectctl  with  the  pulmon&ry  artery,  and  the  left  with  the  aorta.  The  division  of 
the  truncus  arteriosus,  however,  takes  place  only  in  the  first  part  of  its  course.  The  division  does 
not  lake  place  above,  so  that  the  pulmonary  artery  and  aorta  unite  in  one  common  trunk  above. 
Thi«  communication  between  the  pulmonor^'  arter)-  and  the  aorta  is  the  ductus  arteriosus  Botalli 

In  the  auricle  a  septum  grows  from  ihe  front  and  behind,  ending  internally  with  n  concave  mar- 
gin. The  ven.i  cava  superior  |6,  Cs)  lerminates  to  the  right  of  this  fold,  so  that  its  blood  will  tend 
(o  go  toward  the  right  veniricic,  in  the  direction  of  the  arrow  in  6,  x.  The  cava  inferior,  on  the 
other  hand  (6,  Ci),  opens  directly  opposite  the  fold.  On  the  left  of  its  orifice  the  valve  of  the  fora- 
men ovale  is  formed  by  a  fold  growing  toward  the  auricular  fold,  so  that  the  blood  current  from  the 
inferior  vena  civo  goes  only  to  the  /f//,  in  the  direction  of  the  arrow,  v;  on  the  right  of  the  orifice 
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of  the  CAva,  nnd  opposite  the  fold,  is  the  EuMachifto  valve,  which,  in  coDJmctioo  with  (W 
tul>erc1c  of  Lower  (//.),  directs  ihc  .vtronn  from  the  inferior  vena  cav*  to  the  left  tnto  (he  Icb 
Buricle,  through  the  pervious  foramen  ovale.  Compare  the  fcrtal  circuIaHon  (p.  ^iH)-  Aitei  binh, 
the  valve  of  the  foramen  ovale  closes  that  aperture,  while  the  ductus  aneriosiu  also  IwcDtnet  inpcr* 
vious,  !io  thnl  (he  blood  of  the  pulmonary  artery  is  forced  to  go  through  ibc  pulmanary  tnaiuui 
proceeding  to  the  expanding  lungs,  SHiietimcs  the  foramen  ovale  remains  pervious,  civini;  rikc  to 
scriouH  symptoms  after  a  time,  and  conMiliiling  morbus  ceruleua. 


i. 


Fig.  676. 
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The  aortic  archn.  i.  The  fiml  puvition  of  ilic  1.2,  and  3  arches,  i.  5  Aortic  arclics  :  h*.  cvmmanaaitfcm^]^ 
dei'ccndins  aorta.  3.  DUa|>f>carancc  af  the  upper  (wo  nrchct  on  each  tide — S,  kul>cUvi«o  ariaav;  ■b««MM 
arlcry:  itx,  axillary  artery.  4.  Tramllion  to  tnc  fiiutl  •tage—/*,  pulmonary  drt«rv;  ^.nerta;  ^V,4inmOTi> 
Hcaiti  (/fWA^/r):  •^trishl  tii^clavian,  uiitteil  with  the  rljjht  cotamon  nmlrl  nMrTl  rllirfrtri  Intn  tin  lliiciwl(n^ 
and  external  carotid  (Cr);  dx.  axillary:  v.  vencbra)  artery. 


1. 


L_..../ft X 


Je 


Ad\ 


.Ail 


Arteriea.— With  the  formalion  of  the  branchial  arches  and  clefts,  the  number  of  aortic  arches  ca 
Mch  «de  becomtrs  increased  to  5  (Fig.  676).  which  run  above  and  below  each  branchial  cidl,  m  a 
Wanchiiil  arch,  nnd  then  all  reunite  l>ehind  in  a  common  descending  trunk  (2,  aJ)  {^tttkkt).  Tlasc 
blocd  veuels  remain  only  in  animiU  that  breathe  hy  gills.  In  man.  the  upper  two  arches  diaffBH 
completely  (3}.  When  the  truncus  arlerioMi^  dividc^^  into  the  pulmonary  artery  ai>d  the  ■fiiti(4, 
/*,  Jrj»  the  lov.-est  arch  on  the  left  side,  with  Its  oristn,  forms  the  pulnMoanr  artery  I4I,  and  t 

springs  from  the  right  side  of  the  \iciri    Of 
Fig.  6^7.  these  the  /e/t  lowest  arch  forms  (be  ductui 

arterioBua  {dB),  and  from  the  oom»ca«- 
ment  of  the  loiter  proceed  the  pahnnaary 
branches  of  the  pulmonary  artery.  O'  tbt 
remaining  arches  which  are  united  « iib  t^ 
aorta,  the  left  mid«Ue  one  (i. /.,  the  tuonk 
left)  forms  the  permanent  aortic  arch  iata 
which  the  ductus  arieriusus  opens,  while 
the  right  one  (fourth)  farms  the  sufadanu 
artery;  the  third  arch  forms  00  each  sUi 
the  origin  of  the  carottdt  (0\  t>V  TW 
arteries  of  the  Arst  sad  second  eifcuhma 
have  I'ccn  referred  to  already  (p.  ^n\ 
When  the  umbilical  vesicle,  with  its  prawy 
circulation,  diminishes,  only  mu  an^h^ 
mesenteric  artery  is  present^  which  grptta 
branch  to  the  intciittne.  At  a  later  peno< 
the  omphalo-mesenteric  arteries  airapky. 
while  the  artery  to  the  intcslilte — the  M^ 
rior  mesenteric — becomes  the  krgcM  of  ifli* 
It  being  originally  derived  from  omb  of  At 
ompbalo-mesentcric  arteriea. 

Veins  of  the  Body. — The  veias  6i« 
formed  in  the  body  of  the  embryo  ndl 
ijK  the  iwo  cardinal  veina  ;  on  each  •*)> 
an  anterior  t  Kig  677. 1.t-il.  and  a  {aaicna 
(f-f),  which  proceed  toward  the  bead  w( 
anile  on  each  side  to  ftirm  a  lam  wK 
the  duct  of  Cuvier  {DC\,  wh»di  pMO 
The  aotcrior  cardinal  veins  give  off  the  subclavian  veiai  (Ml 
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I«  First  appcarnncc   of  the  veina  of  the  embryo.     11,    Their 
tnui«ibrtDatioti*  to  form  the  filial  arrvngcment. 

into  the  venous  part  of  the  heart. 
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and  the  common  jugular  veins,  wluch  divide  into  the  exlenial  {/r)  and  internal  {Jt)  jugular 
veins.  In  addition,  th«e  is  a  iransv^se  anasiomoiing  bran<h  passing  obliquely  from  ihe  left 
(where  it  divides)  to  the  right,  which  joins  their  trunk  lower  down.  In  the  final  arrnngemenl  (U) 
this  atutstomosis  \Ai)  become*  very  large  to  form  the  ie/t  innominate  vein,  while  with  the  growth 
of  the  arms  the  subclavian  veins  increase  {bl'] ;  and  lastly,  the  calibre  of  the  jugular  vein  changes, 
the  internal  jugular  {Ji)  becomiog  very  large,  and  the  external  jugular  {/e)  smaller.  In  some 
animals,  e.^.,  the  dog  and  rabbit,  the  lat^e  embryonic  size  is  retained.  The  (jart  of  the  left  superior  ' 
cardinal  vein,  from  the  Anastomosis  doiviiward  to  the  left  duct  of  Cuvier.  ilisappears.  The  pvxUrior 
cardinal  veins  divide  in  the  pelvis  into  the  hypogastric  (I,  A)  and  external  iliac  [/,/).  The 
inferior  cava  at  first  is  very  small  (I,  Vc),  divides  at  the  entrance  to  the  i>elvu,nnd  on  each  side  goes 
into  the  point  of  division  of  the  cardinal  veins.  There  is  also  a  transverse  ascending  anastomosis 
between  the  right  and  left  cardinal  veins.  Fox  the  final  arrangement,  the  cava  inferior  (II.  Ci) 
dilates,  and  with  it  the  hypogastric  and  external  iliac  vein  on  each  side.  The  light  cardinal  vein 
remains  very  small  ( Vena  atv^os.  Ai,)  and  also  the  lower  part  from  the  left  one  to  the  transverse 
anastomosis.  The  latter  itself  also  remains  very  small  (  Venn  hemi'izygos^  Ih).  On  the  other  hand, 
Ihe  upper  part  above  the  anastomosis  to  the  duct  of  Cuvier  disappears.  Lastly,  the  common  targe 
venous  trunk  is  so  nhsorlwd  inio  the  wall  of  iho  auricle  ( r")  that  both  ven.-e  cavn;  have  each  a 
separate  orifice  (p.  928).     The  einl>r)'onic  conrtiiion  of  the  veins  periists  in  (ishes. 

Veins  of  the  First  and  Second  Circulation,   and  Portal  Syatem.—'The  two  omphalo- 
messnteiic  veins  (<m>,  em-^  open  into  the  posterior  or  venous  end  of  the  tubular  heart   (Fig. 


Fig.  678. 
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Devckipnieni  of  ih«  veim  ami  purial  tykUtn.  //,  heart ;  R,  L,  right  and  t«fl  »)dc  of  the  body ;  em,  rMil  onphalo- 
ntescnicric  vein:  em\.  left:  M,  right  umbilical  rein;  wi,  IHt.  O',  vena  cava  Inferior;  a,  v«ruB  navcheiues;  r-, 
veue  rcvchcntc»;  />,  intntiiic:  m,  mcMriiteric  vein  :  4,  /,  iplenic  vcto^  z,  /,  liver. 


678,  1,  //).  The  right  vein,  however,  dhjappears  very  soon.  .A.s  soon  as  the  allantois  is  farmed, 
the  two  umbilical  veins  join  the  Inmcus  venosus(  I,  m,  w,).  hx  first  the  omphalo- mesenteric  veins  ore 
larger  than  the  umbilical  veicA;  at  a  later  period  this  U  revcrbcd.  and  the  right  umbilical  vein  dis- 
appears. As  soon  as  veins  arc  formed  within  the  body  proper  of  the  embr^'o,  the  inferior  cava  nUo 
opens  into  the  truncus  venosus  (3,  Ci).  Gradually  the  umbilical  vein  (2,  Vj)  becomes  the  chief 
trunk,  while  the  small  omphalomesenteric  (2,  oWj)  carries  little  blood. 

Portal  System.— The  umbdical  and  omphalo- mesenteric  veins  pass  in  part  directly  under  the 
liver  to  reach  the  heart.  l"hcy  send  branches — carrying  artcri.1l  lilood — to  the  liver,  and  the  latter 
grows  round  these  vessels.  These  branches  are  the  vense  advehentes  (2  and  3,  «»|,  The  blood 
circulating  through  the  liver  from  the  vcnx  advehentes  is  returned  by  other  veins,  ihc  venK  rcve- 
hentes  (2  and  3,.  r'|,  which  reunite  at  the  blunt  mai^in  of  the  liver  with  the  chief  imnk  of  the 
umbilical  vein.  The  umbilical  vein  f  j,  w,)  and  the  omphalo-mesentcric  vein  (3,  <»Wi)  anastomose  in 
the  liver.  When  the  intestine  develops  (j.  /3|,  Ihc  mesenteric  vein  (/«)  opens  into  the  omphalo- 
meunteric  vein,  nnd  the  splenic  vein  as  well  (4,  !').  when  the  spleen  is  formed.  At  a  later  period, 
when  the  orophalu  mesenteric  vein  (4,  om,)  disapijcar^,  the  vein  from  the  intestine  now  becomes  the 
common  trunk  of  the  previously  united  vesscbt.  It  unites  in  the  liver  with  the  umbilical  vein  to 
form  the  trunk  of  the  venn  porta;.  When,  ofter  birth,  the  umbilical  vein  disappears  (4,  w^),  the 
mesenteric  alone  remains  as  the  portal  vein.  .\s  the  ductus  venosus  is  obliterated,  ine  porta] 
vein  must  scud  its  blood  through  the  liver,  nnd  thus  the  portal  circulation  is  completed. 


Dcvdopmvnt  of  th«  intckdne.  v,  atomacli ;  a,  littenloD 
of  tbe  vitelline  duct:  /.smallinlMiine:  c,coton:  r, 
rectum. 

line  duct  is  ubiiterated,  remaiuiog  only  for  a  lime  as  a  thread  attached  to  the  inteslioe.  bone  ^^ 
visible  at  the  jd  month.  Sometimes  tt  remains  as  a  abort  blind  tube  commantcaliu|;  with  the  inles- 
line.  This  is  the  t>o  called  "Irue  inttsttHal  diverticulum;"  occasiooally  a  cord — the  obliiented 
omphalo-mescnleric  veioels — posses  fiom  it  to  the  umbilicus.     In  vety  rare  cases,  tbe  duel  ma; 


Fig.  6Si. 
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Foftniitioa  at  lh«  omentum.  I  and  \\—k£,  cutro-hepatic  lJs»incitt:  m,  smt,  n,  )e»cr  curvature  of  the  «laaueli : 
I,  poHcrior,  and  /,  luiteriar  fotil  or  plate  of  the  omentum  :  mc,  mesocolon  ;  e,  colon.  Ill—/,,  IWcr :  f .  ttiiTT 
intottia*:  J,  mc*«ntcry;  /,  pancreai:  tl,  ditodeaum;  r,  rectum;  N,  gnat  oocnttmi. 


remain  open  as  far  as  the  umtiiticns,  forming  a  congenita)  fistula  of  the  ileum,  or  it  may  give  ris«  lo  [ 
cystic  rurmatiotu  [Af.  A'cM).     In  a  htiman  (ixtus  at  the  4th  week.  His  disttnguisbed  the   Cftviiy  tt{\ 
ibc  mouth,  pharynx,  (Twphagus,  stomach,  duodenum,  lucscntcrial  inte-itine,  and  the  hind  gm,  wUh 
the  cloaca.     The  intestine  then  forms  ihe/rj/  eeii  (Fig.  679,  l\)  by  rotating  on  itself  at  the  inie» 
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between  the  epkhetium  of  tne  brunchi  aiid  that  of  the  primitive  air  vesiclei  [Sfieifa).    The  spleen 


Fig.  6Sa. 
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tinil  umbilicus,  so  that  the  lower  part  of  the  intestine  lying  next  the  knee-like  bend  comes  to  lie 
Above,  while  the  upper  part  lies  l>etow.  From  the  lower  part  of  thh  loop,  there  proceed  the  colls 
of  the  small  intestine  (til,  /},  wkich  gradually  grow  longer.  From  the  upper  limb  of  the  loop, 
which  also  elont^ates.  the  large  intestine  is  funned;  tinit  the  descending  colon,  then  by  eloi^- 
tion  the  iranSTcrse  colon,  and  lastly  (he  nsccnding  colon. 

Glands. — By  diverticula,  or  protrusions  from  the  intestine,  the  various  glands  are  formed.  The 
CclU  nf  the  hy]>iihlast  proliferate  and  lake  part  in  the  process,  a<  ihey  form  the  >ircrctory  ccIIh  of  the 
glands,  while  the  mesoblaftic  pirl  of  the  splanchnopleure  forms  the  membranes  of  the  glands. 
giving  them  their  shape.     The  diverticula  are  as  foUow-s: — 

I.  The  salivary  glands,  which  grow  out  from  the  oral  cavity  at  first  as  simple  solid  buds,  but 
afterward  become  hollow  and  branched.  [The  salivary  glands  are  developed  from  the  epiblast 
lining  the  tnouth  i^stomodxum).] 

a.  The  lungfs,  which  arise  as  two  separate  hollow  buds  (Fig-  680,  A,  3),  and  ultimately  have 
only  one  common  duct,  arc  protrusions  from  the  cesophagus.  The  upper  part  of  Ibe  utiited  tracheal 
tube  forms  the  larynx.  The  epiglouis  and  the  thyroid  cartilage  originate  from  the  jnui  which  forms 
the  ttingue  {GaM};ho/nfr).     The  two  hollow  spheie*  grow  and  ramify  liVe  branched  tubular  glands 

I  with  hollow  processes  (B,/^.     In  the  first  period  of  development,  there  is  no  essential  difleicnce 
between  the  epithetium  of  tne  I 
m. 

Development  gf  the  iiiienial  geiicntive  tiTgaiut.  I,  UiuiiAcrentiateil  ootidilloo — D,  rcpToduciiYC  gtind,  lyme  on  ibe 
liilitila  of  the  Wolfllam  bwly :  W.  Wumi;tn  duct:  M,  Miitlemn  duct;  S,  iiro>i(ciiiut  ■inu*.  11,  Tran*finn«lions 
in  tlw  famale — K,  limtttift,  with  ttic  hydatid,  A' ;  T,  FalluitUio  tul>e:  U.ulcrus;  S,  uro-gcnital  «inu>:  (>, ovary; 
P,  parovarium.  Ill,  'rr.inftfbtin«li»(it  in  ilic  mak — H,  te^tit ;  E,  eptdldymU,  with  the  hydatid,  k;  »,  vai 
■bemai:  V,  vm  defeieiui;  S,  uro-Kcnltal  tiniit;  «,  mAlc  ulerut.  4,  if, hind  gut;  a,  alUntoia;  m,  unchiu;  K, 
doacau     3,  M,  rectum:  w,  perineum ;  j,  position  of  the  bladder;  S,  urt>-genitml  siiiu». 

and  suprarenal  capsules,  however,  are  not  developed  in  this  way.  The  former  arises  in  a  fold 
of  the  inesot;asirimn  at  ihc   2d  month  {//is)  ;  the  latter  arc  originally  larger  than  the  kidneys. 

3.  The  pancreas  Ciriscs  in  the  same  way  as  the  salivary  glands,  but  is  not  visible  at  the  4th 
week  {//ii). 

4.  The  liver  begins  very  early,  and  appears  as  a  diverticulum,  with  two  hollow  /tn'mifivf  kepatic 
ducts,  which  branch  and  form  bile  ducts.  At  their  gicriphery  they  penetrate  l>ctween  the  solid  masses 
of  cells — the  liver  ccllr — which  are  derived  from  the  hypoblast.  At  the  2d  month  the  liver  is  a  large 
organ,  and  secretes  nt  the  3d  month  (jj  182). 

j.  In  birds  two  itmall  blind  sacs  are  formed  from  the  hind  gut. 

e.  The  fetal  respiramry  organ,  the  allantois,  is  treated  of  specially  (\  444). 

Peritoneum  and  Mesentery. — The  inner  surface  of  the  c<rlom,  or  body  cavity,  the  surface  of 
the  intestine,  and  its  mesentery  are  covered  by  a  seroas  coat — \.\\t  fieri/Qntum.  .-\t  first  the  simple 
intestine  is  contained  in  a  fold,  or  dupUcature  of  the  peritoneum  ;  on  the  stomach,  which  \s  merely 
at  first  a  spindle  shaped  dilatation  of  the  tulw  placed  vertically,  it  iscalled  mcsogastrium.  Afterward, 
the  stomach  turns  on  its  side,  so  that  the  left  surface  is  directed  forward  and  the  right  backward. 
Thus,  the  ia-icition  of  the  me?ogastrium,  which  originally  wo-s  directed  backward  (to  the  vertebral 
column),  is  directed  to  the  left;  the  line  of  insertion  forming  the  region  of  the  gre-it  curvature, 
which  becomes  still  more  curved.  From  the  great  curvature,  the  mesogastrium  becomes  elongated 
like  a  pouch  (Fig.  6S1,  I  and  II,  s,  1),  constituting  the  omental  sac,  which  extends  so  far  downward 
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as  (o  pass  over  the  transverse  colon  and  the  loops  of  the  small  intestine  (UI,  NX.  As  the  meacai' 
Irium  originally  consists  of  two  p*Atcs,  of  course  the  omentum  must  consinl  of  four  plates.  Ai  Uk 
4tti  monih,  the  posterior  surface  of  the  omental  sac  unites  with  the  surface  of  the  transrerse  cotwi 

\Jek.  MiilUr). 

450.  URINARY  AND  GENERATIVE  ORGANS.— Urinary  apparatus.— The  fint 
indication  of  IhU  Apparatus  occurs  in  the  chick  at  the  2d  day  and  in  the  rabtut  at  the  qth.  as  the 
ducts  of  the  primitive  kidneys  or  Wolffian  ducts  (Fig.  6S2,  1,  W),  which  are  fbnncd  from  «6me 
cells  mnppcd  off  from  the  laieral  plate  above  and  la  the  side  of  the  proloveitebne.  sn'I  exieodii>t: 
from  the  fifth  to  the  last  vertchra.  Tlie  ducts  are  Mlid  at  first,  but  soon  become  hollow,  and  from 
their  cavities  there  extend  laterally  a  bcrica  of  small  tubes,  which  in  the  chick  communicate  frcelj 
with  [he  peiitoneol  cavity  [KSlUker).  Into  one  end  of  each  of  these  lubes  grows  a  lull  of  Uood 
vessels  forming  a  structure  resembling  the  glomeruli  of  the  kidney.  The  tubes  elongate,  form  crm- 
volutions,  and  increase  in  number.  The  upper  end  of  the  Wolffian  duct  is  closed  at  first,  its  lower 
end,  which  lies  in  a  projecting  fold — the  plica  urt^cnitalis  of  Waldeyer — in  the  perilaoeal  atvity. 
opens  into  the  urogenital  sinus.  Close  above  the  oriticc  of  the  Wolffian  duct  appears  the  ureter  as 
the  duct  of  the  kidney-  The  duct  elongates,  and  branches  at  its  upper  end.  Koch  c«tinl  oi  its  end 
is  like  n  sinlkcd  caoutchouc  sac  (TbA//),  and  into  it  there  grow  the  already  formed  glomeruh. 
The  d'lCl  of  the  kidney  o\<\\%  independently  into  Ihe  urogenital  sinus,  and  fomu  the  ureter.  The 
part  where  the  branching  of  the  duct  stops  fornis  llie  pelvis  of  the  kidney,  and  ihe  branches  tbon- 

selves  the  renal  tubules.  Toldt  found  Molpigbiaa 
corpuscles  in  the  human  kidnc)-  at  the  a<l  moath,  and 
Itenle's  loops  at  the  4ih.  The  tirst  appearance  of  the 
urinary  bladder  is  at  the  4th  week  {//it),  and  is 
more  distinct  at  the  3d  month,  as  the  dilated  fir^  pan 
of  the  allaniois  (Mg.  682^.  The  upper  p>rt  of  the 
allanlois  remains  as  the  obliterated  uracnus,  in  the 
middle  vesicle  ligament. 

Internal  Reproductive  Organa. — In  front  of  and 
intotial  to  ilu'  Wolffian  bodies,  there  arises  in  the 
mesoblast  the  elongated  re[roductive  gland,  gem- 
lidgc,  ur  mass  of  germ  epithelium  I  Fig.  6.S2, 1,  D% 
which  in  both  sexes  is  oii^tnolly  alike  iKig,  6S3,  K, 
E).  In  addition,  there  is  formed  B  canal  or  doct 
parallel  to  the  Wolffian  duct  (W),  which  alio  apen« 
into  the  uro-genital  sintu;  this  is  MiiUer'a  duct  (M^ 
The  elevation  of  the  future  reproductive  gland  is 
covere^l  originallv  by  germ  epithelium  [  iValJry^r\. 
The  upi>cr  end  of  the  Mtillcrian  duct  opens  free  into 
the  aUloininal  cavity,  white  the  lower  ends  of  both 
ducts  unite  for  a  distance.  Some  of  the  germinal  cells 
covering  the  surface  of  the  future  ovary  enlarge  to 
form  ova,  and  sink  into  the  stroma  to  form  ova  em- 
bedded in  their  draafian  follicles  (|  433)  (Fig.  68j^ 
Tn  the  female,  the  MUlIerian  ducts  form  the  KaJlotsan 
tube  (M,  T),  and  the  lower  united  ends  the  uterus. 

In  the  male,  the  germ  epithelium  is  not  so  tilL 
According  10  Waldeyer,  there  are  two  kinds  of  ttibes 
in  the  Wolffian  bodies,  and  some  of  these  penetrate 
the  position  of  ihc  rcprxiduciivc  glood.  These  lubes. 
which  are  connecteil  with  the  WolfKon  ducts,  become 
the  seminiferous  tubules  {v.  /f7//iV>i),and  the  Wolffian 
duct  itself  Itecomes  the  vas  deferens,  with  the  vestculie 
semiiLiles.  Accor<ling  to  some  other  observers,  howrro', 
lubes  which  iKrcomc  the  ^eminifcious  inbules,  are  dc 
veloped  within  the  reproductive  gland  itself,  and  the^ 
tube.<;  lined  with  their  ^erm  r]>ilhelium  ullimately  fonn 
a  connection  with  the  W^olfifian  ducts. 
I'he  MUIlerian  ducts,  which  ore  really  the  ducts  of  the  reproductive  glands,  disappear  tn  man, 
all  except  the  lowest  part,  which  becomes  the  male  uterus  or  vestcuU  prostaticu  ( lll.u), — ihc  homo> 
logue  of  the  uleru».  'I'he  upper  tuliulcs  of  the  Wolffian  body  unite  at  the  3d  monrh  with  the  repro- 
ductive gland  (which  has  now  become  the  t)ody  of  the  testis),  and  become  Ihc  cont  vavnilosi  of  the 
epididymis,  which  are  lined  by  ciliated  epithelium  lE);  the  remainder  of  the  Wulliiau  Iwidy  disap- 
pears. Some  detached  tubules  form  ihe  vasa  abcrranlia  {a')  of  tlie  testicle  {KohtW).  The  hydatid 
of  Mor^agnt  \h)t  nt  the  head  of  the  epididymis,  according  to  I^schka  and  others,  is  a  part  of  the 


SecUon  of  maminaliin  ovary  ihowine  dcvetopment 
of  ova  and  ttieir  fnllirlH.  Ei,  Ripe  ovum  ;  G. 
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epididymiit— ?1ciscbl  regards  it  at  the  nidifnent  of  the  male  ovaiy.  The  organ  of  the  Giraldia  is 
part  of  ihc  Wolffian  body.  The  Wolffian  duct  itself  becomes  the  vas  deferens  (V^  from  which  the 
vesiculx  seminales  are  developed.  The  two  Wolffian  and  two  Milllcrian  ducts,  as  ihey  enter  the 
pelvis,  unite  tu  fonn  a  cominon  cord — the  genital  cord. 

In  the  female,  the  tuln-s  of  the  Wolliian  txxlics  dihappear,  all  except  a  few  tubules,  lined  with 
ciliated  epithelium,  constituting  the  parovarium,  or  organ  of  KosenmUllcr  (Kig.  646  L  and  a  part 
analogous  to  the  organ  of  Giiald^  in  the  broad  tigoineiU  of  the  uterus  (  tValt/eyer)  ( ri^.  682,  P). 
The  same  Is  the  case  wiih  the  Wolffian  ducts.  In  some  animals  (ruminants,  pig,  cat  and  fox)  they 
remain  |>crmanently  aj,  the  ducts  of  Gaertner. 

The  Sliillirrian  duct  i.s  frayed  nut  at  its  up|)CT  end  to  form  the  fimbria:  of  the  Fallopian  tube,  and 
it  is  ofteu  provided  with  a  hydatid  (4').  That  part  of  the  urogenital  sinus  into  which  the  four 
duels  open  gruws  above  inio  a  hollow  sphere,  which  forms  the  vagina  (/VM-*/).  Accortling  to 
'ITiiersch  and  I^cuckart,  however,  the  t*o  Mullcrian  ducts  unite  at  their  lower  ends  10  form  ihe 
united  uterus  (Li)  and  vagina,  while  their  free  upper  ends  form,  tlic  Fallopian  tubes  (T).  The 
Mtlllerinn  ducts  at  first  open  inlo  the  po*tcrior  part  of  the  urinary  bladder  below  the  ureters  (arc- 
genital  airius,  S),  while  ullimalcly  this  part  of  the  bladder  becomes  so  elongated  posteriorly  that 
the  vagina  (the  united  Milllerian  ducb^)  and  the  urethra  are  united  l>etow  and  deeply  withm  the 
vestibule  of  the  vagina.  At  The  3d  to  the  4th  month,  the  uterus  and  vnginn  are  not  separate  from 
each  other,  but  at  the  5lh  lo  the  6lh  manih  the  uterus  u  detinwl  from  the  vajjini. 

The  testicles  lie  originally  in  the  lumbar  region  of  the  abdominal  cavity  (Kig.  6S4,  V,  t),  and 
are  carried  by  a  fold  «)f  the  j>eriloneum — the  inesorchium  (/«).  From  the  hilum  of  the  Icsiicle  a 
cord,  the  gubernaculum  testis,  runii  through  the  inguinal  canal  into  the  ha^  of  (he  scrottim.  At 
the  same  lime  a  scplum-iike  piocess  'n  developed  iiidepenclentty  frum  the  peritoneum  lu  the  ba-c 
of  the  scrotum  (/t')-  "^^^  testicle  pussei  through  the  inguinal  canal  into  the  scrotum,  hut  llie 
mechanism  and  the  cause  of  the  descent  are  not  accurately  ascertained. — [Descent  of  testis, 
?  446-] 

The  ovaries  also  descend  somewhat.  The  round  ligiment  of  the  uterus  corre^onds  to  the 
gubcrunculaiu  testis.  A  process  of  the  peritoneum  passes  in  tlic  female  inlo  the  inguinal  canal  as 
Nock's  canal,     tt  is  rare  to  hnd  the  ovane-i  descending  into  the  labia  majora. 

[The  origin  of  the  urinarj*  and  generative  organs  is  undoubtedly  as  ociated  with  the  develop- 
ment of  the  Wolffian  bodies.  Tlie  rrscirchcs  of  Semper  and  Balfour  on  eUsmobranch  fishes  show 
that  the  process  is  a  very  complex  one.  There  is  a  miss  of  cells  on  each  side  of  the  vertebral 
column,  which  is  divided  into  three  parts,  the  tirst  called  the  pronephros,  or  head  kidney  of  Balfour 
and  Sedgwick,  the  middle  one,  the  mesonephros  or  Wolffian  body,  and  the  posterior  one  or 
metanephros,  which  is  formed  after  the  other  two.  gives  origin  lu  the  |>[;rmanent  kidney  in  ihe 
amniota.  The  Mdllerinn  duct  is  connecicd  with  the  pronephros^  the  WollTian  duct  with  the 
mesonephros,  and  the  ureter  with  the  melaneptiros.] 

[The  following  table,  modified  from  i^uiin,  shows  the  destiny  of  these  structures: — 

MiJLLEKtAN  Ducts  (Ducu  of  the  Pronephros). 
Fematt,  Male. 

Fallopian  luhes.  Mydatid  of  Morgagni. 

Hydatid.  Male  uterus. 

Uterus  and  vagina. 

WdLPTIAN  B<}01£S  (MmoNKrHROK). 


Parovarium. 

Pftrodphofon. 

Bound  ligament  of  the  utenii. 

Chief  tube  of  parovarium. 
Ducts  of  (Gaertner. 


Vasa  efiierentia,  Con!  vasculost. 
Organ  of  Giroldi^s,  Vasa  aberraolia. 
Gubernaculum  testis. 
Wolffian  Ducts. 

Convoluted  tube  of  epididymis. 
Vas  deferens  and  vesiculx  seminales. 
METANEPItROS. 

Kidney.  Ureter.]  . 


The  external  genitals  are  at  fir^t  not  dislinguishahle  in  the  two  sexes  (Rg.  684,  /),  At  the 
4th  week,  there  is  merely  an  orifice  at  the  posterior  exiremily  of  the  trunk,  representing  both  the 
onus  and  the  opening  of  (he  umchus,  and  farming  a  cloaca  (Kig.  6S2,  4,  K).  In  front  of  tliis  on 
elevation — the  genital  eminence — appears  slxiut  the  6th  week,  and  on  ejch  side  of  Ihc  orifice  a 
large  cutaneous  elevation  (//,  -w).  At  the  end  of  the  2d  month,  there  is  a  groove  ou  the  uoder 
surface  of  the  genital  eminence,  leading  back  to  the  cloaca,  and  with  distinct  walls  bounding  it 
(  //,  r).  At  the  middle  of  the  3d  month,  the  cloacal  opening  is  divided  by  tlic  growth  of  the 
perineum,  between  the  urachus  (now  become  the  urinary  bladder)  (Fig.  6S3,  5,  &\  and  the 
rectum  (M). 

In  the  tnalc,  the  genital  eminence  enlarges,  its  groove  deepens  from  the  oi>ening  of  the  bladder 
onward  to  the  apex  of  the  elevation  at  the  lOth  week.  The  two  edges  unite  to  enclose  the  groove 
which   becomes  the  urethra.     When  this  doss  not  lake  place,  hypospadias  occurs.     At  the  4th- 
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month  the  glans.  and  «  the  6ih  the  prepuce,  are  fonned.     The  large  coiueous  folds  nnei  in  tlie 
middle  line  or  raphe  lo  form  the  scrulum. 

In  the  female,  the  uiHliffcrcnTiated  condition  remains  to  a  certain  extent  permanent  The  imill 
gcniial  eminence  lemuJns  as  the  clitoria.  the  margins  of  its  furrow  Itccom;  the  nympbK,  ibe 
culatieouh  elcvHtioiih  remain  sep-iratc  to  form  the  labia  majora.  The  uro-^enital  sinus  Tcmailu 
short  as  the  vestibule  of  t'le  vagina,  while  in  man.  by  lite  closing  uf  the  gcnit;il  groove,  it  ht»  a 
long  additional  lube,  the  urethra.  [Tlie  accompanying  illustrAtiooi,  after  Schrocder.  show  the 
changes  of  the  external  organs  of  generation  in  the  female.     In  the  early  period  (6(h  week i,  the 


/. 


r^' 


Fia6S4. 

m,         IV. 


r. 


ffl 


••  >■ 


-pv 


a— = 


Development  of  ilic  ejctemal  geniiaU,  /.iin<l  //.— Ocniul  emincoce:  r,  eeniwi  fcroove  ;  i,  coccys  ;  m*.  nid 
dcvaiioas.  Il'—f,  penii;  /f.  nphc  penlc  J.  tcrotum.  /// — f.  ditori*;  /,  Ubia  minora  :  L,  Ubfa  m 
a,  luuH.  I',  and  y/.—  litiixoi  or  itic  ic»tlclc ;  t,  itstit ;  m,  oiuorchittni ;  /v,  pKC«Mu«  v*^inali«  of  ibc  ] 
Nan ;  .V,  abdominal  wnl) ;  5,  tcratum. 


hind  gut  (Fig.  6S5.  K).  allantois  (ALL),  and  the  MUllerian  ducts  (M)  communicate,  but  not  witk 
the  exterior.  About  the  loth  week  a  dejiression  or  intlection  of  the  skin  takes  place,  genital  oldk, 
until  It  meets  the  hint!  gut  and  allantoiji,  whereby  the  clnaca  (Kig.  686.  CL)  is  furmed.  I'be  ckaca 
is  then  divided  into  an  interior  part,  the  uro-genital  sinus,  into  which  the  Mllllcrian  ducts  trpcs. 
and  A  posterior  pari,  the  anus.  There  is  a  downward  giowth  of  the  tissue  bdwecD  the  himl  pM 
and  the  allantois  lo  form  the  perineum  (Fig.  687).     The  uro-genital  sinu«  then  contracts  at  its  apper 


Fig.  685. 


Fig.  686. 


(ALL-bUdJerj :  M. 
duct  of  MQUer  ivit- 
Binal:  A,  d«preui>:>n 
of  «kln  bolow  |[cnitial 
cmkacncfl,  growinc 
tnward  to  (orni  ihc 
vul<ra. 


The  depnavion  lia«  be- 
come conit  a  uo  u> 
with  the  rectum  and 
tUUmoit  to  torn  the 
cloacA  (CL). 


Fig.  6S7. 


The  cloKca  it  becoming  ftlvidcd 
into  uio-geDildl  sinus  (SL'I 
Aod  BDiM  by  ihc  ■luwtiwam 
Kiuwth  of  Ihc  i^tinca!  sep- 
tum. The  tlucu  ot  Mulkr 
are  united  to  fom  tb«  va> 


Fic.   688. 


PctitMaim  coenplecdy 
fanned. 


pait  to  fann  the  short  urethra,  its  lower  part  remaining  as  the  vestibule  (Fig.   6SS,  SV),  vrUte 
vagina  has  been  formed  by  tlie  union  of  the  lower  ports  of  the  two  MUlIehan  ducts.     Tbe  UadAtf  | 
^B)  u  the  expandcl  lower  end  uf  the  Malk  of  the  nlltntois.] 

The  causes  of  the  diEFerence  of  sex  are  by  no  nKnn^  well  ktiown.     From  a  stait^cal  analyss 
of  S0.000  cases,  the  inBueiice  of  the  age  of  tbe  parents  his  been  shown  by  Hofacker  ftod  Sadler. 
If  the  hnsbond  is  younger  than  the  vriU:  there  arc  as  many  l>oys  as  girU :  if  both  are  of  tbe  i 
age,  there  arc  1029  boys  to  looo  girls;  if  the  husband  is  older,  1057  boyA  to  1000  girU.      In  Inoects, 
food  luLs  a  must  imponani  intlueace.     Illtiget's  investigations  ou  img»  show  that  idl  exlcmiat  oa«* 
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ditions  durin|*  develupment  ore  wiihout  effect  od  ibe  delermiaation  of  tlie  &ex,  so  tliat  the  latter 
would  seem  lo  he  dciermincd  before  impregnniion. 

451.  FORMATION   OF   THE   CENTRAL  NERVOUS  SYSTEM.— Fore  brain.— 

At  each  side  of  the  fore  brain,  or  nnicrior  cerebral  VtsicUr,  which  is  covered  cKlernally  hy  epiblart 

and    inlcrtially   by    ihc    e]}ciKlyma. 

there  grow^  out  a  lorge  Malkejl  hoi  Fiu.  639- 

low   vesicle,    ihc    rudinaent    of   ihc  , 

cerebral  hemispheres.     The  rein-  j^        '\ 

tively  wide  opening  in  the  stalk,  or 

communication,   ullimntcly   becomcii 

very  small,  nnd   is  the    foramen  of 

Monro,     The   middle    part  between 

the    two    cerebral    v«icles    rcnmins 

small,  and  is  ihe  'tween  or  inter- 
brain  with  the  third  Vdnlricic  in  its 

interior.     It  elongates  at  the  second        .^ 

raotilh  toward  the  itmc  of  the  bnin  ~^^Y'WI^^^^&      ^^^r 

as    a    funnel-»haped    projection,   to  /rlM^^H^^A   m     ' 

form   the   tuber   cinereum   with   Ihe 

infundibulum.     The   thalami    opiici,        *'    "Jj  •.JO^ft;    ^j^^,     / 

projecting  and   enlarging   from   the 

siiles  of  the  third  ventricle,  narrow 

the  foramen   of  Monro  10  a  semi-    fA- 

lunar  ilit.     At  the  base  of  the  brain 

arc  formed, in  the  .second  month,  the 

corpora  albicantia,  at   the  third  ibc 

chiasma ;  while  within  the  third  ven- 
tricle   the  conimis&iirea    arc  formed. 

Tlie  hypophysis,  l>clani;ini;  lo  the  x    -  ^-< 

mid  brain,  is  a  diverticulum  of  the 

nasal    mucous  inembraof,  extending  Tran«fene  »«tl(in  of  the  brain  nf  tm  embo'o  "heirp  a,?  cm.  long;  X  lo. 

thiv^iinh  thf  ha<.<»  t\(  t>i*.  «Vnlt  ir,w«M  "■    i=i>T'il»g«  of  orbito-«plM:n«i<J ;    f,    p«tlunculnr   fibre? ;    M,  optiC 

through  the  ha^e^ot  ^tje  skull  toward  ^j,.^^^  ,   f  ^^j.^,,  ccr^UrA  lis^ire  :  a" ce«l.n.l  h*ml,phcrt»,  with  a 

convolution  upon  ilieir  inner  wall,  proicc  ling  into  ihv  blent!  veitiricle, 
/,■  «,  for  are  en  wf  Monro  ;  «,  ofi'i^  itcrvc;  fi,  pharyox;  >/,  Utcni 
plexus;  /.  tcrmJCiation  of  the  mcdiitn  fi<.i,ure,  which  Inriiio  tne  mnror 
the  lliird  ventrtcle;  stt,  body  of  the  anterior  «phcnoii] ;  «/,  corpuh 
Mriaium ;  r,  third  ventricle ;  tA,  anicrior  *Iecp  portion  of  the  optic 
tfaalamtu  {idUiktr). 


%  ^- 


f      iU 
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the  hollow  iDfundibtilum,  which 
grows  lo  meet  it  (Fig.  505,  T). 
There  is,  as  it  were,  a  tendency  to 
the  union  of  the  cavily  of  the  fotc 
gut  with  the  medullary  tube.  In  the 
amphioxtu      {JCowalmrsky),     goose 

((7iuje/'),andlizard(5/M(^/)lhemcdullnr>' tube  communicated  originally  with  Ihe  hind  gttt  by  thccana 
lis  myelocnteiicus.  The  choroid  plexus,  which  grows  into  the  ventricles  of  the  heniisplicre*  through 
the  foramen  of  Monro,  is  a  va.'scular  development  of  ihe  ependyma.  At  the  fturth  monih.  the  cona- 
rium  (pineal  gland)  is  formed,  and  at  this  time  the  corpora  quadrigen^ina  cover  the  hemispheres. 
The  corpora  striata  he^m  to  be  developed  in  the  cerebral  (lateral]  vaitricle  at  the  ^tecond  month, 
while  the  coinu  ammonia  is  formed  at  ihe  fourth  month.  [The  enternnl  wnlls  and  floor  of  the  primi- 
tively simple  central  hemiphL-tcs  become  much  thickened,  the  thickenings  in  the  floor  constitute  The 
corpora  striata,  which  protrude  into  the  Literal  vcnilricles,  their  pa<ulion  Ixring  indicated  on  the  »«r- 
face  of  the  brain  by  the  Sylvian  (is^ure.  As  iliey  exiend  backward,  they  tjecome  connected  with  the 
optic  tbalami  (Fig.  68i>,  j/, /A).  The  corpora  striata  are  connected  together  liy  the  nnlerior  com- 
missure. From  ibe  inner  wall  of  each  hemisphere,  there  grow  into  each  lateral  ventricle  two  pro- 
jections; the  upper  one  forms  the  hippocampus  major  or  coinu  ammonis  (Fig-  689,  >(),  while  the 
lower  one  becomes  folded,  remains  thin,  receive*  numcroui  blood  veswls  from  the  fftU  cerebri,  and 
forms  the  choroid  plexus  (Fi;;.  &So,//).]  At  the  third  month  the  Sylvian  fissure  is  fonnrd,  antl 
the  ba!its  of  the  island  of  Reit.  The  permanent  cerebral  convolutions  ore  formed  from  the  seventh 
month  onward. 

The  mid  brain,  or  middle  cerebml  vesicle,  is  gradually  covered  over  by  the  backward  growth  of 
the  hemispheres;  its  cavity  forms  the  aqueduct  of  Sylvius  (Fig.  690).  Depressions  appear  on  the 
stirfacc  of  the  vesicle  to  divide  it  into  four,  the  corpora  quadrigemina,  in  bird;^  into  two,  the  cor- 
pora bigemina  (Fig.  690,  b^\,  the  longitudinal  de|ire»>ion  being  formt-d  at  the  third,  and  the  trans- 
verse one  at  ihe  seventh  month.  The  cerebral  peduncle  is  formed  by  a  thickening  in  the  base 
of  this  vehicle. 

In  the  hind  brain  are  found  the  cerebellar  hemispheres,  which  grow  Wckward  to  meet  in  the 
middle  line.  The  vermis  is  formed  at  the  seventh  niijnih.  The  cerebellum  cover*  in  ihc  part  of  the 
medullary  tub-  lying  below  it,  which  is  not  closed,  as  for  as  the  calamus.  The  pons  crises  in 
the  floor  of  the  hind  brain  al  the  third  month. 

The  9pind!c-*haped  narrow  after  brain  forms  the  medulla  oblongata,  with  the  opening  of  the 
medullary  tube  in  its  upper  port. 
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[The  following  table,  from  Quun,  shows  the  destiny  of  tach  cerebral  vcacle 

lin)       I 


I.  Anterior  Primary 
Vesicle, 


(fore  brain) 


2.   Thaiamentepkalon^ 
(iuler  or  'tween  brain) 


II.  Middle 
Vesicle,  . 


Primary  f  3 


{ 


in.  Posterior   Pri- 
mary Vesicle, .  . 


MtitHitphahn,   . 
(mid  brain) 

4.  Efiemcephalon,    . 

(hind  brain) 

5.  Metetiiffhalon,  . 

(alter  bmin) 


{ 


Cerebral  bcmisphcre:^,  cocpoia  ttriiU, 

corpus  callosum,  foriiis,  Uteta]  «ftt- 

liicles,  olfactory  bulb. 
Tbalami  upttci,  pineal  gUnd.  phuitary 

body,  crura   cerebri,   »<|uctltta   of 

Sylviuft,  op4ic  nerve. 
Corpora  quadrigtmina,  cniri   cenlai. 

aqueduct   of    Sylvius,    optlC    ncfre 

{secondarily). 
Cerebellum,  pons,  anterior  pan  oC  tbc 

fourth  ventricle, 
Medulla  oblongata,  fourth   rmlriclc, 

auditorv  nerve. 


Spinal  Cord. — ^The  spinal  cord   is  developed   from  the  medullary  tube  behind   tbc  nc4aQt 
oblongata,  tirst  the  gray  ntaiter  around  the  canal,  while  the  white  nutter  is  added  afterwrnnd  oobUl 

this.     The  ganglionic  cells  increase  by  (fa«i> 


Fig.  690. 


lion  in  amphibians  \L*>mi/u4y).  At  fiiA 
the  spinal  cord  reaches  to  ihe  coccyiL  to 
the  adult,  the  !S)>inal  conl  reaches  only  A 
the  first  or  second  lutnttar  vertebra,  ao  ibM 
it  does  not  elongate  so  much  as  the  vtr* 
tebne  can.  It  is  a  question  how  Car  ifail 
want  of  harmony  in  the  developnett  of  these 
two  sirucliires  may  lead  to  ^ftnibanccs  of 
scn&ibility  or  paralpi^  of  the  lo«-«r  limi»  la 
children.  The  first  muscles  arc  UymvcA  m 
the  back  at  the  second  month :  at  the  foartb 
month  the;)-  are  red.  The  spinsi  ganglM 
arc  formed  from  a  special  strip  of  cpil>la<iie 
celU.    They  arc  seen  at  the  4th  wed.  tad 

OlaKTsm  of  »n  emHryonic  fowl**  brain,  ac,  uit«rfor  com-  jo  are  the  anterior  spinal  mots  and  totac  of 
mWiira;  ^jrai',  antcricr  mctlullary  velum,  and  below  tt  the  ,i._  ,„.„i  „f  .l,  ,.:„_i  ..  ...,,  .  _v.i-i  A^ 
aq»c.i..ctofSyWii..«i.d»hc«rchr.lp«du'ncl«;  A..  h»lUt    »'»^   "}'"^^    °^  ^^^   "l"""'    nerves,  while  At 


J' 


^r/^  >  ci/ 


medulln  oblotigaiH;  tf//,  olfaciory  lobe  wid  nerve;  *>A-.  ontjins  ore  present,  while  the  nrst,  seoDM. 
opiic  commtuvire;  ^m,  pineal  ijUnd,  /jl.pltuiunr  body;  (hjrd.  and  twelfth  nerves  and  the  snaOft- 
*r,  pun»  V»folil;    r,  fluor  «l  f^utlH   veniricle:    jf.  corpus     ,i,»,;-    __.    __,  .._,    f._    j:tT-— -•..•.^^   i  flS.t 

Ciri.mm;  ..•,  third  vcmrick.  t^.  fowrih  vcntricU  (G*^>,  i.*^"*=  OTC  nw  yct  far  differentiated  [Hit), 
q/ttr  MihalAm-ict).  The  pcnphcral  nerves  grow  out  rron  tW 

ganglia  of  the  fpinat  cord  (fir^  the  acaai 

and  afterward  the  sensory  ner\-es),  and  penetrate  into  the  other  parts  <k  the  body  {ifu).     At  fini 

they  are  devoid  of  myclm. 

45a.  THE  SENSE  ORGANS.— Eye.— The  primary  optic  vesicle  grows  out  from  the  fcre 
brain  toward  the  outer  covering  of  the  he.iil  or  epibtosi,  and  soon  becomes  folded  in  on  itself  rf>Tirth 
week),  so  that  the  stalked  optic  vcmcIc  is  .shaped  like  an  egg  cup  (Fig.  6«)1,  1).  The  cavi'-- 
in'crior  of  this  cup  is  called  the  secondary  optic  vesicle.  The  mAected  pari  becomes  t!< 
(IV,  r),  while  the  posterior  part  becomes  the  choroidal  epithelium  {IV, /»).  The  slalk  become*  t^*- 
optic  nerve.  At  the  under  surface  of  the  depression  there  is  a  slit— ihe  choroidal  fissure— 
which  permits  some  of  the  mesoblasl  to  gun  access  to  the  interior  of  the  eye.  This  slit  furnis  Ike 
Goloboma  (H) ;  it  is  prolonged  backward  on  the  stalk,  and  contains  tbc  ccntial  artery  of  the  redaa 
The  margins  of  the  coloboma  afterward  unite  completely  with  each  other,  but  In  some  rare  cootStiaaa 
this  does  ntA  take  place,  in  which  caac  we  have  to  deal  with  a  coloboma  of  the  choroid  or  netina,  as 
Ihe  case  m.iy  he.  In  the  bird  the  embryonic  coloboma  slit  does  not  close  up,  but  a  vascular  prseoa 
of  the  mesoblnst  dipti  into  it,  and  passes  into  the  eye  to  form  the  pecten  (p.  846).  The  sane  b  tW 
caae  in  fishes,  where  there  \s  a  large  vascular  process  of  the  meso-  and  epiblast  forming  the  prmruat 
falcifermis  (p.  S46J. 

The  depression  or  infleclinn  of  the  optic  tmIcIc  is  due  to  the  dowagrovrtb  into  it  of  a  thickcajii|  af 
the  epiblast  ( I.  L).  It  is  hallow,  and  as  it  grows  inward  ultimately  becomes  spherical  and  Kfanui 
from  the  epiblast  to  fuim  the  crystalline  lens,  so  that  the  lcn»  is  qMbla&tic  m  its  nri^pn.  wmie  Ita 
capsule  of  the  len^t  is  a  cuticular  structure  formed  from  the  epiblasL  lliat  port  of  the  epiUast  wUA 
coven  the  vesicle  in  front  of  tbc  lenii  ultimately  l)ccomea  the  stratified  epithelium  of  the  camea.  TW 
layer  of  pigment  of  the  invagtnated  op'.ic  reside  is  applied  to  the  ciliary  Iwdy,  and  the  poiterior  ^ 
face  of  the  iris,  when  the  latter  is  formed.    The  cornea  is  formed  at  the  sixlti  week.     The  s  ' 
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of  the  choroiH,  sclerotic,  and  cflroca  h  funned  around  the  poaitioo  of  the  eye  frora  the  roesoblast  (w). 
The  coptmlc  of  the  lens  U  at  fiist  compleicly  surrounded  by  a  voscuhu-  membrane — the  membrana 
capaulo-pupillaria.  Afterward,  the  lens  passes  more  posteriorly  inlo  the  eye — the  anlerior  part 
of  the  capsulo  pupillor)'  mcmhrane,  however,  remains  in  the  anterior  pnit  of  ihc  eye,  while  toward  it 
grows  the  mirgm  of  the  iris  (seventh  week),  so  that  the  pupil  is  closed  by  this  part  of  the  vascular 

I  capsule,  membrana  pupillaris.  'fbc  blood  vessels  of  tlic  iris  are  continuous  with  those  of  the  pupillary 
mcmtjrane ;  those  of  tlic  posterior  capsale  of  the  lens  give  off  the  hyaloid  artery,  a  continuation  of  the 


/. 


Fic.  69X. 


.m 


m. 


ch 


Development  of  the  cvc.  I,  loflexioD  of  thenc  of  Iheleni  (L)  itito  the  primarv  optic  vesicle  (P>—^,  epidermU:  tn. 
■MtobLul.  II,  Ibc  inflexion  seen  from  below — n,  optic  ner^e  -.  t,  the  <iiii«r;  i,  the  inner  bycrof  the  Inflected 
Teaicle;  L,lent.  Ill,  l^nKitiMliDAl  leciloo  of  II.  Iv,  Puithcr  development— f,  corociil  r'piihcliuin  ;  c.cornca: 
W,  nMmbranacapuilo  pii^jillam  :  L,  Iciu  :  ii.rf^htral  arlery  of  ihc  iclina  :  /,  iclerolic  :  c4,  choroid; /,  pigment 
layer  of  tbe  relink;  r,  irtlna.     V,  P<ir&ttient  remalnx  of  the  pupillary  membrane. 

central  artciy  of  the  retina;  its  veins  pass  ipto  those  of  the  iris  and  choroid.  The  vitreous  humor 
at  the  fourth  week  is  represented  by  a  cellular  mass  between  the  lens  and  the  retina.  The  pupillary 
membrane  disappcjirs  at  the  seventh  month.     It  may  remain  throughout  life  (V). 

Organ  of  Smell.— On  the  under  liiirfRce  and  Uiteral  limit  of  the  ftirtr-Lrain,  the  epiblast  Jbrms  a 
groove  or  pit  with  thickened  epilheliuni,  which  forms  a  depression  toward  the  bram,  but  always 
remains  9s  a  pit  or  dcprcM>ion ;  (his  is  the  olfactory  ur  nasal  pit,  to  which  the  olfactory  nerve 
Afterward  sends  its  branches.     For  the  formation  of  the  nose,  seep.  93I. 

Fic.  693. 


i 

I 


Early  ftimex  in  the  development  of  the  verlebrsie  ear.  K-T),  Eariy  iiaces  in  the  chick  Utfu$mfr).  E.  Transvctse 
lecilon  throueh  the  auditory  pit  of  a  50  hour*'  chick  {Mitrahaii),  r,  Tramvene  lectlon  ihroiteh  the  hind  brain 
of  a  foctJit  ihccp.  nd',  -iintcrioT  cardinal  (jtipiLir)  vein  ;  am,  ainnluu;  «#,  aortic  arch  ;  ct,  cocmca  ;  rf,  receuus 
(aqiieductiu)  vcilJbuli ;  v,  vcatibulum ;  ve,  vertical  temiclrcular  cuul ;  t-liV,  auditory  nerve. 

Organ  of  Hearing. — On  both  sidei  of  the  after-brain  or  po&terior  brain  vesicle,  above  the  first 

visceral  or  hyoid  arch,  there  is  a  depression  or  pit  formed  in  the  cpibla.«t,  which  gradually  extends 
deeper  toward  the  brain — this  is  (he  labyrinth  pit  or  auditory  sac,  which  soon  becomes  fliuk- 
thaped  (Fig.  692,  A,  B). 

[The  Malk,  which  originally  connected  the  cavity  of  the  sac  with  the  .^lu'face,  persists  as  the  aqtie- 
ductui   veslibuli :   and  its  blind  swollen  distal  extremity  as  the  aaccus  endolymphaticus,  or 
recessns  vestjbuli  {//aifdoH,  Kig,  69a,  r,  p).}     The  pit  is  uUitnatcly  completely  cut  off  from   the 
60 
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cpililast,  just  like  the  leas,  and  is  now  called  llie  vesicle  of  the  labyrinth  or  primaiy  aoditocy 
vesicle.  lis  related  portion  forms  the  utricle.  Ihjm  which,  at  the  2cl  month,  ifae  semicirculv 
canals  and  ihc  cochlea  are  dcvclnixd  (Fig.  692,  I)),  The  union  with  the  tirain  occurs  lain,  thM^ 
with  the  development  of  the  auiiitory  nerve.  The  first  visceral  cleft  remains  a$  an  irregular  (Mungt 
from  the  Liuslachiin  lube  to  the  extciiial  auditory  meatus.     'I1ie  eufer  ear  appears  at  tbe  7th  week. 

Organ  of  Taste.— The  gii5tator>'  papillx  are  developed  in  the  later  period  of  intra -aterine  life, 
several  days  before  birth  the  taste-buds  appear  (Ar.  Jhrmann), 

453,  BIRTH. — With  the  growth  of  the  ovum,  the  tiierus  becomes  more 
tended,  its  walb  mure  imisctilar  and  more  vascular,  although  the  uterine  walls  are 
not  thicker  at  the  end  of  pregnancy.  Toward  the  end  of  gestation  the  cervi«l 
canal  is  intact  until  labor  begins,  or  at  any  rate  it  is  but  slightly  opened  up  at  iB 
upper  part.  After  a  iK'ritxl  of  280  days  of  gestation,  "labor"  begins,  whereby  the 
contents  of  the  uterus  are  discharged.  The  Labor  pains  occur  rhythmically  and 
periodically,  being  separated  from  each  other  by  inter\'als  free  from  pain.  Each 
pain  logins  gradually,  reaches  a  maximum,  and  then  sloftly  declines.  Wiih  each 
pain  the  heat  of  the  uterus  increases  (§  303),  while  the  heart-beat  of  Ihc  foetus 
iKcomes  slower  and  feebler,  which  is  dtielostimulatioit  of  thevagtis  10  the  meduIU 
oblongata  (S369,  3J. 

\Kx.  the  full  lime  the  membranes  and  placenta  line  the  uterus.  The  mem- 
branes consist,  from  within  outward,  of  amnion,  chorion,  decidua  reflexa,  anil 
decidua  vera.  The  fundi  of  the  uterine  glands  persist  in  the  deep  part  of  the 
decidua  vera,  and  thus  form  a  spongy  layer,  the  part  above  this  being  the  compact 
layer  in  the  deep  part  of  the  placenta,  f.  g.,  near  the  uterine  wall  j  we  have  also 
the  fundi  of  the  uterine  gland  persisting  in  the  decidua  serotina.  When  the  pla- 
centa and  membranes  are  expelled  after  birth,  (he  line  of  separation  cakes  place 
in  the  part  of  the  membranes  and  placenta  where  the  fundi  of  the  glands  persist. 
After  labor  is  completely  finished,  the  uterus  is  lined  by  the  remains  of  the  spongy 
layer  of  the  decidua  vera  and  serotina,  f.g.t  is  lined  by  a  lajer  which  contains  the 
fundi  of  the  uterine  glands.  The  new  mucous  membrane  is  regenerated  bv  the 
growth  of  the  epithelium  and  connective  tissue  in  this  part.  The  membranes 
expelled  are  made  up  of  amnion,  choriouj  decidual  reflexse,  and  the  compact 
layer  of  the  decidua  vera.] 

The  uterine  movements  during  labor  proceed  in  a  perislaUic  manner  from  the 
Fallopian  tube  to  the  cervix,  and  occupy  20  to  30  seconds.  In  thecur\'e  registered 
by  these  movements  there  is  usually  a  more  steep  ascent  than  descent. 

[Power  in  Ordinary  Labor. — Sometimes  the  ovum  is  expelled  whole,  the  mrmlmincs  ccotstn- 
ing  the  liijudr  iimnii  remaining  unruptured.  I'oppel  has  pointfr^  out  that  the  force  which  ru))tures  the 
liag  of  membranes  is  sufficient  to  complete  deliro'y,  so  that,  as  Matthews  Ihmcan  rciuitks,  tt>e  1 
strength  of  tbe  membranes  gives  us  a  means  of  aiicertotning  the  power  of  lalxn*  in  the  ea!tie:»t  diss  j 
of  natural  labors.  Matthews  Duncan,  from  cx|M:rimenls  oa  the  pressure  rc^iulred  to  rupture  tbr 
membranes,  concludes  that  the  great  majority  of  labors  are  completed  by  a  propelhi^  force  boc 
exceeding  40  lbs.] 

Polnillon  estimates  the  pressure  exerted  by  the  uterus  u|>on  the  ffrttu  at  each  pain  to  he  154  kilos. 
[33S.8  Ihs.].  so  that,  according  to  this  calculation,  the  uterus  at  each  pam  performs  8820  kik^ram- 
metrcs  of  work  {\  301).     fThts  estimate  is  certainly  far  loo  high.] 

After-Birtb. — After  the  fwtus  is  expelled,  the  placenta  remains  behind;  bat  it  is  loon  expe]le<l 
by  tbe  contractions  of^ihe  uterm.  I)uriu(j  the  conrraciion  of  the  uterus  to  expel  the  placenta,  a  MA 
inconsiderable  amount  of  the  placental  blood  is  fnrced  into  the  child  {\  40).  [It  U  more  profadbte 
that  the  child  oj-pirates  the  blood  from  the  fa;tus  portion  of  the  placenta,  lliis  can  be  seco  in  lite 
ligature  of  the  cord.  The  child  may  thus  gain  two  ounces  of  hlood.l  After  a  time  the  placcMa, 
the  membranes  and  the  decidua — constituting  the  afttr-birth — are  espellcd. 

Influence  of  Nerves  on  the  Uienis.— i.  Stimulation  of  the  hypogastric  plexa^  eaiuea  coit- 
Iroction  of  the  xitenis.     The  tibres  arise  from  the  sptnat  cord,  from  the  la'^I  dorsal,  and  upper  three  or 
four  lumbar  nerves  run  into  the  sym|.-aihetic,  and  then  reach  the  hypogaMnc  plexus  (/■iraii«r«<l 
a.  Stimulation  of  the  nervi   crigenlcs,  which   are  derived  from  the  sacral   plexus,  causes 
(f.   Bauh   and  Jfo/waHtt).     3.   Stimulation  of  the   lumlior  and   sacra!   parts  of  the    cnrd 
powerful  movements  (Sfiifgf/irrg-).     There  is  a  cntfrt  for  the  act  of  parturition   in  the  la 
region  of  the  cord  (J  362.6).     The  ui cms,  like  the  intestine,  probabtv  coutains   im/ef*ett,ifni 
paremhymatous  nerve  eentrei  (A'Anur),  which  can  be  excited  by  suspenaion  of  tlie  rcspiratioo.  aod 
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by  anmnia  {by  compresslDg  the  aorta,  or  rapid  hemorrhage).  Decreftse  of  the  bodily  temperature 
ftimint^hrs,  while  an  increase  of  tbt!  temperature  increases  the  movement,  which,  bowever,  ceases 
during  high  fever  {Fmmmt).  The  experiments  made  by  Rein  upon  bitches  show  that,  if  all  the 
nerves  g^ing  to  the  uterus  be  divided,  practically  all  the  functions  connected  with  conception,  preg* 
nancy,  and  parturition  can  take  place,  even  although  the  uterus  Is  separated  from  all  its  cerebro- 
spin^  connectiooii.  lience,  we  musl  look  to  the  presence  of  5<omc  automatic  ganglia  in  the 
uterus  itself.  According  to  Dembo,  there  is  a  centre  in  the  anterior  wall  of  the  vagin.1  of  the  rabbit. 
According  to  Ja&trebo^,  the  vaginn  of  the  rabbit  conlracls  rliythmically.  Sclerulic  acid  greatly 
excites  the  alerine  contmctioni  (r.  Sw/Vfic-ti  ),  so  does  axxisiaiti  [fCroneckfr  and  Jtjiire6tiff).  4, 
The  uterus  contracts  reflexly  on  stimulating  the  central  end  of  the  sciaiic  nerve  (v.  Baseh  and  liof- 
i»i<7««),  the  central  end  of  the  brachial  plexus  {SchUxingtr),  %-nA  llie  nipple  (.Sz-rtwiu/r*  V  5-  The 
ntcruR  is  supplied  by  p/nyw.j/ii/-«?/TM  (hypogastric  plexus),  which  come  from  the  splanchnic ;  and 
al!>o  by  vaiQ  dilator fibns,  the  latter  through  the  ncrvi  erigcntes.  The  vasomotor  nerves  arc  nfTccted 
reflexly  by  slimulatiim  of  the  sciatic  nerve  {v.  Basek  ami  HofmannY 

[In  the  rabbit  the  vagina  and  uterine  comua  exhibit  regular  movements  of  a  "  peristaltic  "  nature. 
These  exi-t  apart  from  any  extraneous  ntimulus,  and  are  probably  a  vital  property  of  the  tissue. 
They  can  be  deinonstrale<l  in  nnimaU  a  few  weeks  old,  and  hove  been  recorded  continuously  for 
many  hours.  Frequently  they  arc  more  vigorous  six  hours  after  than  at  the  Ivginning,  showing  that 
thcr  are  not  due  to  the  irrititlon  of  the  operation  necessary  to  demonstrate  ihem. 

Their  rate  and  extent  vary.  In  young  animals  they  are  fre<]uent  (\  \t>  4  per  minute],  but  irregular 
in  character.  In  nulliparous  adults  they  are  less  frequent  and  somewhat  more  regular.  Liuring  preg- 
nancy they  increase  greatly  In  extent,  and  iheir  rate  becomes  i  in  1 20  to  1 30  seconds.  These  char- 
acters arc  retained  after  pregnancy  for  many  months  at  least.  They  are  dimini.%hed  or  abolished  by 
chloroform  narcosis,  are  scarcely  o/fected  by  ether.  Water  at  too"  to  I30°  K.  produces  a  persistent 
contraction  accompanied  by  blanching  of  the  tissue.  Similar  effects  arc  produced  by  dilute  acetic 
acid  \Miinf  Aiurray),^ 

Lochia. — After  birth  the  whole  raucous  membrane  (decidua)  is  shed  ;  its  inner 
surface,  therefore,  represents  a  large  wounded  surface,  on  which  a  new  raucous 
raerahrane  is  developed.     The  discharge  given  off  after  birth  constitutes  the  lochia. 

Involution  of  the  Uterus. — After  birth  the  thick  muscular  mass  decreases 
in  size,  some  of  its  filires  undergoing  fatty  degeneration.  Within  the  lumen  of  the 
blood  vessels  of  the  uterus  itself,  there  begins  in  the  interna  of  these  vessels  a  pro- 
liferation of  the  connective-tissue  elements,  whereby  within  a  few  months  the 
blood  vessels  so  affected  become  completely  occluded.  The  smooth  muscular  fibres 
of  tht:  middle  coat  of  the  arteries  undergo  fatly  degeneration.  The  relatively 
large  vascular  spaces  in  the  region  of  the  placenta  are  tilled  by  blood  clols,  which 
are  ultimately  traversed  by  outgrowths  of  the  connective  tissue  of  the  vascular 
walls. 

Milk  Fever. — After  birth,  there  is  a  peculiar  action  on  the  vasomotor  systenl, 
constituting  milk  fever,  while  at  the  2d  to  3d  day  there  is  a  more  copiotis  suppW 
of  blood  to  the  mammary  gland  for  the  secretion  of  milk  (§  231).  [After  birth 
the  pulse  becomes  slow  and  remains  so  in  a  normal  puerpcrium.  The  so-called 
milk  fever  is  not  found  in  cases  where  strict  cleanliness  is  observed  during  the 
labor  and  piierperium.]  For  ihe  cause  of  the  first  respiration  in  the  child, 
see  p.  717. 

454.  COMPARATIVE— HISTORICAL  —A  sketch  of  thedevelopmentof  man  must  neces- 
sarily have  kome  reference  to  the  general  scheme  of  develnj>menl  In  the  Animal  Kingdom.  The 
que^ioD  as  to  bow  the  numerous  forms  of  aiiimnl  life  at  present  existing  on  the  globe  have  arisen 
ha-i  been  answered  in  several  wayn.  It  lias  l>ecii  usertctl  tlial  each  species  has  retained  its  characten 
unchangc  I  from  the  beginning,  so  that  we  speak  of  the  "  constancy  of  species."  This  view,  developed 
by  Linnxu^  Cuvier,  Agassis,  and  ot>icrs,  is  up])05Cil  by  that  supported  by  Lamarck,  iSo^.or  the 
doctrine  of  the  "  Unity  of  the  Animal  Kingdom,"  corresponding  to  the  ancient  view  of  Empcdocles, 
that  all  species  of  niiimats  were  derived  by  variations  from  a  few  fundamental  forms;  that  at  Rrst 
there  were  only  a  few  lower  forms  from  which  the  numerous  species  were  developed — a  view  sup- 
pone<l  by  Geoffrey  Si.  Hilairc  and  Goethe.  After  a  lon^  period  this  view  was  restateiJ  and  eluci- 
dated in  the  most  brilliant  and  most  frutlfut  manner  by  Charles  Darwin  in  \\yr.  "  Origin  of  Species  " 
(1859)  and  other  works.  Me  attempted  to  show  how  modifications  may  belirought  aJiout  !)y  uniform 
and  varying  comliiions  acting  for  a  long  lime.  Amnng  created  beings  each  one  struggles  with  its 
neightior,  so  thai  there  is  a  real  "  struggle  for  existence."  Many  quahlics,  such  as  vigor,  rapidity, 
color,  reproductive  activity,  etc.,  are  hereditary,  so  that  In  this  way  by  "  natural  selection  "  there 
may  be  a  gradual  improvement,  and  therewith  a  gradual  change  of  the  specie*.     In  arldiuon,  organ. 
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isms  can.  within  certsin  limita,  sccommodate  Ihenuclves  (o  their  sunoandiDgs  or  enviioameat. 
Thus  cenain  lueful  organs  or  |>arts  may  undergo  develupmcnt,  while  innctive  or  uMtlcM  pxrti  mar 
unilcrgo  retrogression,  and  form  **  rudimentary  organs."  This  proccis  of  ■*  nalural  ftelcctioo," 
causing  gr;it)ual  changes  in  (he  furm  of  urgnnitnit,  I'linU  Us  counter)Nirl  in  *' artificial  selectKm  ** 
stmong  pianu  and  animals.  Ufcederi  of  animals,  for  examfile,  by  Mltfciing  tlie  firoper  cro9»e»,  cm 
V'ithin  a  relatively  short  time  produce  very  material  aiteiutiuns  in  the  forro  and  chanctenoC  tbt 
animals  which  ihey  breed,  the  changes  being  more  pronounced  than  many  of  tbote  thai  Mfiarac 
well-defined  species.  Hut,  just  as  with  artificial  selection,  there  i».  s'jmetimes  a  sudden  "  revetsion" 
to  a  former  type,  so  in  the  development  of  species  by  natur.1l  selection  there  t5  sometimes  a  coodiiic« 
of.  atavism.  Obviously,  a.  wide  di&tril^tion  of  one  species  in  different  cUmaics  must  iucrcase  the 
liability  to  change,  ox  vcr>'  different  contliiioni  of  environment  come  into  play.  TTjus,  Ihc  miKtsttov 
of  organisms  may  gmduallv  lead  to  a  change  of  species. 

Biological  Law. — Wiihcul  di-'cusxing  the  dcvdopmcnt  of  different  organisms,  wc  may  refer  to 
the  ^*  funtiamtnfa!  bhh^cal  lnw  "  of  Hieckel,  vi;.,  •*  ibat  the  ontogeny  is  a  short  repetition  <A  the 
phylogcny,"  [ontogeny  being  the  liislory  of  the  development  of  siti^U  bcir)gs,  or  of  the  individoal 
from  the  ovum  onward,  while  phylogeny  is  the  hUtory  of  the  development  of  a  wAoir  U^ck 
of  organisms,  from  the  lowest  fotm^  of  the  scries  upward]  (p.  ■^^i).  When  applied  to  man. ibii 
law  asserts  that  the  indiviJual  stages  in  ihe  cimisc  of  the  development  of  the  hunuui  embryo,  f.  f« 
its  existence  as  a  unicellular  ovum,  as  a  group  of  cells  after  complete  cleavage,  is  a  blastodcmie 
vesicle,  as  an  organiMii  without  a  body  cavity,  etc.;  thai  these  stages  of  development  indicate  or 
represent  so  many  animal  forms,  through  which  the  humiin  s|>ccies  m  \\vt  course  of  untold  agea  ha 
been  gradually  evolved.  The  indivi'lual  .stages  which  lite  human  mce  has  pa»»ei  in  this  proccsA^ 
evolution  are  rapidly  rehearsed  in  itsembr)onic  devt^lnptnent.  This  conception  has  not  passed  wU^ 
out  challenge.  In  any  case,  the  comparison  of  the  human  development  and  its  individoal  orcan 
with  the  coiresponding  perfect  organs  of  lower  vertebrates  is  of  great  im[K>riance.  Thus,  a  mainul 
during  the  development  of  its  organs  is  oiigtnnlly  possessed  of  the  tubular  heait,  the  branchial  ckfts, 
the  undeveloped  brain,  the  Cartilaginous  chorda  dorsalis,  and  many  arTangcment<(  of  the  vascalar 
system,  etc. ),  which  are  permanent  throughout  the  life  of  the  lowest  vertebraies.  These  iocompleic 
Staines  are  )>erfcctcd  In  the  ascendiog  cla.v»es  of  vertebrates.  Still,  there  are  many  difficulties  to 
Contend  with  in  establishing  both  the  evolution  hypothesis  of  Darwin  and  the  biologicml  law  of 
llacckel. 

Historical. — Although  the  impetu.s  to  the  study  of  (he  hiitoty  of  development  has  beoi  (osM 
stimulated  in  recent  tmics,  (he  ancient  philosophers  held  distinct  but  very  varied  views  on  tbcqacs- 
ii«m  of  dcvelopanent.  Passing  over  the  views  of  Pyrhagoms  (,550  li  e.)  and  Anaxagnnii^  ($00  (t  '1), 
Kmpedocles  (473  h.  c.)  taught  that  the  embryo  was  nouhshed  through  the  umbitjcus;  while  m 
named  the  chorion  and  amnion,  tlippocrates  observed  incubated  eggs  frooi  day  to  day,  aobcoA 
that  thr  altantois  pmlrudcd  through  the  umbilicus,  and  ot>served  that  the  chick  escaped  from  tbecfX 
on  the  30th  day.  He  taught  thm  a  7  months'  foetus  was  viable,  and  explained  the  poutbtlity  «< 
suprrfirtaliun  from  the  bonis  of  the  uterus.  The  wntingK  of  Aristotle  (l>om  384  B.  1:  )  cantatn  Bwy 
references  to  development,  and  many  of  them  arc  already  referred  to  in  the  text.  He  tmght  tiltf 
the  emliTA'o  receive.s  1I.4  vasculor  supply  thiough  the  umbilical  vessels,  and  that  the  placenta  sacked 
the  blond  from  the  vascular  uterus  like  the  rootlets  of  a  tree  alisorbing  moisture.  He  fli  iinpiiihri 
the  polycotvledonaiy  from  the  diffuse  placenta;  and  he  referred  the  former  to  animals  witbosl a 
Complete  row  of  teeth  in  Ixith  jaws  Tn  the  incubated  egg  of  the  chick  he  distinguished  the  blocd 
vessels  of  the  umbilical  vesitle.  which  cotried  food  from  the  cavity  of  the  latler,  and  alsri  ihe  aUafr 
((■is.  He  aUo  observed  that  the  head  of  the  chick  Iny  on  its  tight  leg.  and  ihat  the  umhtlical  ac 
was  tiltimflitcly  absorbed  into  the  body.  The  formation  of  double  monstc-s  he  a*cnl<rt  to  the  onioa 
of  two  germs  or  two  embryos  lying  near  earh  other.  During  generation  the  female  prudoccs  iW 
matter,  the  male  the  principle  which  gives  it  form  and  motion.  There  are  also  numerous  refacocai 
to  reproduction  in  the  lower  animals.  Krasisirntus  (304  11.  c.)  described  the  embryo  as  arising  hf 
new  formalions  in  the  ovum — Epigenesis, — while  his  contemporary,  Hcmphilua,  found  that  the 
pregnant  uterus  was  closed.  He  wag  aware  of  the  glandular  nature  of  the  prostate,  and  named  tba 
vesicula;  seminalis  and  the  epididymis.  <ialen  ( 131-203  A.  I).)  was  ncijuaintcfl  with  the  est*tcatt 
of  the  Ibramen  ovale,  and  the  course  of  the  blood  in  Ibe  fcctiu  through  it,  and  through  the  duel* 
arteriosuii.  He  was  also  aware  of  the  physiological  relation  between  the  brcau  and  the  bkxid  tomIs 
of  the  uterus,  and  he  dcsciibcd  how  the  uterus  contracted  on  pressure  being  applied  to  it.  In  the 
Talmud  it  is  stated  that  an  animal  with  its  uterus  extirpated  may  live,  that  the  pubc»  separates  Avtmi 
birth,  and  tlicre  i«  a  record  of  a  case  of  Cx»arean  section,  the  child  l>eing  saved.  Sylvius  dcscntxd 
the  value  of  the  firamen  ovale;  VesaUus  ( 1540)  ihe  ovarian  follicles ;  Hustachius^f  1570)  the  dticSB 
arteriosus  (Botalli)  and  ihe  branches  of  the  umbilical  vein  lo  the  liver,  .\rantius  investigated  tke 
duct  which  t^cnrs  hi!!>  name,  and  he  a.ssrrtcd  that  the  um'iilical  arteries  do  not  anastomose  with  thr 
maternal  vessels  in  the  placenta.  In  l.ibaviu.s  (1597)  it  is  stated  that  the  child  may  cry  tm  Wm. 
Kiolan  (161$)  tvas  aware  of  the  existence  of  the  corpus  Highmoriaiium  testis.  I'avius  (1657)  iawiai- 
gated  the  ]K>silion  of  the  te^te^  iii  tlie  lumbar  rrgion  of  the  fiutus.  Harvey  ( I633)  slated  the  fands- 
mental  axiom,  "  Omm  vivum  ex  otv."  Fabricius  ab  Aquapendcnte  ( 1600)  collected  the  maloiali 
known  for  the  history  of  the  development  of  the  chick.     Kcgncr  de  Graaf  described  morv  cMtfttQr 
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the  follicles  which  bear  his  name,  and  he  found  a  mammalian  ovum  in  the  Fallopian  tube.  Swam- 
merdam  (-f  1685)  discovered  metamorphosis,  and  he  dissected  a  butterfly  from  the  chrysalis  before 
the  Grand  Duke  of  Tuscany.  He  described  the  cleavage  of  the  fn^'s  egg.  Malpighi  (f  1694) 
gave  a  good  description  of  the  development  of  the  chick  with  illustrations.  Hartsoecker  (1730) 
asserted  that  the  spermatozoa  pass  into  the  ovum.  The  6rst  half  of  the  iSth  century  was  occupied 
with  a  discussion  as  to  whether  the  ovum  or  the  sperm  was  the  more  important  for  the  new  forma- 
tion (the  Ovulists  and  Spermatisls);  and  also  as  to  whether  the  foetus  was  formed  or  developed 
within  the  ovum  (Epigenesis),  or  if  it  merely  increased  in  growth.  The  question  of  spontaneous 
generation  has  been  frequently  investigated  since  the  time  of  Needham  in  1745. 

Nevr  Epoch. — A  new  epoch  began  with  Caspar  Fried.  Wolff  (1759),  who  was  the  first  to  teach 
that  the  embryo  was  formed  from  layers,  and  that  the  tissues  were  composed  of  smaller  parts  (corres- 
ponding to  the  cells  of  the  present  period).  He  observed  exactly  the  formation  of  the  intestine. 
William  Hunter  (1775)  described  the  membranes  of  the  pregnant  uterus.  Scemmering  (1799) 
described  the  formation  of  the  external  human  configunUion,  and  Oken  and  Kieser  that  of  the  intes- 
tines. Oken  and  Goethe  taught  that  the  skull  was  composed  of  vertebrae.  Tiedemann  described 
the  formation  of  the  brain,  and  Meckel  that  of  monsters.  The  basis  for  the  study  of  the  develop- 
ment of  an  animal  from  the  layers  of  the  embryo  was  laid  by  the  researches  of  Pander  (1817),  Carl 
Ernst  v.  Baer  (1S28-1834),  Remak,  and  many  other  observers;  and  Schwann  was  the  tirst  to  trace 
the  development  of  all  the  tissues  from  the  ovum.  [Schhiden  enunciated  the  cell  theory  with  refer- 
ence to  the  minute  structure  uf  v^etable  tissues,  while  Schwann  applied  the  theory  to  the  structure 
of  animal  tissues.  Among  those  whose  names  are  most  prominent  in  connection  with  the  evolution 
of  this  theory  are  Martin  Barry,  von  Mohl,  Leydig,  Remak,  Goodsir,  Virchow,  Beale,  Max  Schultze 
BrUcke,  and  a  host  of  recent  observers.] 
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— Hermann,  Kxpt.  Toxicologic,  1S74.— W.  Rutherfordi  A  Text-book  of  Physiology,  pt-  i.  1  ■'>' 
burgh,  1880. — W-.  B.  Carpenter,  Princip.  of  PhvB..  Sih  ed.,  edited  by  Power,  I^ndoo,  iS;--  -J. 
Bcclard,  Traiii^  elcm.   dc   Phys.,  Paris,   1.S80- — Cohnheim,  Voflesangen  U.  allgen.   Pafbok^ie. 
Berlin.  1S80,— Huxley's  Etcnients.  iSSf.^H.  Beaunis,  Noiiveaux  dements  de  Phywilo0c  ho 
maiite,  2d  c<l.,  iSai. — Flint,  Tcxlborik,  New  York,  1S76;  and  Phys,  of  Man,  iStrfi-lg/^. — KirVci, 
Handbook  of  Physiology,  I  ith  cd.  1884. —Dalton,  Text  f>ook.  1882— J.  G.  M'Keodnck.     - 
book   of  Physiology,  (-Hasgow,  iSSS. — Samuel,   Ilandb.  d.  allg.   Path.,  S»ult.,   1S70 — The    .■ 
of  Herbert  Spencer  and  G.   H,  Lewes. — E.  D.  Mapother,  Manual  of  Physiology,  jd  fi!      r 
wriltcD  by  J.  P.  Kiioti.  Oublin.  1SS2.— A.  Fick,  Curapei.dmm  d.   Phys..  1883. — Stelner.  Iln-i . 
ogic,  4th  ed.,  Leipr-ig,  1888. — Nuel  and   Fri:dcncq,  Kl^m.  dc   I'hys.,  (land,  1SS3. — Ptcyer.  I  c 
mcnte  der  allgemciDen  Pbysiologie,  i88,v — T.  Lauder-Brunlon,  Ph.irmacolog>-,  ThcraprriiK*. 
ami    Materia    Mcdica,   1SS7. — H.   Power,   ElcmcnU  of  Phywol..  I-omloo,  1SS4 — Wundt.   I'tw 
mH.,  187S— Daniell,  Tcxi  Ixiok  of  the  Principle*  of  Physics.  1SS4.— Fick,  Med.  Phy*ilt..  r  !  • 
18S4. — M'Oregor  Robertson,  Physiological  Physics,  Ijondoo,  1885.— Draper,  Med.  rt.>«». 
iS85.^Yco,  Manual  of  Physinlogy,  2d  cd  .  Ixindon,  1887.— L.  v.  ThanhofTcr,  (*nindnle<r  4. 
vergl.  Physiologic  o.  Histologic,  Stmtgart,  :885. — Ziegler.  Text-book  of  Path.  AnaL  (traits,  by  li. 
Macalislcr).  1K83-1884.— P.  H.  Pye-Smith,  Syllabus  of  Lectures  on  Pliysiology,  l.ondon.  i*'^— 
Chapman,  Treatise  on  Human  Phys  ,  Pbilad.,  1H87, — Klein,  Microdrganisms  and   Iiisea&e.  ii94- 
— Magnin  and  Steinberg,  IJnctcrin,  :8S4. — Woodhead  and  Hare,  Myco!ogj',  1885 — Crook* 
shank,   llnctcriulogy,    1S.S6. — Davis,  Text  book  of  Biol.,  London,   1SS8. — Vines,  Ph^iolc^jy  ol 
Planb — Atbertoni  and  Slefani,  Manuatc  di  Kiuul.  umana,  1888. — Ellenberger,  l^hrK  d.  <reTt 
leich.  Ilistol.  u,  PhyMo).  d.  Hau-thicre,  Uerlin,  1SS7. —  Landois  and  Stirling,  Text-book,  id  cd, 
18SS. 

YEARLY   REPORTS.  BrBLIOCRAPHTCAL  WORKS.— 1834-1837  : '*  Jahrrsbchchte  tba 

die  Kortschritlc  der  Physiol  oeie."  by  Job.  Maller,in  hts  .\rchi».— 1S38-1846:  by  Th.  L.  Bis:Ti:5 
ebemta. —  1S36-1S43:  iti  "'  Kcpertorium  fiir  Anatomic  und  Ph>-sioli^ie,"  liy  G.  Valentin.  S  1 
1856-1S71 :  in  "  Zcitschrift  flir  rationcllc   Mcdicin,'' by  G.  Mciasner,  and  r-Mnrtn-.i   .1-.,       [-: 
under  the  tiiU' — "  [ohrcstwriehic  ilbcr  die  Forischriitc  der  .Xnaiotnic  iind  V-  Huf- 

nann,  ami  G.  Scbwalbe,  Leipzig.— 1 84 1 -1865 :  Jahresbericlit  m^er  die  Fltl      :  T.nvrv 
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Medicin,  by  Canstatt,  continued  by  Virchow  and  Hirscb. — 1822-1849:  Proriep's  NolUcn,  loi 
vol*.  (References  and  Hibliwyr^pliy) — CeiUralbUu  fUr  die  mcdiciniscJicn  \Vib5enschnrteti,  Herlio ; 
yearly  since  1S63. — Biologischc^i  Ctntralltbti,  Erlangen,  since  iSSi. — 1817-1818:  Isis,  by  Oken. — 
Catalogue  of  Sciertitic  Papers  compiled  and  published  by  Ihe  Rnynl  Society  of  London,  1800-1873, 
8  Tols. — Engelmann,  1700-1846:  Biblioiheca  hiitorico-naiuralis  (Titles  of  Hooks  oa  Comparative 
Pbywology).--Jahrbuch  dcr  gesammten  Medicin.  by  Schmidt,  aiucc  1826. — Bibliotheca  aDatoniica 
<|ua  scripts,  acl  anfllomcii  cl  physioliigiam  factentia  a  rerum  initus  recensentur  auclore  Alberto  von 
Haller,  2  voU.  (important  for  Ihe  ol.Jer  literature  up  to  1776)  — Yearly  Hq>orts  on  Physiology,  in 
Journal  of  Anat.  and  Phys.,  by  Rutherford,  Gamgee,  and  Stirling;  alfio  Monthly  Reports  in 
London  Med.  Record,  since  \t%  commrncemcnt  in  1S73  — Index  medicus. — Neurologischca  Ccnlral- 
bloit.— Med.  bibliographic  by  A.  WUrzburg,  since  iSS6. — Fort&chriU  d.  Me<l. 

HISTORICAL. —Kurt  Sprengel,  Versuch  einer  pragmatischcn  GeschicHte  der  Antncykunde, 
3d  ed.,  1821. — W.  Hamilton.  Hi^t.  of  Med.  Surg,  and  Anat.,  1831. — Bo8tock*8  Syw.  of  Phys., 
3d  ed,,  1836 — J.  C-  Poggcndorf,  Geschichte  der  cxacten  Wissenachaft,  1S63.— J.  Qoodsir,  Titles 
of  Papers  on  Aiint.  and  Pbys.,  1S49-1852.  Edin.,  1853. — Meyer,  (icich.  d.  Ilotanik,  Kflnigs., 
1854-1S57.— H.  Haeser,  I^hrbuch  der  Geschichte  der  Medicin,  Jena,  1S75. — Julius  Sacbs, 
Geschichte  dcr  Itotnnik  scit  16.  Jatirh.  bis  i860;  1875. — Bouchut,  Hist,  de  la  mid.,  Paris,  1873.— 
Pournii,  Applic.  dc  U  scicn  a  la  m£d  ,  Paris,  1873 — Willis's  William  llarvey,  1878;  and  hU 
Scrvetus  and  Calvin,  I^ondon,  1S77.     Bic^raphischca  I-.cxikon,  VienDu,  1884. 

ENCYCLOP.KUIAS.— R.  'Wagner.  Handwflrlerbuch  der  Physiolosic,  4  vols.,  1S42-1853— 
R.  B.  Todd,  The  Cycloixcdia  of  Anaiomy  an-l  Physiology,  1S36-1.S52. — Picrer  and  N.  Choulant» 
Analomisch-physiolo^iiKhes  Rwilwoiteibuch,  8  vols..  1816-1829. — L-  Hermann.  Ilandbuch  dcr 
Physiologic,  1S79-1884.     Rea'-Encyclup,  d.  gewra,  Med.,  ediicd  by  Eulenbcrg,  Wicn,  18SS. 

PRACTICAL  WORK  IN  THE  LABORATORY.— R.  Qacheidlen,  Physiologische  Meth- 
odik,  1S76  (not  yet  compleled). — E.  Cyon.  Methodik  der  physiologischen  Experimcnie  u.  ViviseU- 
liqnen,  with  Aibs,  1S76  (only  one  part  isMied).  Ott,  The  Actions  of  Medicines,  I'lijl.,  1S78. — 
Claude  Bernard  and  Huette  Pr^cisicnnogrsphiquede  mcdeciiie  operaloire  etd'anaiomie  chinirgi- 
cale,  wilh  ll_^  plates  1873  ;  alsfj  Lecons  dc  physioloyie  opcratoirc  (edited  by  Duval),  Paris,  1879.— 
Sanderson,  Foster,  Klein,  nnd  Brunton,  H;iiidlx]ok  for  the  ]*hy!<iologicat  Laboratory  (Text  and 
Atlas).  The  French  edition  contains  additional  milter. — Rutherford,  Outlines  of  Pruct.  Hist., 
1876, — Meade-Smith,  Trans,  nf  Ilcnnann's  Toxicol. — J.Burdon  Sanderson.  Practical  Exercises 
in  Physioloi;y,  I^ndon,  iStS2. — Foster  and  Langley,  iVact,  I'hys..  London.  1884. — B.  Stewart 
and  Gee,  Pract.  Physics. — Vierordt,  Anal.  PhirT-ioI.  u.  Physik.  Daten  u.  Tnlicllcn,  Jena,  1S8.S  — 
Milller-Pouillet,  Lchrb.  (I.  I'bysik.,  Sth  ed  ,  Braunschweig. — WiUIner,  l-chrb,  d.  cxp.  Physik. — 
Lrivon.  Manuel  de  Vivisect,,  I'aris,  188a. — Harris  and  Power,  Manual  for  Ihe  Phys.  Lab.,  5lh  ed., 
1S88. — Straus-Durckheiro,  Anat  descrip.  comp.  du,  chtu,  Pari<;,  184^; — W.  Krause.  Die  Anato- 
mie  des  Kaninchens,  Leipzig,  2d  cd..  18^3 — A.  Ecker,  Die  .Anatomic  des  Froschc-i,  1864-1882, 
2d  ed..  |it.  i,  188S. — Biolog.  Memuirs,  edited  by  Burdon-Sanderaon^^Stirling,  Outlines  ol 
PmcL  ITiysiol,  Lond.,  1S8S. 

SPECIAL  LABORATORY  REPORTS,— LudwJg  and  his  pupils,  Arbeilen  aiLs  der  physio- 
logischeii  Amtolt  in  Leip,riy.  since  1866. — Burdon-Sanderson  and  SchAfer.  f^uUcctcd  papers 
from  the  I'hvsiological  Laboratory  of  University  College,  London,  1876-1885. — Gamgee,  .Studies 
from  the  Ph)'5ioIogical  Laboratory  of  Owens  College,  Manchester,  1877-78. — Traube.  Beilr.  t. 
Path.  u.  Pliys..  Berlin,  1871. — ^J.  Czermak,  Gesammelle  Schriften,  1879. — Marey,  Phy-iologie  ea- 
p^nmeniale.  Travaux  du  laboratoire.  Paris,  1S75. — L.  Ranvier,  I^boratotrc  d'hislologie  du  Collige 
dc  France.  IVia,  since  iS75.—Loven,  Physiol.  Miitheil.,  Stockholm,  1882-84. — W.  Kilhne.  Un- 
terToichungen  des  physiologif^chcn  Instimts  der  ITniversiifli.  Heidelberg,  since  1S77. — R.  Heiden- 
bain,  Studien  dcs  physiologischcn  Institots  lu  Brealau,  1S61-68. — Strieker,  Sludien  nus  deui  Insti- 
tute fiir  cxpenme-nlellc  l'alhi)loj;i(r,  Vienna. — ^John  Reid.  Iliysiological  and  Anatomical  Researches, 
Edinburgh,  1848. — Rollett'a  Unlersuch.  a.  d  Inst,  zu  Gmtx,  since  f87(). — Schenk,  Miith.  a.  d. 
embryol.  Inal.  z.  Wien,  1S77-. — Preyer,  Sammlung  phys.  .Ahhandl.,  Jena,  1877. — Von  Wil- 
tich,  Miiih.  a.  d.  Konigsb.  Phys.  Lab  ,  1878, — Rossbach,  I*h.irmacol.  Untcrs.  WQrzb.,  1873,— 
Pick,  .'Vrb.  a.  d.  Wilrzhurger  llochschule,  WUrzburg,  1S72. — Hoppe-Seyler,  Mcd.-chem,  Unten., 
1866-71. — Laborde,  Travaux  dc  Lah.  de  Phys.  de  In  Faciiiti'  de  Med.,  Pori^,  1S85.  Studies  from 
the  Biol.  Ijb.  of  Oweus  College,  p(.  i,  1SS6. — Tigerstedt,  Mittb.  v.  d.  phys.  Ijib.  in  .Stockholm, 
1 888. 

lOURNAUS,  PERIODICALS.— Archiv  fUr  die  Physiologic,  by  J.  C.  ReU  and  Autcorcith.  12 
*ots.,  Halle,  1796-1815.  Continued  aj — Denlsches  Archiv  fiir  die  Physiologic,  by  J.  F.  Meckel, 
8  vols.,  Halle,  181 5-1823.  Continued  as — .\rchiv  Pur  Anatomic  nnd  ITiysiologie,  by  J.  F.Meckel, 
6  vols.,  I^ipzig,  1826-1832.  Continued  ai — Archiv  tUr  Analomie  und  wissenschaftlichc  Medicin, 
by  Johannes  MiiJler,  25  vol-*,.  Ilerlin.  1S34-185S.  Continued  under  the  uime  ttt'ehy — C.  B. 
Reichert  and  E.  du  Bois-Reymond,  1S59-1S76.  When  it  was  divided  m/o— ^A-ilschrift  fUr 
Anatomic  und  Entu-ickelung»geschiclite,  by  W.  His  and  Braune,  and  Archiv  fiir  I'liysiologie,  by 
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B.  du  Boi»-Reyniond,  qqUI  1877.  Is  e^mfitumi  aj—hrtSmt  fUr  Aaiioatte  ■od  I^jMlnp*  ^ 
W.  His,  W.  Braune,  and  E.  du  Bois-Reymond. — Archiv  fSr  die  |^r  wlr 
Metuchen  uod  <1er  1  )ii?r«.  l/y  E.  F.  W.  Pfiilger.  Ik>nD,tmee  186S.— Zauchriftftr  BbkbpcafiM 
from  iS6$  by  Buhl,  Pettenkofer,  Voit,  uid  Radlkofcr;  from  1S73  bjr  iSk  fivattkiee.  sad  wer 
iSSo  by  Pettecikofer  >od  Voit.  [frescntir  hj  Voit  and  XQline. — JoonuJ  de  Pbjiiinfagjh  o^bd- 
mentaW  et  p«thnlogi[|ue.  In- F.  Magendie,  II  vols  ,  ParU.  iSll-lSjl. — j^ilselutt  ArdicaqpiMH:^ 
l%ysik.  bj  C.  F.  Heusin'i^r,  4  vols.,  EiMOKch,  i$37  182S— Zeitsdirift  Or  nmiolepe.  W  F 
Tiedemann  sod  Treviranus,  5  vols..  1824-1835. — Journal  de  I'analonot  ct  de  la 
oonnalcs  0  pAtholos^qnes  de  I'homme  ct  Aa  animauK,  hy  Ch.  Robin  and  Paocht, 
Archives  de  pliynologK  nonnale  el  pathologiqoc.  l>y  Brown-Scquord,  CbarcM,  Va^taa.  Nm. 
siace  186$. — ^Juanial  of  Anatomy  and  T^ysulogr.  ciiitcd  liv  Humphry,  Tnmer.  aa4  MTteaArict, 
Since  1867. — Journal  of  Physiology,  edited  by  M.  Foster,  since  1S78. — Ar^i«ea  Ixabcaaa  de 
nioloirie,  by  C.  Emery  and  A.  Moaao,  since  iSSr. — AnaalcTk  dc  tctenccs  naiovdlcs,  Vmm,  amx 
1824. — Archives  de  /oolocie  exp^rimentalr  n  generale  t^  L^caze  Duthier*.  Twnk,  aacc  l97S.~ 
Archives  de  Hiologic,  by  Ed.  van  Benedeo,  and  Ch.  van  Bambeke.  unce  tS&x — Titftmitt^ 
Ccntralblaii,  W  Exner  and  Gad,  Qnce  1887.— Zettscbrift  fOr  wtacenKhaltlichc  Zoolope»  by  C.  T- 
voD  Siebold  and  A.  von  KoUiker.  Leipzig,  lioce  18419- — Arcfaiv  iur  pabolopadK  AnaioMe  wA 
Fhpiolo^c  on  I  fiir  Uint»che  Median,  by  R.  Vircbow^  Berlin,  since  1847,— Znl-  C  viMcaKk. 
Mikroacop  ,  Behrcns,  liraunschweig. — Archiv  fur  Xatur^eschicbtr,  It  Wiegmano  \  tmitmmtHf 
Ericbaen  and  Troscbel,  Bertin,  since  1S35. — Vntcriochongen  fur  Narnrlehrr  de<  M^Mcfaea  mii 
der  Thierr,  by  Jac.  Moleschott,  since  1857. — Z«itschrifi  fir  raiionclle  Mc<ticin.  Hcnic.  Pfaafcr. 
and  Meissner. — Siuungsberichle  der  Akadcmie  der  Wtssoucluflen  (MaLli.  NaL  Was.  Qmar,, 
Vienna. — FhUoaopbical  Transactions,  London. — Proccedhies  of  tbe  Royal  Society,  Loodcn. — Tra^- 
actionsof  tbe  Royal  Society,  Edinbtu-gh. — Proceedings  of  (he  Rcyal  Society,  Ediabai^. — Qwv 
terty  MicroscopicAl  joamal,  London. — MonlMy  Microscopical  Journal,  London. — JoaiKal  o^  tkr 
Royal.  Micmccopical  Society,  T^ndoo. — Coniptcs  rtodus,  Paris — .^natotnuebes  Anieigy. — 4ada 
Medicus. — Colm,  Bcitrage  nir  Phyiiolc^c  der  Pflanien,  Bre»iaii,  1872. — Tbe  I^iloaophiol 
line,  I-Uiitibur^h.  I^ondon,  and  Gunbridge. — Hoiaon  Medical  and  .Sorgical  Jonmal.^— V 
der  pbysikal.-medicintscbcn  GesellschaA  zo  WCir^borg. — Archives  of  McdioDC,  edited  by  I.. 
Ixodon,  1856. — Anoab  and  Magazine  of  Natural  Hi%tr>ry. — .\a&ales  (MtJiKiiiea)  Aichln*  da 
Mos^am  d'histdre  nuurelle.  Taris.— Jenaiwhe  Zeiiscbnft  rQr  N'alurwisseDSchaft. — M^awaa-a  de 
rAcademie  des  Sciences  de  rinstilut  dc  France.  Parb. — Morpholugiscbcs  Jabrbocb,  by  C.  Gcgcs- 
haur,  Knee  1876. — Nova  Acui  Acodennj:  I^eopoldlRo-CaroIinz. — ZocJogiacber  Anza^er.  by  V. 
Cams,  since  1&7S.— Abhandlu^en  and  Monitsbenchte  der  k.  preosuscben  Akadcauc  der  Wimcb- 
scbafi  zu  BerUn. — .\rduv  fUr  eirperimenielle  Paibologte  sod  Ffaamakolofie,  fay  Natsnyii  aal 
Schreiber.  I^iprig.  since  1873. — Deoischcs  Archiv  fQr  klin.  Medtcto.  by  v.  Ztemaaeft  and  Xaa 
kcT,  LdpuQ. — Journal  de  Fharmacic  ct  de  Cbimie,  Parxi.— Archiv  fllr  PqrdiiiKrie  ia>d  Nervcnknnk 
bciten,  ay  Gadden  and  others,  Berlin,  since  1S68. — Archiv  for  wtssaischaMicbe  and  praJoii^* 

Tbierheilkunde,  by  Roloff,    lieriin.   1874. — Archives  gctlfrjles  de  m^dectoe.    Puis Hnia,   ftnce 

1879.  edited  by  de  Watteville. — Archives  de  Neurologic,  \iy  Charcot,   Paris.  1S75.— Z^.  f. 
gicDC.  by  Koch  and   Fltigge. — The  various  Medical  journals,  including  the   Lancet  and 
Medical  Journal.  Edinburgh   Medical  Juuinal,  London  Medical  Record.  New  Vork  Med.  R 
Practitioner,  Medical  Chronicle.— Arch,  for  OtoIfj|;y,  N.  V. — Arch,  for  Opblbal.,  H,  V. 
J<jur.  of  Med.  .Sciences,  Edin. — Revue  de  Med.,  Paris. — Zek.  1  Klin.  Med.,  BerltB. — laienL 
nalssch.  f.  .^nat.  0.  Physiol. — Asclepiad. — Nature, 

HISTOLOGY. — Henle,  Handlmch  der  syrtemaliHrhen  Analocnte  des  Meoacbeat  3d  ed.»  I 
18S3. — Rutherford,  Outlines  of  Pract.  Hi<aol..  1&76.— W.  Krause,  AUgrmetne  -and 
ische  Anatomic,  Hannover,  1S76.— F.  Leydig.  Lehrbuch  der  Histologic  dca  Mcsucbea  sad 
Thierc,  Hamm,  1857  ;  and  his  Unlersuchungen,  1SS3 ;  and  his  Zcll  u.  Gewcbe,  Bo«uk,  18S5. — ^V.' 
Mibalkovics,  General  .Anatomy  (Hungarian^  1S81.— L.  Ranvicr.  Trait^  techn»<|ac  dlnsljologiie, 
Paris,  i875'l8SS. — G.  Schwalbe,  lehrbuch  der  Nenrolopc,  Erbr^en,  iHSl  ;  Lehrb.  d.  AnaL  d. 
Sinnesorgaoe. — S.  Strieker,  liandliuok  of  llisfo'cgy  (translated  I7  the  New  Sydcnhan  SocictyV- 
1871-1873. — Archiv  fiir  mikrrskoT'iM.'hi;  Anatomic,  Ikmo :  edited  formerty  by  Max  Scbnltxe,  wkA 
presently  by  Waldeyer  and  La  Valette.— Quarterly  MrcroBCoptcal  Joomal.  LondoeL — Montbly 
Microscopical  Journal,  Liimdon. — Journal  of  the  Koyal  Microscopical  Society.  Loodoa. — Scbwasa. 
Mikrosk.  Untersuch.,  1838  (translAted  by  the  Sydenham  Sodeiy.  1847)-— WT.  KOhsae,  Daj  I^oCo- 
plasma,  Leipzig,  1S64.— Max  Scbultze,  Das  Prrtoplasma,  Ixipiig,  1S63. — R.  Vtrchow,  Die 
lular  Paihologie  (translated  U'  CbaDCe),  i860. — L.  Beale,  The  Srrnctore  of  tbe  Elementary 
sues.  London,  1881. — A.  KOUiker,  .K  Manual  of  Human  Microscopic  Anaiosny,  Loodoas,  I 
and  bis  Icnoes  Histolog.,  I.eip.,  1864.— J.  Goodsir.  Anatomical  and  Pathological 
edited  by  W.  Tarner,  Edinburgh— Quain"s  .-Vnatomy.  oth  cd.,  edited  by  A.  Tbomaoo, 
and  Thane.  London.  i882.-~Rindflei8Ch.  .A  Manual  of  Pathological  .Anaicuny  (tramlated 
Barter).  Ijondoo,  1873. — C.  Toldt,  Lcbrbuch  der  Gewel>elehre.  SiuUgart,  3J  ed.,  1 
Klein  and  E.  Noble-Smiih,  Atlas  of  Histnlogy,  lomdoa,  1872, — H.  Frey.  Handbudi 
tolo^ic  und  HisLochcmkr  dcs  Men&chen,  Leiprigi  1876.  Crandiflge,  1SS5.  and  I>as  MikrosI 
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APPENDIX  B. 

COMPARISON  OF  THE  METRICAL  WITH  THE  COMMON  MEASURES. 
By  Dk.  Warren  De  la  Rue. 


MEASURES  OF  LENGTH. 


Millimetre 

Centimetre 

Decimetre 

Metre 

Decametre   ...       

Hectometre     

Kilometre 

Myriometre     .   .       

I  Inch  =■  3.539954  Centimetres. 


In  &iglish  Inches. 


0,03937 
0-3937* 

3-93708 

39-37079 

393- 70790 

3937.07900 

39370.79000 

393707.90000 


Id  English  Feet  ' 
12  Inches. 


0.0039809 
0.0398090 
0.3380S99 
3.380899a 

33.8089930 

338.0899200 

3380.8993000 

33&08 .9930000 


In  English  Yards  1 
3  Feel. 


0.0010936 

0.0109363 

0.1003633 

»  0936331 

10.9363310 

>o9  1633100 

1093.6331000 

10936. 3310000 


I       t  Foot  n  3  0479449  Decimetres. 
MEASURES  OF  CAPACITY. 


Millilitre  or  cubic  centimetre  .  . 
Centilitre  or  10  cubic  centimetres 
Decilitre  or  too  cubic  centimetres 
Litre  or  Cubic  decimetre     ,  .   .  . 

Decalitre  or  ceniJstere 

Hectolitre  or  decistere 

Kilolitre  or  stcre,  or  cubic  metre  , 
Myriolitre  ordecastere 


In  Cubic  Inches. 

In  Cubic  Feet  sa  1738 
Cubic  Inches. 

0.061037 

00000353 

0.6 1037 1 

0.0003533 

6.103705 

0  ■00353 '7 

61.037053 

0.0353166 

610.370515 

o.353»6s8 

6103.705153 

3-53«658i 

61037.051519 

35.3165807 

6I0370.ST5I94 

353  1658074 

I       I  Yard  =  0.91438348  Metre. 


In  Pints  ■■  34.6593J 
Cubic  Inches. 


o. 001 761 
0.017608 
0.176077 

»■  7^773 

» 7  607734 

176.077341 

>76o. 773414 

>76o7-734>40 


I  Cubic  Inch  st  16.3861759  Cubic  Centimetres.  |  t  Cubic  Foot  ^  38.3153119  Cubic  Decimetres. 

The  UHiT  OF  voLUHB  is  1  Cubic  Centimetre. 


MEASURES  OK  WEIGHT. 


Milligramme  . 
Centigramme  . 
Decigraiiiinc  , 
Grumnic  .  .  , 
Decagr;iini]ic  . 
Hccioi^ramme 
KtloKriimiiic 
MyTiy(.;nimnie 


In  English  Grains. 

In  Troy  Ounces  •= 
480  Grains. 

0.015433 

0.000033 

o'54323 

0.000333 

>  543^35 

0.003JI5 

'^  A.i^H'i 

0.03^151 

i54-3-'34»8 

0.321507 

I543,■J^4K8o 

3-^15073 

154J2. 34880^1 

31.150727 

1543^3. 489.K)o 

321.5.^7^67 

In  Avoirdupois  Lbs. 
7000  Grains. 


0.0000039 

O  00>CU30 

o,oi«  j;')5 

O.'JOJ.  J4^ 

;  a  .*(  .13 


The  I'Nii    01-    M.\ss  ill  tlic  nieiric:il  s)sti;m  is  1  Gramme,  which   is  the  mass  or  weiglii  of  i  Cul'ic  Lent  luelre 
1(1  C.C.I  i>f  w.iH-T  at  4°  C,  /.(■,,  at  its  temperature  cf  tuaxiiiiLiin  den>iiy. 

CORKKSI'ONDING  DKCKKKS  l.\  THK  KAHKKNHEET  AND  CKMHiR.M>K  SCAI.KS 


K.ihr. 

Cent, 

Fiihr. 

Cent. 

Fahr. 

C.Mit. 

Cent. 

Fahr. 

1  Cent 

Fahr. 

Cem. 

F..- 

SOO"  . 

.  a6o^.o 

u-P  . 

.  6o'^o 

*^°- 

-         4^-4 

ioqo  . 

.  aia°.o 

60J 

..  140*^.0 

ao""  . 

.    6S 

4^-fi  . 

.  -^33-^. 2 

I  !  =  ■-'  . 

.    57''.  2 

is°  . 

''-"'■7 

,j3'^  . 

.  2<.8'-'.4 

1    .a- 

.,  i_.'.-'.4 

IS-  . 

.      r  . 

^,..^  . 

.  3-4'',4 

I,.''. 

■  S4'^-4 

33"  . 

1.0  0 

i,lfi  . 

.  31^4",  3 

S'.-' 

..  .3.-",8 

1'.-  . 

.    r. 

1...-. 

■  'T^"-? 

l-S='. 

.  S.°.7 

3-°  ■ 

.  —  I-'.  I 

■M'^  . 

.   3',>l~\3 

i    ^^" 

..  i-V^J 

t         14-'. 

:• 

!'»■'  . 

.  ,^H'\.) 

12U"    . 

.  48".^ 

.■^■=  . 

■  ~  ^'l  '^ 

q-. 

.  1^7°  f. 

..  i.i!>-^6 

1  .-  ■■ 

.      1  . 

212-'  . 

.  loo'^.o 

IIS"^    . 

.  46'^.  1 

.  -  6^7 

90°. 

■  i94'^-0 

vy- 

..  132^.0 

1         10^. 

SO 

-Jio'"'  . 

.    1)8"^  <j 

1  111"    . 

■  43'^  3 

IS''- 

.  —  0^.4 

M-^  . 

■  I9'°-4 

■      4S'> 

..  lie''. 4 

fa-'  . 

-.'os-^  . 

.    .)6^'  1 

Il.•^'^    . 

.  4''^.5 

10"  . 

.    —1^-^.2 

86°  . 

.  ia6'^,8 

'      4^-' 

..  in-  3 

(-.^  . 

■     4- 

20CP  . 

■    93'-3 

100''   . 

■  37'^-8 

s'^ 

.  —is"  " 

84''  . 

■    183'^.  3 

44" 

..  n  1'-^  3 

«^-. 

"95°  ■ 

.     O'j"  s 

••^■'    ■ 

■  3i°o 

0^  . 

.  -17^'  8 

8.;°  . 

.  .79^.6 

,       4^^ 

..  1-7-^  6 

J''    . 

;^ 

lyfjO  . 

.     hyi^  S 

•.)■'"   . 

.    VJO.^ 

—  5'^  ■ 

.  —jo"  5 

80^  , 

.  i76°,o 

40-' 

-  lu-^^3 

0-    . 

-    V 

18';'^  . 

.       S-,".M 

V:-~P  . 

-  V.4 

10'-*   . 

■  —  =  3''  J 

78". 

■  •7''^  4 

^H-^ 

..   I'.''^  4 

.    —    .'  ^  - 

iH-fi  . 

.      Sj^2 

^r-  . 

.  --6^.7 

->s^- 

.  — j'i".i 

7f.^  . 

.  16^'^  8 

36-^ 

..    yC'  8 

'    —    4-''  . 

■    -■» 

17',°. 

■     7-/^4 

73'^  ■ 

■  '3"9 

—  ;o"  . 

.  — aS^'  9 

7*^  ■ 

-  lOs'^  i 

M'- 

..    .)l^.3 

-     t>'   . 

.    .-■ 

17.'^  . 

-     7f'''7 

7"'-'  . 

.  2 1  '■'.  I 

—  ^^'^  . 

-j.-^,7 

T"  - 

.  161°  6 

..   sr.e 

—    ^^ 

I  • 

it^o  , 

■    7i''.q 

(^■-P  . 

.  iS-'   ! 

__  ,,0 

■  — J4".4 

70-^. 

-  isB'-o 

TO" 

,.    86\o 

—  lo-   . 

u 

ifx."  . 

.    71".  1 

f>J=  . 

■  '5'^. 5 

—  is''  . 

■  —37'"'- J 

ris'-* . 

-  >i4'^  4 

■jA" 

..    8.=  4 

—  I  ;  -■  . 

I- 

155-^. 

.    0^-=.^ 

'S'- 

.  i^-^.H 

—41/'  . 

.  —40",.. 

Ufi  . 

.  is-.°.3 

,     .t.'^ 

..     78^'  8 

F. 

150'  . 

■    t- '<'■■'-. 

50^. 

.  lO^.O 

-4S°. 

.  -42-^  8 

6^^  . 

■  147^  ? 

24=' 

-.0  J 

—  If.-"  . 

MV"  , 

.    (..'^.3 

4'i^  - 

.  7^^3 

-50^  ■ 

■  -45^.6 

(.^■^ . 

■  HJ-'-^ 

■Ji° 

..     7'-> 

^1  S  '  , 

.    — 

'I'll  turn  C°  into  F^,  multiply  by  9,  divide  by  5,  .ind  add  33'^, 
To  turn  1''°  into  C°,  deduct  32,  multiply  liy  5,  ,^nd  divide  by  9. 
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Abdominal  muscles  in  respira  ; 

tion,  217  I 

Abdominal  reflex,  692  I 

Abducens,  649  I 

Aberration,  chromatic,  807  I 

spherical,  807  | 

Abiogenesis,  893  | 

Absolute  blindneu,  752 

Absorption  by  fluids,  80  j 

by  solids,  80 

forces  of,  342  | 

influence  of   n«rves  i 

on.  347 
organs  of,  336 
Absorption  of — 
Carbohydrates,  344 
Coloring  matter,  346 
Digested  food,  342 
Effusions,  359 
Fat  soaps,  345 
Grape  sugar,  344 
Inorganic  substances,  344 
Nutrient  enemata,  347 
Oxygen,  232, 236 
Peptones,  345 
Small  particles,  346 
Solutions,  344 
Sugars,  344 

Unchanged  protdds,  345 
Absorption  spectra,  62 
Accelerans  nerve,  720 

in  frog,  722 
Accommodation  or  eye,  799 
defective,  805 
force  of,  805 
line  of,  803 
nerves  of,  803 
phosphene,  813 
range  of,  806 
spot,  813 
time  for,  803 
Accord,  861 
Acetic  acid,  429 
Aceton,  454, 464 
Acetylene,  66 
Achromatin,  893 
Achromatopsy,  828 
Achroddextrin,  262 
Acid  albumin,  425 
Acid  hxmatin,  66 
Acids,  free,  422 
Acoustic  nerve,  653 

tetanus,  600 
Acquired  movements,  758 


Acrylic  acid  series,  429 

Action  currents,  605 

Active  insufficiency,  552 

Addison's  disease,  200,  498 

Adelomorphous  cells,  285 

Adenin,  433 

Adenoid  tissue,  351 

Adipocere,  412 

Advent  itia,  137 

JEg^phoay,  225 

Aerobes,  325 

-fethesiometer,  882 

..^thesodic  substance,  695 

Afferent  nerves,  633 

After-birth,  946 

After-images,  829 

After-sensation,  782 

Ageusia,  877 

Agoraphobia,  655 

Agrammatism,  761 

Agraphia.  761 

Ague,  197 

Air,  changes  in  respiration,  231 
collection  of,  228 
composition  of,  230 
diffusion  of,  234 
expired,  231 
impurities  in,  244 
quantity  exchanged,  232 

Air  cells,  205 

Albumimeter,  459 

Albuminoids,  426 

Albumin  of  egg,  905 

Albumins,  423 

Albuminuria,  457 

Albumoses,  animal,  425 

vegetable,  425 

Alcohol.  400 

Alcohols,  430 

Alcoholic  drinks,  400 

Alcool  au  tiers,  50 

Aleurone  groins,  425 

Alexia,  763 

Alkali  albumin,  425 

Alkali  hxmatin.  66 

Alkaline  fermentation,  457 

Alkaloids,  400 

Allantoin,  402,  452 

Allantois,  924 

Allochiria,  889 

AUorhythmia,  150 

Alloxan,  449 

Alm^n's  test,  461 

Alternate  hemiplegia,  705 
965 


Alternate  paralysis,  705,  769 

Alternation  of  generations,  895 

Amaurosis,  637 

Amblyopia,  637 

American  crow-bar  case,  731 

Amido  acids,  432 

Amido  acetic  acid,  312,  432 

Amido-caproic  acid,  300 

Amimia,  76X 

Amines,  432 

Ammoniaemia,  479 

Amnesia,  761 

Amnion,  923 

Amniota,  924 

Amniotic  fluid,  924 

Amoeboid  movement,  55,  500 

Ampere's  rule,  593 

Amphiarthruses,  549 

Ampho  peptone,  292 

Amphoric  breathing,  224 
I  Amygdfllin,  359 
j  Amyloid  substance,  425 

Amylopsin,  299 

Amylum,43l 

Anabiosis,  893 

Anacrotism,  151 

Anxmia,  58,  89 

metabolism  in,  89 
pernicious,  58 

Anaerobes,  325 

Anaesthesia  dolorosa,  890 

Anesthetic  leprosy,  632 

Anesthetics,  890 

Anabolic  nerves,  633 

Anabolism,  388 

Anakusis,  653 

Analgesia,  698 
j  Analgia,  891 
I  Anamnia,  924 
:  Anarthria,  760 
!  Anasarca,  359 
!  Anelectrotonus,  616 
I  Aneurism,  157,  158 

Angiograph,  143 

Angiometer,  151 

An^ioneu roses,  728 

Anidrosis,  497 
■  Animals,  characters  of,  39 

Animal  foods,  405 

magnetism,  736 
I  Anions,  594 

Anisotropous  substance,  504 
I  Ankle  clonus,  693 
'  Anode,  584 


Aperxoalsis,  281 

Apex  beat.  103,  1 10 

Aphakia.  791 

Aph^ix.  760 

Ai^woia,  573 

ApoGU.  713 

Appacn's  apparalos,  866 

Apsglaphesia.  8S9 

Aqneoos  humor,  792 

Aracfaoocd  maicr,  776 

Arcfaibbadc  ceils,  920 

Arcs  opacA,  916 

pcOnada,  916 
TBSCnksa.  922 

A^rll  RobertscD  popi!,  Sio 

ArtiTthniu,  cordis.  98 

Aiiaode's  experimect,  S&4 

Aroanbc  acids,  430 

oxndds.433 

Airedor  pOi  nntsclc.  493 

Aitoul  tensoD,  K47 

Aiteries,  137 

U'jod  preiMin.  in.  165 
central.  740 
deTdofmcxM  o£,  936 
emptiness  of.  723 
rimhmical    ccntiaction 

of  725 
sooods  in,  184 
amcnreoC  135 
tenHOQ  in,  165 
ifTTiiaitioo  in  Tcins,  iSi 

Aitoiocrain.  143 

Azthrctdal  j:ir.l5,  549 

ArbcnlAT  caxtij^e.  54S 

AniculAkn  Dcn-e  corpascles,  8S0 

Artiboaj    co'.d -blooded     condi- 
tion, 3S6 

Aitificiai  rje,  79S 

d^eaicA.  295 
gastric  ;cice.  29 1 
pazkTcabc  juice.  300 


AiaTian.94S 

Ataxaphara,  761 

Ala,Tia,  66S.  75a,  759 

.\taxic  tabes.  697 

Aielectasts.  226.  243 

Aunospfaeric  jxvssan.  247 

di3n:nx)an  cc,  Z4S 
incresie  d,  24S 

Atresia  ani.  923 

AtropiiT,  ^^4 

ytbe&ce,645 

Amipin,  524 

in  ere.  63$.  £10 

Attentioo.  time  far.  735 

.\Q(£bie  tooe.  knrest.  ^2 

Aoditorr  aha-^esaaSxMis^  S70 

"^^  rsj 
aErE.754 

cctttt  7^3 
deI;:<aocs.  653 
meatus.  £49 
nerre,  S47 
ossicles.  $51 

pcroeptkcis.  S60 

sac.  945 
Anerbach's  pCexos.  2S1,  34J 
Ai^mentcr  nerres.  7^^ 
Anxides  oc  beazl.  91,  93 

dercL^auBM  of,  935 
AnscaltanaD  of  faesrt,  117 

AntooMtic  ckoccbkH,  675 
AntoDOOiT,  737 
Anxocaidia.  laS 
ATidirr,  ^o 
Axis  of  Tisioo,  S19 


BaciTlos,  324 

aodi  lactici.  315 
ancQF>c:s.  oo 


I •  3'7 

■cabscvpckiK  oi,  31 
seovncM  c^  3' 3 
apecsimmoC  514 
tD«  far.  315.  314 

BCiaxvKKnIn.  51a 

Baknan.3L4. 

'SSfa.r^     314 
Ba^naim.314 

BTJt^n,  313 
Bf&vm^M,  3' 3 
BiBOCalar  «BOB.  $37 
BMogkal  lav.  94S 
BSoSogT.  33 
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Blood,  arterial,  86 

carbon  dioxide  in,  85 

clot,  70 

coagulation,  72 

color,  33 

coloring  matter,  59 

composition  of,  61 

defibrinated,  70 

distribution  of,  187 

electrical    condition    of, 
629 

extractives,  80 

fats  in,  79 

fibrin  in,  58,  71 

gases  in,  80 

granules  of,  58 

islands,  5 1 ,  922 

lake-colored,  49 

loss  of,  89 

microscopic  examination 
of,  44 

nitrc^en  in,  86 

odor,  43 

organisms  in,  90 

oxygen  in,  83 

ozune  in,  84 

plasma,  70 

plates,  57 

portal  vein,  86 

[iroteids  of,  78 

<|uantity,  86 

reaction,  33 

salts  in,  80 

serum,  70 

specific  gravity  of,  43 

taste.  43 

temperature,  44 

transfusion  of,  87 

variations  in,  87 

venous,  86 

water  in,  80 
Blood     channels,     intercellular, 

«37 
Blood  corpuscles — stroma,  49 
abnormal  changes,  58 
action  of  reagents  on,  47, 

49,56 
amoeboid  movements,  55 
change  of  form,  47 
chemical  <!bmposition,  59 
circulation,  180 
color,  47 
colorless,  53 
conservation  of,  49 
crtnation,  47 
decay,  53 

diapedesis,  56,  182 
effect  of  drugs,  56 
effect  of  regents,  47 
form,  44,  50 
Gower's  method,  46 
histology  of,  46 
human,  red,  44 

white,  S3,  69 
intracellular  origin,  52 
Malassez's  method,  45 


Blood  corpuscles,  nucleated,  58 
number,  44,  58 
of  newt,  54 
origin,  $1 
parasites  of,  59 
pathological  changes,  58 
proteids  of,  69 
rouleaux  of,  47 

size,  44.50. 58 
staining  of,  48 
stroma,  46 
transfusion  of,  87 
weight,  44 
white,  53 
Blood  current,  180 

in  capillaries,  181 
velocity  of,  177 
Blood  gases,  80 

estimation  of,  O,  CO.,  and 

N,83 
extraction,  81 
gas-pumps  for,  81 
quantity,  82 
Blood  glands,  193 
Blood  islands,  51,  932 
Blood  plasma,  70 
Blood  pressure,  161 
arterial,  1 65 
capillary,  171 
estimation  of,  161 
in  pulmonary  artery,  173 
in  veins,  1 7 1 
relation  to  pulse,  170 
variations  of,  165,  170 
Blood  vessels,  134 

action  of  drugs  on,  138 
i  cohesion  of,  139 

elasticity  of,  138 
[  lymphatics,  137 

I  pathology  of,  139 

I  properties  of,  137,  138 

structure  of,  134 
j  Blue  pus,  498 
I  sweat,  498 

j  Body,  vibrations  of,  1 58 
:  Body-wall,  formation  of,  922 
:  Bone,  chemical  composttiou  of, 
934 
callus  of,  4x8 
development  of,  933 
effect  of  madder  on,  418 
fracture  of,  418 
growth  of,  934 
j  histogenesis  of,  933 

'  red  marrow,  53 

'  Bones,  mechanism  of,  547 
!  Battger's  test,  264 
Boutons  terminals,  881 
Bowman's  tubes,  785 

glands,  87 1 
Box  pulse- measurer,  140 
'■  Bradyphasia,  761 
Brain,  700 

arteries  of,  777,  778 
blood  vessels  of,  777 
general  scheme  of,  700 


Brain  impulses,  course  of,  683 
in  invertebrata,  780 
membranes  of,  776 
motor  centres  of,  742 
m'jvements  of,  777 
of  dog, 744 
pressure  on,  779 
protective    apparatus  of, 

776 
psychical    functions    of, 

73« 
pulse  in,  158 
pyramidal  tracts  of,  703, 

7S8 
topography  of,  756,  764 
we  ght  of,  700 
Branchial  arches,  923 

clefts,  923,  932 
Brandy,  401 
Breed,  398 

Brenner's  formula,  653 
Broca's  convolution,  760 
Bromidrosis,  498 
Bronchial  breathing,  223,  234 

fremitus,  224 
Bronchiole,  205 
Bronchophony,  225 
Bronchus,  extra- pulmonary,  204 
intra-pulmonary,  204, 

205 
small,  205 
Bronzed  skin,  200 
Brownian  movement,  261 
Bruit,  184 

de  diable.  185 
Brunner's  glands,  321,  339 
Buchanan's  experiments,  74 
Bulbar  paralysis,  712 
Bulbus  arteriosus,  934 
Butter,  393 
Butyric  acid,  325,  429 


Cachexia,  198 
Caffein,  400 

Calabar  bean  on  eye,  638 
Calcic  phosphate,  421 
Calculi,  biliary,  314,  332 
salivary,  260,  331 
urinary,  468 
Callus,  418 
Calorimeter,  362 
Canal  of  cochlea,  857 
hyaloid,  791 
Nuck,  941 
of  spinal  cord,  676 
of  Stilling,  791 
Petit,  790 
Schlemm,  785 
semicircular,  S59 
Canalis  cochlearis,  857 

reuniens,  858 
Capillaries,  136 

action  of  silver  nitrate 

on, 136 
blood  current  in,  181 
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Centripetal  nerves,  633 
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poisons,  127 

Ceulro-ocinar  cells,  397 
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Cereals,  398 
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Cardinal  points  79^ 

Action  of  electricity  on,  775 
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^^^^^H 

Cardiogram,  I02 

Connections  of,  702 
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Cardiograpti,  ID2 

Function  of,  774 

Cl»nilrin,  427                      ^^^^B 
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C-ardio-inhibitoryccnire,  168,7 18 

Pnlhologyof,  776 
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nerves,  718 

Removal  of,  774 
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Cnrdio  -  pneumatic     movement, 

Structure  of.  773 

Chorda  lympani,  &50.  729        ^H 
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Cerebral  arteiies,  740,  777.  77S 
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^^^^^H 

Cnricin,  30I 
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Camin,  396 

fissure*,  dog,  744 
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inspiratory  centre.  713 
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motor  centres.  756 

Choroid,  7S5                                ^M 

^^^^^H 

CarliUge.  54S,  923 

sensory  centres,  763 

Choroidal  hssure,  944          ^^^H 

^^^^^^1 

Casein,  393,  425 

vesicles,  918 

Christen 's  fortBula,  44n^^^^B 

^^^^^^^i 

Catacrolic  pulse,  145 

Cerebrin,  42S,  581 

Chrotnatic  oberraiian,  So>f^^^H 

^^^^^^^K 

Cataphoric  action,  598 

Ceretiro-Apinat  tluid,  354 

Chromatin,  893                              ^H 
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Cataract.  790 

Cerebrum,  700 

Chromaiophores,  499           ^^^| 

^^^^^^H 

Ouhnrtics,  284 

blood  veascb  of,  739.  | 

Chromatc^ia,  637              ^^^^H 

^^^^^^B 

Callielectrotunus,  615 

740.  777 

Cliromtdrusis ,  49X               ^^^^H 

^^^^^^H 

Cathode,  594 

convolulJooi  of,  740  1 

Chromopbanc«,  790            ^^^H 

^^^^^^H 

Cjuidate  nucleus,  765,  766 

epilepsy  oC  745           ' 

Chronograph,  530                 ^^^^B 

^^^^^^^B 

Cavernous  formnlions,  137 

excision  of    cen'res. 

Chyle.  353                         ^^H 

^^^^^^H 

Cells,  division  of,  893 

750 

moveneot  of,  356         ^| 

^^^^^^H 

Cellulose,  262 

Flourciu*    doctrine, 
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Cement,  268 

73a 
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Chyme,  292 
Cicairicula,  903 
Cilia,  500 

conditions  for  movement, 

501 
effect  of  reagents  on,  501 
functions  of,  501 
Ciliary  ganglion,  641 
motion,  500 

force  of,  501 
muscle,  786,  Sol 
nerves,  641 
Ciliated  epithelium,  500 
Cilio-spinal  region,  693 
Circle  of  Willis,  778 
(.irculating  albumin, 403 
Circulation,  capillary,  181 

duration  of,  179 
Bri't,  921 
fcetal.  927 
portal,  91 
pulmonary,  9I 
schemata  of,  161 
second,  922 
systemic,  91 
Circumpolaiization,  265 
Circumvallate  papillae,  874 
Claustrum,  767 
Cleft  sternum,  109 

palate,  931 
Clerk  ■  Maxwell's      experiment, 

8t4 
Cleavage  of  yelk,  914 
lines  of,  915 
partial,  917 
Climacteric,  906 
Clitoris,  942 
Closing,  continued  contraction, 

619 
Qosing  shock,  599 
Clothing,  379 
Coagulable  fluids,  78 
Coagulated  proteids,  425 
Coagulation  experiments,  76 
Coagulation  of  blood,  71,  72,  74 

theories  of,  74,  77 
Cocaine,  810 

Coccygeal  gland,  137^  200 
Cochlea,  857 
Cocoa,  400 
Coecitas  verbalis,  763 
Ccelom,  920 
Coffee,  400 

Cold-blooded  animals,  365 
Cold  on  the  body,  385 

uses  of,  387 
Cold  spots,  887 
Collagen,  426 
Colloids,  343 
Coloboma,  944 
Colostrum,  394 
Color  associations,  870 
Color  blindness,  828 
acquired,  828 
testing,  829 
Color  sensation,  824 


Color,  Hering's  theory,  827 

Young- Helmholtz   theory, 
826 
Colored  shadows,  832 
Colorless  corpuscles,  53 
Color  top,  830 
Colors,  complementary,  824 
contrast,  830 
geometrical  tabl^  825 
methods  of  mixing,  824 
mixed,  825 
simple,  824. 
Columella,  870 
Columns  of  the  cord,  677 
Coma,  diabetic,  311 
Comedo,  498 
Common  sensation,  889 
Comparative — 

Circulation,  20I 

Digestion,  334 

Hearing.  870 

Heat,  387 

Kidney  and  urine,  486 

Metabolism.  433 

Motor  organs,  558 

Nerve  centres,  779,  780 

Nerves  and  electro-physiology, 
629 

Peripheral  nerves,  674 

Reproduction    and    develop- 
ment, 947 

Respiration,  249 

Sight,  84s 

Skin,  499 

Smell,  873 

Taste,  877 

Voice  and  Speech,  574 
Compensation,  604 
Complemental  air,  210 
Complementary  colors,  824 
Compound  eye,  845 
Concretions,  330 
Condensed  milk,  395 
Condiments,  400 
Conduction  in    the    cord,  683, 

696 
Conductivity,  623 
Conglutin,  425 
Congo  red,  288 
Conjugate  deviation,  63S,  758 
Conjugation,  895 
Connective -tissue  spaces,  348 
Consonance,  868 
Consonants,  572 
Constant  current,  action  of,  532 
Constant  elements — 

Bunsen's,  595 

Daniel  I's,  595 

Grennet,  595 

Grove's.  5',5 

Leclanch^'s,  596 

Smee's,  595 
Constipation,  332 
Contraction,  cardiac,  127 
fibrillar,  526 
initial,  537 


Contraction,  muscular  (see  Afya- 
gram) 
of    blood   vesseb, 

m 

remainder,  530 
rhythmical,  523 
secondary,  609 
without  metals,  606 
Contracture,  529 
Contrast,  830 

colors,  824,  830 
Convergent  lens,  action  of,  793 
Cornea,  783.  784 
Coronary  vessels,  97 

efiectsof  ligature  of, 97 
Corpora  quadrigemina,  700, 702^ 

770 
Corpulence,  4I3 
Corpus  callosum,  765 

luteum,  909 

spongiosum,  909 

striatum,  700,  765 
Corresponding  points,  837 
Cortical  blindness,  752 
Corti  s  organ,  857 
Cotyledons,  928 
Coughing,  226 

centre  for,  7 1 1 
Cracked-pot  sound,  223 
Cramp,  892 
Cranial  flexures,  918 

nerves,  634 
Cranioscopy,  732 
Creamometer,  394 
Cremasteric  reflex,  691 
Crepitation,  224 
Crescents  of  Gianuzzi,  253 
Crista  acustica,  859 
Crossed  reflexes,  688 
Crura  cerebri,  76S 
Crusta,  769 

pelrosa,  268 

phlogistica,  71 
Crying,  227 
Crystallin,  424,  790 
Crystalline  lens,  790 

spheres,  845 
Crystallized  bile,  312 
Ciystalloids,  343 
Cubic  space,  245 
Curara,  action  of,  520,  523,  724 
Cutaneous  respiration,  23S 

trophic  affections,  631 
Cuticular  membrane,  268 
Cyanogen,  66 
Cylindrical  lenses,  807 
Cynuric  acid,  452 
Cyrtometer,  220 
Cysticercus,  895 
Cystin,  464 
Cytozoon,  48 


Daltonism ,-^29L^  F  2.  ^  -  3  -  t-  ■ 
Damping  apparatus,  851 
Darby's  Huid  meU,  294 


Delomorphous  cells,  285 
Demarcation  current,  604 
Demodex  fuUiculorum,  494  I 

Denis's  ptasmine,  74  j 

Dintine,  268 

Dentition,  270  j 

Depressor  fibres,  660,  662,  725    ! 
nerve,  167,  660  j 

Deutero-alburaose,  293  | 

Development,  chronology  of,  929  , 
Dextrin,  431  I 

Dextrose,  431 

Diabetes  mellilus,  310  | 

Diabetic  coma,  311 
Dialysis,  343  i 

Diapedesis,  182  ' 

Diaphanometer,  394  i 

Diaphoretics,  496 
Diaphri^m,  217  j 

Diarrhoea,  333 
Diastatic  action,  262,  299,  323, 

428 
Diastole,  98 
Dichroism,  59 
Dicrotic  pulse,  148 
wave,  145 
Diet,  adequate,  406 

effect  of  age  on,  407 

effect  of  work  on,  407 

flesh,  409 

Hesh  and  fat,  41 1 

of  carbohydrates,  410 

quality  of,  403 

quantity,  403 
Difference  theory,  613 
Differential  rheotom,  610 

tones,  868 
Diffusion,  342 

circles,  799 
of  gases,  80 
Digestion  during  fever,  332 
in  plants,  334 
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Diuretics,  471 

Division  of  cells,  893 

Double  conduction  in  nerve,  623 

Double  contact,  feeling  of,  882 

Double  images,  neglect  of,  839 

Dreams,  736 

Drepanidium,  48 

Dromograph,  177 

l^rapsy,  359 

Duct  of  Cuvier,  936 

Gaertner,  941 
Ductus  arteriosus,  928 

venosus,  928 
Dura  maier,  776 
Dust  particles,  244 
Dys  albumose,  293 
[>yschromatopsy,  828 
Dyslysin,  313 
Dysperistalsis,  281 
Dyspnoea,  215,  241,  714 


Ear,  847 

conduction  in,  887 
development  of,  945 
external,  849 
fatigue  of,  869 
fineness  of,  862 
labyrinth  of,  946 
meatus  of,  849 
ossicles  of,  851 
speculum,  849 
tympanum  of,  S49 

Earthy  phosphates,  455 

Eccentric  hypertrophy,  xoi 

Echo  speech,  737 

Ectoderm,  915 

Ectopia  cordis,  109 

Efferent  nerves,  631 

Effusions,  359 

Egg  albumin,  424,  459 

Eggs,  395 
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'  Electricity,   then4>eutical 

624 
I  Electrodes,.non-polanzat 
I  other  forms,  > 

Electrolysis,  594 
I  Electrometer,  603 

Electro-motive  force,  591 
I  Electro  physiol<^y,  591 
j  Electro- therapeutics,  624 
I  Electrotonus,  611,  612 

currents  in, 

I  in  conducu 

in     i  Q  b  i  I 

nerves,  6 

I  in    motor 

61X,  615 
i  in  muscle,  < 

i  in  sensory 

617 
I  Eleidin,  487 

Elementary  granules  of  bl 
I  Embryo,  formation  of,  gi 
I  Emetics,  276 

Emmetropic  eye,  800,  8g 
I  Emotions,  expression  of, 
I  Emulsification,  30X 
I  Emulsin,  359 
'  Emulsion,  301 
;  Emydin,  425 
j  Enamel,  269 

Enamel  organ,  270 
I  Enchylema,  894 
'  End  arteries,  1 93 
I  bulbs,  880 

I         organs,  631 
I         plate,  507 
I  Endocardia  pressure,  10 

Endocardium,  95 

Endoderm,  915 

Endolymph,  858 
j  Endomysium,  503 

Endoneurium,  580 
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£nzym»  427 
Epiblast,  915 
Epicardium,  92 
Epidermal  iqipcndages,  416 
Epididymis,  897 
Epidural  space,  777 
Epigenesis,  949 
Epiglottis,  273 

injury  to,  273 
EiMlepsy,  731,  745 
Epineurium,  579 
Epiphysis  cerebri,  772 
Epithelium,  ciliated,  203,  500 
Eponychium,  490 
Equator,  612 

Equilibrium,  653,  697,  732 
Erectile  tissue,  909 
Erection,  centre  for,  909 

of  penis,  909 
Erect  vision,  799 
Errhines,  227 
Erythrochlorophy,  828 
Eiythro-dextrin,  262 

-granu  lose,  431 
Esbach's  method,  459 
Eserine,  810 
Ether,  34 
Eudiometer,  81 
Eukalyn,  432 
Enperistalsis,  281 
Eufmoea,  714 
Eustachian  catheter,  856 

tube,  855 
Excitability,  action  of  poisons 

on,  696 
Excitable  points  of  a  nerve,  591 
Exdto-motor  nerves,  633 
Excrelin,  328 

Excretion  of  faecal  matter,  278 
Exophthalmos,  833 
Expectorants,  247 
Expeiimentum  mirabile,  737 
Expiration,  213 
Expiratory  muscles,  217 
Explosives,  572 
Extensor  tetanus,  687 
External  capsule,  767 

genitals,  941,942 
Extra  current,  599 
Extrapolar  region,  615 
Extremities,    development    of, 

923 
Exudation,  360 
Eye,  783 

accommodation  of,  799 

artificial,  778 

astigmatism,  807 

chromatic  aberration  of,  807 

compound,  843 

development  of,  944 

effect  of  electrical  currents, 

813 
emmetropic,  800 
entoptical  phenomena,  812 
epiphyseal,  846 
excised,  811 
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Eye,  fundus  of,  816 

hypermetropic,  804 
illumination  of,  814 
movements  of,  833 
muscles  of,  833 
myopic,  804 
pineal,  846 
presbyopic,  805 
protective  organs  of,  843 
refractive  power  of,  803 
structure  of,  783 
Eyeballs,  axis  of,  833 

movements  of,  835 
muscles  of,  835 
planes  of,  833 
positions  of,  834 
proiru-'ion  of,  S33 
retraction  of,  833 
simultaneous     move- 
ments of,  830 
Eye  currents,  61 1 
Eyelids,  843 


Facial  nerve,  649 
Faecal  matter,  328 

excretion  of,  278 
Fainting,  102 
Fallopian  tube?,  905 
Fall-rhetom,  614 
Falsetto  voice,  568 
Faradic  current,  599 
Faradization  in  paralysis,  627 
Far  point,  803 
Fascia,  lymphatics  of,  357 
Fatigue  of  muscle,  545 

stufis,  545 
Fats,  429 

decompo^iion  of,  301 

m^abolism  of,  410 

origin  of,  411 
Fat-splitting  ferment,  301 
Fatty  acids,  429 

degeneration,  414 
Febrifuges,  384 
Fechner's  law,  782 
Febling's  solution,  264,  463 
Fermentation,  401 

in  intestine,  324 
test,  265 
Ferments,  428 

fate  of,  324 
organiz<^,  428 
unorganized,  437 
Fertilization  of  ovum,  912 
Fever,  383 

after  transfusion,  189 
Fibres  of  Tomes,  268 
Fibrillar  contraction,  525 
Fibrin,  $8,  71 
Fibrin  factors,  75 
Fibrin-fetmeni,  76 
Fibrinogen.  75,  424 
Fibrin  opt  astin,  75 
Fibroin,  426 
Field  of  vision,  799 


Field  of  vision,  contest  of,  841 
Filaria  sanguinis,  467 
Filiform  papillae,  874 
Filtration,  344 
First   respiration,  discharge  of, 

717 
effects  of,  on  thorax,  226 
Fish  extract,  397 
Fission,  893 
Fistula,  biliary,  316 

gastric,  291 

intestinal,  322 

pancreatic,  298 

pyloric,  289 

'I  hir/s,  322 

Vella's,  322 
Flame  spectra,  62 
Flavor,  873 

Fleischl's    law    of  contraction, 
618 
hsemometer,  61 
Flesh,  396 
Flight,  559 
Floor  ^pace,  245 
Flourcns'  doctrine,  732 
Fluid  vein,  184 
Fluids,  flow  of,  132 

introduction  of,  267 
Fluorescence,  824 

of  eye,  799 
Fluorescin,  792 
Focal  distance,  793 
line,  802 
point,  794 
Fcetal  circulation,  927 
membranes,  935 
Follicles,  solitaiy,  339 
Fontana's  markings,  582 
Fontanelle,  pulse  m,  158 
Foods,  isodynamic,  363 

plastic.  403 

quantity,  403,  406 

respiratory,  403 

utilization  of,  399 

vegetable,  397 
F'oramen  ovale,  928 

of  Magendie,  776 
Force  of  accommodation,  805 
Forced  movements,  770 
Forces,  35 
Fore-gut,  92 1 
Formuio  reticularb,  709 
Formative  ctlls,  918 
Fovea  cardicn.  921 

centralis,  789,  819 
Fractional  heat  coagulation,  70 
Free  acid,  formation  of,  290 
Fremitus,  224 
Friction  sounds,  224 
Frog  current,  607 
Fromann's  lines,  579 
Fruits,  399 

Fundamental  note,  863 
Fundus  glands,  285 
Fungi.  324 
Fungiform  pafnllse,  874 
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^^^H                Oaertner.  ducts  of.  941 

Glands,  album  aoui,  250 

Golljc't     croaking      cxperincaL 

^^^H                 GftlBclorrlioei.  392 

Hnwman'B,  871 

6SS 

^^^H                GmlactDsc,  431 

Itrunnct's,  32 1,  339 

embrace  e&pcrimentj6fl 

^^H                Ga1k>i),  S5^ 

buccal,  250 

icsopbagua  cxpenflMBlt, 

^^^H                Gall  stones.  332 

carotid,  1 18,  137,  200, 

274 

^^^^B                 Gallon's  whistlr,  862 

201 

Gorliam'k  pupil  pIvMnmrfrr,  811 

^^^H                 Galvanic  buttery,  594 

ceniminatu,  494 

Gout,  89 

^^^^H                                  eKciialnlity,  628 

changes  in,  253 

GraafiAn  follicle,  90t 

^^^^1                 Galvano-cautety,  629 

coccygeal,  137,  200 

Gr<>cili&  experiment,  6x4 

^^^H                 GalvBDomder,  594 

Ebncr's,  25 1 

Graiidry'ft  corpiuclet,  SSd  ^^ 

^^^H                                        redectiriK.  597 

fiindu9,  285 

Graonles,  elemnutary,  58  ^H 

^^^^H                 GalTJDo-puncture,  629 

Hardcrian,  S46 

Granulose,  263                    ^H 

^^^H^                                    taniu.  586 

lachrymal,  844 

Grape-sugar,  43 1,  462                 ^ 

^^^H  '                ^iamgee'&  method,  76 

Lict}erkahn's,  322, 339 

absorptioa  oC,  m 

^^^H                  Ganglionic  artenes,  740 

lingual,  250 

estimation  erf,  265 

^^^H                  GangreiK,  632 

lymph,  35  > 

inj:ctioo  0^  J09 

^^^H                  Gargling,  227 

mammary,  390 

in  urine.  4^2 

^^^^B                  Gaseous  exchanges,  233 

Meilximiaii,  843 

test«  for,  264 

^^^^^^^           Gases,  absarptiun  of,  Ho 

mixed,  253 

Tolam«thc    aasl^ 

^^^^^^^                     diffusion  or,  So 

Moll's,  492 

"t463 

^^^^^^H 

mucous.  250 

Gravitation.  35 

^^^^^^m                             bluod,  80 

Nuhn'K,  351 

Great  auricular  oerre,  7^^H 

^^^^^^^                     indiR'crcnt,  244 

parotid,  258 

Green  blindness,  SaS        '^H 

^^^^^^^ft 

pc(itic,  285 
reyer's,  339 

Green  vegetables,  399        ^^| 

^^^^^^^H 

Growth.  420                        ^H 

^^^^^^^H                     incspirable,  244 

pyloric,  286 

Cuanidin,  532                     ^H 

^^^^^^^H                     poisonous, 

salivary^  250 

Guaniu,  4S9,  502                ^H 

^^^^^^V 

sebaceous,  49I 

Gnarjna.  400                     ^H 

^                 Ga&kell's  clamp,  132 

serous,  350 

Gubemaculnm  Ibstia,  9(1  ^H 

^^^H                  Gas- pump,  81 

solitary,  339 

Gum,  431                              ^M 

^^^H                  Gaaserian  ganglion,  64I,  642 

sublingual,  25S 

GuRatory  ccnirr.  754.  76$^H 

^^^H                 Gu  sphygmoscopc,  1 44 

submaxillary,  253 

fii'n:^,  ^50           ^H 

^^^^H                  Giutric  dige!>tion,  392 

sweat,  492 

region,  874          ^" 

^^^^H                                coniliiinns  afTccling,  294 

uterine,  906 

^n^ations,  S76 

^^^^^^^ 

WcIjcts,  250 

Gymnastics.  553                 ^^ 

^^^^^^^H                       pathological     variations. 

Glaucoma,  644 

Gymooius,  629                   ^H 

^^^^V                           53> 

Gliadin,  426 

Gyri,  700                             ^H 

^                 Gafttric  f;t{lclines5,  655 

GItsson's  capsule,  304 

■ 

^^^^^                Gastric  juice,  287 

Globin,  425 

■ 

^^^^^^^H                        action  of  drugs  on,  29T 

Globulins,  424 

Hay's  reaction,  3 1 3, 4^   ^^ 

^^^^^^^H                      action  on  li&sues,  296 

Globuloses,  293 

Hemacytometer.  46 

^^^^^^V                      actions 

G|tmicrulu«,  435 

Hxmadromometer,  175       ^^ 

^^^^f                               artificial, 

Glouo- pharyngeal  oenrCf  655 

IlirmidynamoEneter,  |A|    ^H 

^^^H                  Gaulc'i  experiment,  48 

Glossoplegia,  665 

Hecmatin,  66,  67                 ^H 

^^^H                  Gelatin,  296,  410,  426 

Glossy  skin,  633 

Hacmatoblasu,  57                ^H 

^^^H                  Gelatin  v.  albumin,  410 

Glottis,  56t,  562 

HxmatoliidrDsi«,  49S           ^H 

^^^^B                  Gem  mat  ion.  K94 

Glucose,  310,  431,  462 

tlxmatoidia,  68                   ^H 

^^^^B                    Genital  cord,  941 

tests  for,  264,  265,  463 

Hxmatoma  auriam,  632      ^H 

^^^H                                  cuTf>u<iCle3>,  8S0 

Glucosides,  428 

Manuaioporphyrin,  67         ^H 

^^^^H                                eminence,  94I 

Glutamic  acid,  433 

Harmaiaiia,  460                  ^H 

^^^^H                  Genu  valgum,  553 

Gluteal  reflex,  691 

i  Ixtnauiography,  144        ^^M 

^^^^1                                         553 

Glulen.  436 

lIo;min  and  Ua  leaU,  67,  4l^| 

^^^H                  Geometrical  color  (able,  825 

Glycerin,  429.  430 

Hxroocfaromogen,  66        ^H 

^^^H                   GcrUch'&  theory,  680 

melhoii,  263 

Ha:nxxyamn,  79                 ^H 

^^^H                  Germ  epithelium,  901 ,  920 

Glycerin-phosphoric  acid,  430 

Hx-mo^ftolyaia,  48              ^H 

^^^^B                  Germinal  area.  <)t$ 

Glycin,  432 

UscmucytiHDetcr,  46           ^H 

^^^^B                                       rrvembrane,  915 

Glycochoiic  acid,  312 

M'-cmocytotrypeis,  48          ^H 

^^^^B                  Germinating  cells,  330 

Glycogen,  30S,  431 

IIicmodynamoRieier,  161    ^^ 
HicmogjoUn.  59 

^^^H                 Germs,  244 

Glycolic  acid,  430 

^^^H                  Gestation,  period  of,  930 

Glycosuria,  310,  462 

amount  oC  61 

^^^H                  Giddiness,  654,  655 

Gmeliii-Hctnt;e'  reaction,  314 

anal;u4,  59 

^^^H                  Ginglymus,  548 

Goblet  cells,  337 

cxrbonic  oxiite,6} 

^^^H                 Girald^.  origan  of,  941 

Goiire,  198 

compLSBruit  of,  tl 

^^^H                  Girdle  srn&aiinn,  699 

Goll's  column,  683 

crrMatsi,$9 

^^^^B                  Gizzard,  275 

GoUz's  balancing   experiments. 
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Haemoglobin,  estimation  of,  60 
nitric  oxide,  66 
pathological,  61 
preparation,  59 
proteids  of,  68 
reduced,  63 
spectrum,  62 
Haemoglobinometer,  60 
Hannt^lobinuria,  '460 
Hsemometer,  61 
Hsemcphilia,  72 
Hemorrhage,  death  by,  S9 
effect  on,  723 
Hemorrhagic  diathesis,  72 
Hsemotachometer,  176 
Haidinger's  brushes,  8 14 
Hair,  490 

celk,  859 
follicle,  490 
Halisterisis,  553 
Hallucinations,  782 
Hammarsten,  75 

on  blood,  75 
Harderian  gland,  846 
Harelip,  931 
Harmony,  868 
Harrison's  groove,  215 
Hassall's  corpuscles,  198 
Hawking,  227 
Hay's  test,  313 
Head- fold,  921 
Head-gut,  921 
Hearing,  847 
Heait,  92 

accelerated  action,  108 
action  of  fluids  on,  1 23 
action  of  gases,  127 
action  of  poisons  on,  124, 

127 
apex,  124 
apex  beat,  102 
arrangement  of  fibres,  92 
aspiration  of,  172 
auricular  systole,  98 
automatic  centres,  I3i 
automatic  regulation,  96 

97 
blood  vessels  of,  97 
changes  in  shape,  106 
chordae  tendinese,  lOO 
cutting  experiments,  109 
development  of,  921, 934 
diastole,  98 
duration  of  movements, 

116 
endocardium,  95 
examination  of,  117 
fret's,  118 
ganglia  of.  II8 
hypertrophy  of,  lox 
impulse  of,  102 
innervation  of,  117 
movements  of,  98 
muscular.  6bres,  94 
myocardium,  92 
nerves,  118 


Heart  nutritive  fluids,  1 20 
palpitation  of,  loi 
pause  of,  100,  107 
pericardium,  95 
Furkinje's  fibres,  96 
regulation  of,  96, 97 
section  of,  122 
sounds  of,  112 
staircase  beats  of,   122, 

126 
systole,  98 
valves  of,  95 
weight,  96 
work  of,  180 
Heat,  37 

balance  of,  379 

calorimeter,  371 

centres,  377,  755 

conduciivily,  373 

dyspnoea,  215,  715 

employment  of,  384 

estimation  of,  371 

excretion  of,  377 

income  and  expenditure, 
380 

in  inflamed  parts,  387 

in  muscle,  543 

latent,  362 

production,  364 

regulating  centre,  376 

relation  to  work,  381 

sources  of,  362 

specific,  371 

stiffening,  517 

storage  of,  382 

units.  37.  3^3 

variations    in  production, 

380 
Helicotrema,  857 
Heller's  test,  265,  458 

blood  test,  461 
Helmholtz's  modification,  599 
Hemeralopia,  637 
Hemialbumin,  293 
Hemialbumose,  292,  293 
Hemianesthesia,  744 
Hemianopsia,  636 
Hemicrania,  728 
Hemiopia,  636 
Hemipeptone,  292 
Hemiplegia,  757 
Hemisystole,  1 12 
Henle's  loop,  435 

sheath,  580 
Hen's  egg,  903 
Hensen's  experiments,  867 
Hepatic  cells,  305 

chemical      composition 
of,  307 

zones,  305 
Hepatogenic  icterus,  317 
Herbst's  corpuscles,  881 
Hermann's  theory  of  tissue  cur- 
rents, 613 
Herpes,  632 
Hetero-albumose,  293 


Hetero-xanthin,  450 
Heterologous  stimuli,  781 
Hewson's  experiments,  74 
Hibernation,  386 
Hiccough,  227 
Hippocampus,  738 
Hippuric  acid,  451 
Hippus,  638 
Histo-hfematin,  200 
Historical — 

Absorption,  361 

Circulation,  202 

Digestion,  334 

Hearing,  870 

Heat,  387 

Kidney  and  urine,  486 

Metabolism,  433 

Nerves  and  electro- physiology, 
629 

Nerve  centres,  780 

Peripheral  nerves,  674 

Reproduction    and     develop- 
ment, 948 

Respiration,  249 

Sight,  845 

Skin,  499 

Smell,  873 

Taste,  877 

Voice  and  speech,  573 
i  Hoarseness,  573 
{  Holoblastic  ova,  903 
'  Homoiothennal  animals,  365 
Homologous  stimuli,  781 
Horopter,  838 
Hot  spots,  887 
Howship's  lacimae,  934 
Humor,  aqueous,  792 
Hunger  and  starvation,  408 
Hyaloid  canal,  791 
Hybrids,  912 
Hydatids,  896 
Hydrsemia,  89 
Hydramnion,  924 
Hydrobttinibin,  314 
Hydrocele,  75 
Hydrocephalus,  778 
Hydrochinon,  453 
Hydrochloric  acid,  288 
Hydrocyanic  acid,  66 
Hydrogen  in  body,42i 
Hydrolytic  ferments,  427 
Hydronephrosis,  485 
Hydrostatic  test,  209 
Hydroxylbenzol,  453 
Hyo-cholalic  acid,  313 
Hypakusis,  653 
Hypalgia,  891 
Hyperzesthcsia,  696 
Hyperakusis,  653 
Hyperalgia,  653 
Hyperdicrotism,  149 
Hypergeusia,  877 
Hyperglobulie,  88 
Hyperidrosis,  498 
Hyperkinesia,  696 
Hypermetropia,  804 
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^H 

Hyperoptic,  804 

Internal  reproductive  orgAnStMO 
rcKpirJlion,  203,  23ft 

Katalepsy,  737 

^^^^H 

llypero&niia,  G34 

Katjnns,  594 

^^^H 

Hy|)erp«bphc5ia,  889 

Intestinal  Bstula,  322 

Keratin,  426 

^^^H 

Hypertrophy  of  heart.  lOI,  ill 

ease*.  324 

Kefatilis.  652 

^^^^H 

of  muscle,  554 

juice,  323 

Keys- 

^^^^B 

Hypnoii^m.  736 

actions  of,  323 

Captllary  contact,  603 

^^^^H 

Hy|H>bla5t,  915 

paresis,  2S2 

Friction,  6o3 

^^^H 

Ilypogeiuifl.  S77 

Intestine,  278 

Plug.  602 

^^^^M 

Hypogloual  nefve,  664 

artificial     circalalton. 

Kidney,  434 

^^^^1 

Hypophysii  cerebri.  200,  772 

283 

blood  of.  475 

^^^^H 

HypD[)5elaphuia,  SS9 

development  of,  938 

chemistry  of.  475 
condii  ion»  aSeCtui^^f^ 

^^^H 

Hyp'jsmii,  654 

effect  of  drugs  on,  383 

^^^H 

!i]!^padia4,  94I 

fermentatioa  processes 

reatKor]>lion  in,  473 

^^^^1 

Hypoxinthin.  433 

in,  324 

sirociurc  "f,  434 

^^^^H 

Urge.  328,  342 

volume  of.  477 

^^^^1 

mot'emenis  uf,  278 

Kin^i^fodic  suLmancc,  695 

^^^H 

Ichtbidin,  425 

small,  336 

Kinetic  energy,  362 

^^^H 

Icterus,  318 
Identical  points,  837 

Tnlra-Iabyriothine  pressure,  860 

theory.  654 

^^^^B 

Inira-lobutar  vein,  304 

KUng,  864                                       J 

^^^^H 

Ileo  coUc  valve,  377 

Intra-ocular  pteaaure,  644,  792, 

Knee  pbcnomctioo,  693        ^^M 

^^^^B 

Ileus,  278 

811 

j<rk,  693                        ^M 

^^^^1 

Ilturaination  of  eye,  814 

Intra  thoracic  pressure,  225 

reflex.  693                    ^^M 

^^^^B 

Illusion,  7S2 

Intra-vascuUr  bemonhage,  727 

Kcmig's  moiuxnetric  flasm,^^^ 

^^^^H 

Images,  furmalion  of,  79S 

Innlin,  432 

Koumiss,  395                           ^^H 

^^^H 

Imbibiiion  cunenu,  615 

Inunction,  49S 

Krausc's  end  bulba,  ft&>         ^^M 

^^^^B 

Impregnation.  913 

Inveittn,  326 

Kreaiin,  433                             ^H 

^^^^1 

Impulse,  cardine,  102 

Invert  sugar,  326 

Kreallnin.  433,  449                        1 

^^^H 

Impulses  in  brain,  course  of,  704 

Inverted  inia^e,  798 

properties.  449      J 

^^^^H 

iDanitioi),  233 

Ions,  594 

quantity,  449        ^m 

^^^^1 

Incisures,  578 

Iris,  786 

test,  449                 ^H 

^^^^H 

Income,  406 

action  of  poisons  on,  8x0 

Kresol,  433                               ^H 

^^^H 

Indican,  452 

blood  vessels  of,  787 

Kryptophantc  acid,  454          ^^| 

^^^^H 

IndilTerent  point,  615 

funct'ons  of,  808 

Kabne's  aniliciat  eye,  798    ^^^ 

^^^^B 

Indigo  blur,  453 

movements  of,  809 

expencnents,  6u6»  ^4^^| 

^^^^H 

Indigo  carmine  test,  463 

muscles  of.  809 

pancreas  powder,  J9^^| 

^^^H 

Indigoijcn,  453 

nerves  of,  809 

KvmogTaph,  162                     ^^H 

^^^^1 

Indirect  vision,  S19 

Irradiation,  S30 

Kick's,  165         ^H 

^^^H 

ludof,  300,  327 

of  pain,  698,  890 

Heriog'a,  164     ^^ 

^^^^H 

Induction,  599 

Ischuria,  486 

I^dwig**,  1^           J 

^^^^^ 

Inductorium,  601 

Island  of  Reit,  741 

Kyphosis,  553                          ^^ 

Inferior  m-Txillary  nerve,  645 

l&odynamic  foDd*.  363 

Inhibition,  natuie  of,  690 

Isolated  beats.  868 

^^1 

Inhibition  of  reHcxes,  689 

Isomcltical  act,  537 

Labiala,  572                         ^H 

Inhibiiory  action  of  brain,  756 

Itotropoui,  51 1 

Labor,  power  of,  946              ^^M 

nerves,  633 

Ijibyrinth,  856                             ^^ 

for  heart,  71S 

Lachrymal  apparatus,  844 

for  intestine,  282 

Jackson  ian  epilepay,  746, 759 

Lacleals,  336.  348 

for  respiration,  716 

Jacobaon's  organ,  873 

Iridic  aad.  288.  393.  4JB 

fcnneat,  290         ^J 

Inion,  764 

Jaeger's  types  805 
Jaandice,  317 
Jaw  jerk,  693 

Initial  ont'aclion,  537 

Lactometer,  394                         ^H 

Inosinic  acid.  433 

Lactoprolcin,  393              ^^^^M 

Inosit.  432 

Joints,  548 

I.actoscope,  394              ^^^^^| 

Insectivorous  plants,  334 

arthiodial,  $49 

I^actosc,  431                    ^^^^H 

Inspiration,  213 

ImII  and  socket,  549 

Lxvulosc,  326,  431          ^^^^H 

centre  for,  713 

ginglyn.us.  548 

l4igoph(balmus,  638             ^^M 

muscles  of,  216 

mechanism  of,  547 

Lambefl's  me<bixl,  824  ^^^^H 

ordinary,  216 

rigid.  549 

LamiiuK  dorulrsi,  91S     ^^^^^| 

Intelligence,  degree  of,  734 

screw  hiDgc,  54S 

Lamina  spirilis,  S57       ^^^^H 

Intercellular     blood     channels, 

Juice  canals,  348 

Language,  7&I                          ^^M 

>J7 

LanoUne,  494                   ^^^^H 

Intercenirat  nerves,  633 

Lanu(;o,                           ^^^^^H 

Intercostal  muscles,  2lS 

Karyokinesis,  S94 

Lapping.                         ^^^^^^ 
Laraaccin,  435                 ^^^^H 

' 

Inter  ference,  868 

KaryomiioD,  893 

Inter|;l<vb(iliir  spaces,  268 

Karyoplasmo,  893 

Large  imestine^  328,  34a 

Interlobular  vein,  304 
Internal  ca|>sule,  766 

Kalabolic  ractobolum,  388 
nerves,  633 
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LaTyng(»cope,  566 

Larynx,  cartilages  of,  560 

during  respiration,  567 
experiments  on,  568 
illumination  of,  565 
mucous    membrane  of, 

564 
muscles  of,  561 
view  of,  566 
vocal  cords,  560 

Latent  heat,  362 
period,  528 

Lateral  plates,  920 

Laughing,  227 

Law  of  conservation  of  enei^, 

contraction,  61S 
isolated  conduction,  623 
peripheral      perception, 

881 
speciBc  energy,  781 

Leaping,  557 

Lecithin,  69,  429,  518 

Legumin,  398 

Lens,  chemistry  of,  790 
crystalline,  790 
development  of,  945 

Lenticular  nucleus,  766 

Leptothrix  epidermalis,  498 
buccalis,  261 

Leucic  acid,  430 

Leucin,  300 

Leucocytes,  54 

Leucoderma,  632 

Leucomaines,  294 

Leuksemia,  59 

Levers,  551 

Lichenin,  432 

Lielwn's  test,  454 

Lieberkiihn's  glands,  321 

jelly.  425 

Liebermann's  reaction,  424 
Liebig's  extract,  397 
Life,  38 

Limbic  lobe,  754 
Limb  plexus,  669 
Ltminal  intensity,  781 
Line  of  accommodation,  803 
Ling's  system,  553 
Lingual  nerve,  646 
Lipoemia,  88 
Liquor  sanguinis,  70 
listing's  reduced  eye,  797 

law,  834 
liver,  303 

action  of  drugs  on  cells, 
306 

chemical        composition, 

307 
cirrhosis  of,  307 
development  of,  939 
fat  in,  309 
functions  of,  31 1 
glyc<^en  in,  308 
influence-  on  metabolism, 

3»6 


Liver,  pathology  of,  307 
pulse  in,  186 
r^eneration  of,  307 
structure  of,  303 
Lobes  of  brain,  740 
Locality,  sense  of,  882 

illusions  of,  884 
Lochia,  947 
Locomotor  ataxia,  697 
Lordosis,  553 
Loss  by  skin,  238 
Loss  of  waghl,  409 
LSwe's  ring,  814 
Lungs,  203 

chemical  composition  of, 

209 
development  of,  939 
elastic  tension   of,   129, 

173,  210 
examination  of,  220 
excision  of,  209 
limits  of,  221 
physical  properties,  209 
structure  of,  205 
tonus,  208 
Lunule,  489 
Lutein,  909 

Luxus  consumption,  403 
Lymph.  353 

movement  of,  356 
leases  of,  239,  354 
Lymphatics,  348 

of  eye,  791 
origin  of,  348 
Lymph  corpuscles,  352 

origin  and  decay  of,  355, 

356 
follicles,  351 
glands,  351 
hearts,  358 


I  Macropia,  638 

Macula  lutea,  789 

Macule  acusticx,  859 

Madder,  feeding  with,  418 

Magnetization,  599 

Magneto-induciiun,  600 

Major  chord,  861 

Malapterurus,  629 

Malt,  401 

Maltose,  262,  431 

Mammary  gland^,  390 

changes  in,  390 
development  of,  391 
structure  of,  390 

Manometer,  161 

frog,  123 
maximum,  100 
minimum,  100 

Manometric  flames,  866 

Marey's  tambour,  109 

Margarin,  489 

Marginal  convolutions,  74I 

Mariotte's  experiment,  818 

Massage,  553 


Mastication,  267 
Mastication,  muscles  of,  267 

nerves  of,  267 
Mat6,  400 
Matter,  34 

Maturation  of  ovum,  913 
Meat  soup,  397 
Meckel's  cartilage,  931 
ganglion,  645 
Meconium,  320 
Medulla  oblongata,  705 

Functions  of,  710 

Gray  matter  of,  708 

Reflex  centres  in,  710 

Structure  of,  705 
Medullary  groove,  916 

tube,  918 
Meibomian  glands,  843 
Meiocardia,  128 

Meissner's  plexus,  275,  sSi,  342 
Melansemia,  59 
Melanin,  429 
Melitose,  431 
Mellitaemia,  88 
Mellituria,  88 
Membrana  decidua  menstmalis, 

925 
flaccida,  849 
reticularis,  860 
reuniens,  922 
secundaria,  856 
tectotia,  859 
tympani,  849 

Membranes  of  brain,  776 

Meniere's  disease,  655 

Menopause,  906 

Menstruation,  907 

Mercurial  balance,  885 

MerkeVs  cells,  880 

Meroblastic  ova,  903 

Mesentery,  development  of,  939 

Mesoblast,  9x6 

Mesonephros,  941 

Metabolic  equilibrium,  402 
phenomena,  388 

Metabohsm,  3S8 

in  anaemia,  89 
on  flesh  and  other 
diets,  409 

Metakresol,  453 

Metalbumin,  424 

Metallic  tinkling,  224 

Metalloscopy,  891 

Metamorphosis,  895 

Metanephros,  94I 

Meteorism,  282 

Mettuemoglobin,  64 

Methylamine,  432 

Meynert's  projection  systems,  700 
theory,  734 

Micrococci,  457 

Micrococcus  urex,  457 

Microcytes,  58 

Micropyle,  902 

Microscope.  180 

Micro5rganisms,  330 


Micro- spectroscope,  62 
Micturition,  483 

centre  for,  694 
MigTBlion  of  ovum,  912 
Milk,  392 

action  of  dmgs  on,  393 

congulatioo  of,  393 

colostrum,  390 

cooijxwiiion  of,  391 

cnrdlinjj  ferment,  288,393 

digciitioo  of,  295 

fever,  392.  947 

globules  of,  392 

peptooized.  303 

plasma,  392 

prcparation&  of,  395 

substitutes  for,  394 

sugar.  393 
tests  for,  394 

Millon's  reagent,  423 
Mimetic  spasm,  652 
Mimicry.  574 
Minor  chord,  86I 
Mitosis,  894 
Mixed  colors,  825 
MwlioUia,  S57 

Molecular  basis  of  chyle,  353 
Molecules,  34 
Molisch's  test,  265 
Monoplegia,  759 
Monospasm,  760 
Moore's  lest,  265 
Moreou's  experiment,  323 
Mormyrus,  629 
Morphology,  33 
Morula,  914 

Motion,  illusions  of,  830 
Motor  areas,  756 
Motor  centres,  dog,  742.  744 
exciMon  of,  749 
in  man,  749 
in  monkey,  746 
nerves.  63 1 
paths,  703 

points  on  the  snrhce,  624, 
625 
Month,  250 

glands  of,  250 
Mouvcraenis  dc  mant-^gc,  77I 
Movements  of  the  eye,  833 
acquired,  750 
forced,  770 
incoOrdinaied,  668 
Macedin,  426 
Mucigen,  337 
Mucin,  312,  426 
Mucous  membrane  currenls,  61 1 

ti&sue,  791 
Mucus,  elTcct  of  drugs  on,  247 
formalJOQ  of,  243,  312 
MulberT)'  mas9>,  914 
Mulder's  test,  265 
Miillcr's  ducl&,  94O 

experimenl.  129,  154 
fibres,  789 
valve,  228 


Multiplicator,  593 

Murexide  test,  449 
Murmurs,  cardiac,  115 
venous.  1 85 
MuscL-  volitantes,  81 2 
Muscarin,  720 
Muscle,  502 

action  of  two  stimuli  on, 

533 
action  of  verotrin,  532 
active  chantes  in,  524 
arrangement  gf,  549 
atrophic  proliferation  of, 

554 

blood  vessels  of,  506 

cardiac,  92,  509 

changes  during  contrac- 
tion, 524 

chemical      composition, 

511 
current,  597 
curve  oJr,  528 
degenerations  of.  554 
development  of,  509 
eflcct  of  acids  on,  518 
effect  of  cold  on,  518 
effect  of  distilled  water 

on, 518 
effect  of    exercise    on, 

553 
effect  of  heat  on,  517 
elasticity  of,  541 
electric  currenu  of,  604 
excitability  of,  519 
extracliTcs  of,  514 
fatigue  of,  545 
ferments,  512 
fibrillar,  504 
fonnation  of  beat  in,  543 
gases  in,  513 
glycogen  in.  512,  514 
hypertrophy.  554 
involuntary,  502 
lyii.pliaiicj)  of,  507 
metabolism  of,  513 
myosin  of,  572 
nerves  of,  507 
nutrition  of,  553 
of  heart,  92,  509 
perimysium  of,  502 
physical  characters,  511 
plaxma  of,  511 
plate,  932 

pulariitcd  light  00,511 
react  ion,  511 
recovery  of,  547 
red  and  pale,  509 
relation  to  tendons,  506 
rhythmical    contraction, 

523 
rigor  mortis  of,  515 
rods,  50s 

sensibility,  508,  543 
serum  of.  512 
smooth,  502,  509 
sound  of,  545 


Muscle,  spectmm  of,  509 
alalrcoM  of,  535 
stimuli  of,  52a 
structure  of  striped,  51 
tetanus,  534 
tonus,  543.  694 
usei  of,  549 
volume  of,  524 
volunUry,  502 
work  of.  53S 
Muscle  current,  605 

theories,  613 
Muscular  coulracCioo    (see  Mj/\ 

ffram),  rate  of,  557 
MuKular  enet^y,  515 
exercise,  233 
sense,  $91 
work,  514 

latvs  of,  538 
Mutes,  572 
Mydriasis,  638 
Mydriatics,  810 
Myelin  forms,  577 
Myocardium,  92 
My<^ram,  538 

effect  of  constant  citr> 

rent  on.  532 
effect   of  faitgue    00, 

53" 
effect  of  pobona  on* 

53» 

effect  of  veralrin  00, 

S3J 

effect  of  weights 

531 

method  of  studyii 

526 
sla'^es  of,  529 
Myc£r^>h,  Hclmholu's,  $26 
pendulum.  526 
PflUger's,  52S 
simple.  528 
spring.  528 
Myohxmatin,  429,  309 
Myopia,  804 

Myoryctcs  Wcl<anantu,  51 1 
Myosin,  424,  513 

fenxwnt,  51a 
Myosis,  639 
Myotics,  Si  I 
Myxcedema,  199,  633 


Nails,  4S9 

Narcotics,  890 

Nasal  breathing.  226 
timbre,  571 

Nasmyth's  membrane,  268 

Native  albumins.  424 

Natural  selection,  947 

Near  point,  803 

Ncefs  hammer,  60I 

N^ative  accommodAUoo,  8(X> 
after  imogea,  830 
pressure,  344 
variation,  607,  609 


CO. 

1 


INDEX. 


967 


Nephrozymose,  454 
Nerve  cells,  575,  580 

bipolar,  580 

multipolar,  580,  679 

of  cerebrum,  737 

PurkiDJe's,  773 

with  a  spiral  fibre,  581 
Nerve  centres,  general  functions, 

675 
Nerve  current,  603 
Nerve  fibres,  575 

action  of  nitrate  of  silver 
on,  579 

chemical    properties   of, 

classification  of,  631 

death  of,  591 

degeneration  of,  587 

development  of,  580 

division  of,  579 

effect  of  a  constant  cur- 
rent on,  585 

electrical  current  of,  603 

electrical  stimuli,  585 

excitability  of»  583 

fatigue  of,  587 

incisures  of,  578 

mechanical  properties  of, 
582 

medullated,  575 

metabolism  of,  582 

nutrition  of,  588 

Kanvier's  nodes,  578 

reaction  of,  582 

recovery  of,  587 

regeneration  of,  587,  589 

sheaths  of,  579 

stimuli  of,  583 

structure  of,  575 

suture  of,  590 

terminations  of,  878 

to  glands,  256 

traumatic  degeneration 
of,  589 

trophic  centres  of.  589 

unequal  excitability  of, 
586 

union  of,  590 

unipolar  stimulation    of, 

587 
Nerve  impulse,  rate  of,  620 

method     of    measuring, 

621 
modifying  conditions  of, 
620 
Nerve  motion,  623 
Nerve-muscle  preparation,  606 
Nerves,  63 1 

afferent,  633 
anabolic,  633 
centrifugal,  631 
centripetal,  633 
cranial,  634 
electrical.  623 
inlerceiitral,  633 
kalabolic,  633 


!  Nerves,  motw,  631 

secretory,  63I 
sensory,  633 
special  sense,  633 
spinal,  665 
I  trophic,  631 

j  union  of,  590 

;  vasO'dilator,  729 

J  vasomotor,  722 

I  visceral,  633 

Nerve  stretching,  583 
,  Nervi  nervcmmi,  580 
I  Nervous  system,  575 

development,  943 
I  Nervus  abducens,  649 
accelerans,  720 
acceiisorins,  664 
acusticus,  653 
depressor,  660 
erigens,  693,  729, 910 
facialis,  649 
glossopharyngeus,  655 
hypc^lossus,  664 
oculomotorius,  637 
olfactorius,  634 
opticus,  634 
sympathicus,  670 
I  trigeminus,  640 

I  trochlearis,  639 

;  vagus,  657 

I  Keubauer  s  test,  265 
I  Neuralgia,  648 
j  Neurc^lia,  681,  682 
{  Neural  tube,  918 
'  Neurasthenia  gastrica,  331 
]  Neurin,  581 
I  Neuro-epithelium,  788 
'■■  Neuro- keratin,  578 
'  Neuro -muscular  cells,  522 
New-born  child,    digestion    of, 
j  291 

pulse,  149 
size,  419 
temperature,  374 
urine  of,  440 
weight,  419 
!  Nictitating  membrane,  S46 
j  Nitrites,  64 
I  on  pulse,  147 

Nitrogen  in  air,  230 

■  in  blood,  85 
in  body,  421 

■  given  off,  402 
;  Noeud  vital,  712 

!  Noises,  860 

I  Nose,  development  of,  931 
j  structure,  871 

;  Notochord,  919 

Nuclear  spindle,  861 

Nuclein,  426 

Nucleus  of  Pander,  904 

Number  forms,  870 
I  Nussbaum's  experiments,  472 

Nutrient  enemata,  347 
I  Nyctalopia,  6;7 
1  Nystagmus,  654,  771 


'  Oatmeal,  398 

;  Octave,  86 1 

I  Oculomotorius,  637 

I  Odontoblasts,  268 

.  CEdema,  359 

I  cacheaic,  360 

pulmonary,  226 
I  CEsophagus,  274,  275 
j  Ohm's  law,  592 
Oleic  acid,  429 
I  Oligsemia,  89 
Olivary  body,  707 
Olfactory  centre,  754,  763 
nerve.  634 
sensations,  872 
Omphalo-mesenteric  duct,  921 

vessels,922 
Onamatopoesy,  574 
Oncograph,  195.477 
Oncometer,  477 
Ontc^cny,  948 
Opening  shock,  599 
Ophthalmia     neuro  -  paraljrtica, 
644 
intermittens,  644 
sympathetic,  644 
;  Ophthalmic  nerve,  641 
I  Ophthalmometer,  798 
Ophthalmoscope,  814 
■  Optic  nerve,  634,  813 

radiation,  635 
I  thalamus,  766 

'  tract,  634 

I  vesicle,  919 

:  Optical  cardinal  points,  795 
Optogram,  823 
Optometer,  805 
Ordmates,  164 
Organic  albumin,  403 

compounds,  423 
reflexes,  693 
Ortho-kresol,  453 
Orthopncea,  215 
Orthoscope,  817 
Osmasome,  397 
!  Ossein,  427 
Osseous   system,    formation   of, 

930 
Osteoblasts,  934 
I  Osteoclasts.  934 
^  Osteomalacia,  553 
Oiic  ganglion,  646 
'  Ovarian  tubes,  902 
Ovary,  901 
I  Overcrowding,  245 
I  Ovulation,  907 

theories  of,  908 
.  Ovum,  901 

development  of,  902 
discharge  of,  908 
'  fertilization  of,  913 

impregnation  of,  913 
maturation  of,  913 
I  migration  of,  912 

structure  of,  901 
,  Oxalic  acid,  430,  450 


Pacchioniin  bodies,  777 
Paciui's  corpoicles,  879 
Pain.  SS9 

imdiaiion  of,  890 
p'jiuts.  8S2 
Painful  impressions,  conducUoa 

of,  697 
PalmiLlc  acid,  429 
Palpitation,  loi 
Pancreas,  297 

changes  in,  298 

dcvelopnicDt  of,  939 

fistula  or,  29K 

juice  of,  299 

paralytic       secretion, 

303 
powder,  301 
&alt,  303 
Ftncreoiic  secretion,  298 
acliuns  of,  299 
artificial  juice,  300 
action  of   nerves    on, 
303 
actloa  of  poisons  on, 

com)>o»itiOQ,298,  299 

exlmct^,  302 
rBOopliihalmia,  643 
Pansphygmograph,  102 
Papain,  301 
Pipilia  foliata,  875 
Papilla;  of  (oi'gue,  S74 
Parablaslic  ccUn,  920 
Paradoxicdl  contraction,  612 
Paraglobultn,  78 
Parakro-.l.  433,  453 
Paralbumin,  423 
Paralgia,  Sgo 
Paralytic  secretion  orsalfvt,358 

pancreatic  juice,  303 
Pftrantyliim,  432 
Para  peplooc,  292 
fanohosia*  761 


Peptogenic  substances,  291 
Peptone,  292,  294 

absorption  of,  345 
forniint;  f<:rment,  288 
injection  of.  7 J.  3-45 
mctnboli&m  of,  410 
le»ts  for,  294 
Peptonized  foods,  303 
Peptonuria,  459 
Percussion  of  heart,  117 
luugs.  222 
sonnds,  222 
wave,  145 
Perforating  ulcerof  the  foot,  63a 
Pericardium,  95 

tluiJ  of.  354 
Peril>-mph,  858 

Petimclcr,  Aubcn  and  Forstcr, 
819 
M'Hardy's,  820 
Priestley  Smith's,  S22 
Perimetric  chart.  820 
Perimetry,  S19 
Perimysium,  92,  502 
Perineurium,  ^fiO 
Periodontal  membrane,  268 
PcitAialtic  muvemcut  277 

action  of  blood  en,  281 
action   of   nerves  on, 

Pfentoneum.  development  of,  939 
Ptvivascular  spaces,  738 
Pernicious  an:vmia,  58 
Pettenkofer's  test,  313 

apparatus.  229 
Pcyer's  glands,  ^jt) 
I*rtUger'5  law,  617 

Uw  of  reflexes,  688 
Phaf^cyles,  56 
Pbaknscope.  802 
Phanakibtc;sco[>c,  830 
Pha«es,  di&pUccment  of,  S64 
ITienol,  327.  453 
PbcavUtilohonic  ocuL  A^i 


.  334 
rre^ 
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Pitch,  «Si     '        

Pituiury  body,  77a 
Placenia,  926 
Placemal  bruit,  1S4 
Plantar  reflex,  691 
Plants,  characters  of,  J9 
diecstion  by,  334 
electrical  curreq 
Plasma  cells,  776 

of  blood,  70,  \ 
of  iiivcrtelirati 
of  lymph.  35j^ 
of  inilk,  392 
of  muscle,  S>l 
Plasmine,  74 
Ilethora,  88 
Plethysmography.  187  ^ 
Pleura,  206 
Pl euro- peritoneal  cav 
Pleximeler,  221 
Pneumatic  cabinet,  15I 
Pneumatogram,  314 
Pneuniatomcter,  2x6 
Pneumograph,  I2g,  21 
Pneumonia  after  sec 

66[ 
Pneumothurax,  210 
Poikilolhcnnal  onimaU,  J 
I'oiseuillc's  space.  iSl^H 
Poison!,  heart,  137  ^M 
Polar  globules,  913  ■ 
Polarization,  galva.nic.  59, 

internal, 
Polaruing  arier-cumrn 
Politzcr's  ear  bag,  856] 
Folyxmia,  87 

apocopdca^ 

fti^UO:^,  87 
hyiwrnlbumilK 

polvcyth.uiuci 
senua,  87 
Polyopia  tnonocularia,  Bol 
Pons  Varolii,  769  ^1 
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Potatoes.  398 

R-esbyopia,  805 

Pressor  fibres,  724 

Pressure,  arterial,  165 

atmospheric,  247 
intra-lebyrinlhiiie,  860 
of  blood,  161 
phospbenes,  813 
points,  882,  885 
respiratory,  225 
sense  of,  S85 

Presystolic  sound,  1 15 

Prickle  cells,  487 

Primitive  anus,  923 
aorta,  921 
chorion,  915,  925 
circulation,  921 
groove,  915 
kidneys,  940 
mouth,  923 
streak,  9 15 

Primordial  craniumf  930 
ova,  902 

Principal  focus,  793 

Proctodseum,  918 

Pr<^lottis,  895 

Prt^essive  muscular  atrophy, 

554 

Pronephros,  941 

Pronucleus,  male,  913 
female,  913 

Propepsin,  289 

Propeptone,  292 

Protagon,  428 

Proteids,  423 

coagulated,  425 
gastric  digestion  of,  292 
fermentation  of,  337 
metabolism  of,  409 
pancreatic  digestion  of, 

300 
reactions  of,  423 
vegetable,  425 

Proteolytic  ferments,  427 

Proteoses,  292 

Protista,  33,  41 

Proto-albumose,  293 

Protovertebrse,  919 

Pseudo-bypertropic     paralysis, 

554 
I^eudo'motor  action,  650,  653 
T^udcscope,  841 
Pseudo-stomata,  206 
I^ychical  activities,  731 

blindness,  752 

deafness,  753 

processes,  time  of,  735 
Psycho-physical  law,  781 
Ptomaines,  294 
Ptosis,  638 
Ptyalin,  263,  264 
Plyalism,  259 
Puberty,  906 
Pulmonary  artery,   pressure   in, 

'73 
vessels,  206 


Pulmonary  oedema,  326 
Pulp  of  tooth,  369 
of  spleen,  192 
Pulse.  139 

anacrotic,  153 

capillary,  161 

catacrotic,  145 

characters  of,  144 

conditions  affectii^,  149 

curve,  144 

dicrotic,  148 

cntoptical,  157 

fayperdicrotic,  149 

in  animals,  150 

in  jugular  vein,  186 

in  liver,  186 

influence  of  pressure  on, 

.    '55 

influence    of   respiration 
on, 153 

instruments  for  invest^a- 
ting,  140 

monocrotic,  X48 

of  various  arteries,  151 

paradoxical,  155 

pathological,  158 

rate,  I49.  >70 

recurrent,  152 

tracing,  144 

trigeminal,  150 

variations  in,  150 

venous,  185 

wave,  156 
Pulses,  398 
Pulsus  ahemans,  150 

bigeminus,  150 

caprizans,  X49 

dicrotus,  149 

intercurrens,  150 

myums,  150 
Pumping  mechanisms,  357 
Pupil,  802 

action  of  poisons  on,  810 

Ai^U  Robertson,  810 

functions  of,  808 

movements  of,  809 

photometer,  811 

size  of,  81 1 
Pupilometer,  811 
Purgatives,  283 
Purkinje,  cdls  of,  773 

fibres  of,  96,  509 
figure,  812 
Sanson's  inuges,  801 
Pus  corpuscles,  182 
Putrefaction,  pancreatic,  300 
Putrefactive  processes,  328 
Pyloric  glands,  286 

changes  in,  289,  290 

fistula.  289 
Pyramidal  cells,  739 
tracts,  684 

degeneration 
of,  758 
Pyrokatechin,  430,  453 
I^ria,  465 


Quality  of  a  note,  861,  863 
Quantity  of  blood,  86 
of  food,  405 
of  gases,  232 


Rales,  dry,  224 

moist,  224 
Rami  communicantes,  670 
Range  of  accommodation,  806 
Ranvier's  nodes,  578 
Raynaud's  disease,  632 
Reaction  impulse,  105 
Reaction  of  degeneration,  637 
Reaction  time,  624,  735 
Recoil  wave,  145 
Rectum,  283 
Recurrent  pulse,  152 

sensibility,  667 
Red  blindness,  828 
Reduced  eye  of  Listing,  797 
Reducing  agents,  84 
Reductions  in  intestine,  328 
Reflex  acts,  examples  of,  687 

inhibition  of,  689 

Uw  of,  688 

movements,  686 
Reflex  movements, theoryof,  69X 

nerves,  633 

organic,  693 

spasms,  686 

tactile,  697 

time,  689 

tonus,  695 
Reflexes,  crossed,  688 
deep,  692 
spin^,  686 
oi^nic,  694 
Refracted  ray,  794 
Refractive  indices,  794 
Regeneration  of  tissues,  416 
of  nerve,  589 
Regio  olfactoria,  871 

respiratoria,  87 1 
Regnault's  apparatus,  22S 
Reissner's  membrane,  857 
Relative  proportions  of  diet,  405 
Remak's  ganglion,  119 
Renal  plexus,  476 
Rennet,  295,  393 
Reproduction,  forms  of,  893 
Requisites  in  a  proper  diet,  405 
Reserve  air,  210 
Residual  air,  210 
Resistance,  132 
Resonance  organs,  560 
Resonants,  572 
Resonators,  867 
Resorcin,  453 
Respiration,  203 

amphoric,  224 
artificial,  243 
Bim's,  216 
bronchial,  224 
centre  for,  712 
chemistry  of,  227 


^^^97^^^^^^^ 
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^^H 

^^^H             Respiration,  cog-wheel,  324 

Ritter-ValL  taw,  $91 

Scyllii,  433                      ^^^^H 

^^^^^^^-                        cuuncous,  238 

Rods  and  conca,  7SS,  819 

Sebaceous  glaad&,  493    ^^^^^| 

^^^^^^b                               717 

Rods  of  Corti,  859 

secretioa,  493         ^^M 

^^^^^^^^^^ 

Ro«enlhal's  modilicatioD,  531 
Rotatory  disk  for  colors,  534 

Seborrhora,  498                          ^H 

^^^^^^^^^^^L               foreign  gases,  244 

Secondary  circulation,  933              ' 

^^^^^^^^^^^H                    a.  closed  space. 

Rudimentary  orgaiu,  94S 

contraction.  609              | 

^^^^^^^^^H 

Kumination,  333 

decomponiiocts,  $95 

^^^^^^^^^^H                 aninuls, 

Running,  555 

dcgencratioa,  68j 

^^^^^^^^^^H 

teunos,  609            ^^ 

^^^^^^^^^^^H                          of,  209 

Secretion  cunents,  611            ^^M 

^^^^^^^^^^H 

SaccbaromyceteB,  401 

Secretory  nerves.  631               ^^M 

^^^^^^^^^^^H 

Saccharow,  431 

Sectional  area,  178                   ^^M 

^^^^^^^^^^^H 

Saccule,  857 

Segmentation  sphere,  914       J^^^ 

^^^^^^^^^^H               pathological. 

SaftcanSlchen,  348 

Self  stimalaiioD  of  muicle,  6aa^H 

^^^^^^^^^^H 

Saline  cathartics.  284 

Semen,  composiiioo  of,  B98      ^H 

^^^^^^^^^^^H               preMore  during,  225 

Saliva,  action  of  nerves  on,  256 

ejaculation  of,  91 1         ^^ 

^^^^^^^^^^H              prcHure  on    heart. 

action  of  poisons  on,  257 

reception  of,  91 1 

^^^^^^H                  128 

action  on  starch,  262 

Semicircular  canals,  654,  859    ^_ 

^^^^^^^^^^H 

chorda,  356 

Sensotioo,  78 1                               ^H 

^^^^^^^^^^F 

compo<iition  of,  26x 

Sense  organs,  78 1                      ^H 

^                   type,  214 

facial,  356 

devclopmem  of.  944             1 

^^^^^^^P                         variaUoRS  of, 

functions  of,  263 

Sensory  areas,  751                            J 

^^^^^^^^                           ve»iculu,  223 

mixed,  361 

CTDsaway,  705, 768       ^m 

^^^^^           Re^tratory  apparatus,  203 

new-bom  child,  362 

paths,  704                    ^M 

^^^^^^_^                         Andral  and  Gavv- 

paralytic  secretion,  35S 

seoaariooa,  8S1           ^^M 

^^^^^H 

parotid,  260 

Sena,  433                               ^H 

^^^^^^^H 

|iathological,  331 

Serou<i  cavities,  350                  ^^M 

^^^^^^^^                                          of,  309 

ptyalin,  260,  263 

Serum  of  blood.  71                  ^H 

^^^^^^H                         V.  Penenkofer.  229 

reflex  secretion  of,  258 

Serum  albumin.  78,  424          ^^^ 

^^^^^^^^1 

sublingual,  261 

Serum  gloI>ulin,  7S.  424                  ^ 

^^^^^^^H                         RegnauU  and  Rd- 

submaxillary,  260 

SctschcDOw  !>  centres,  690               1 

^^^^^^^H                           229 

sympathclic,  256 

Sex,  dilTercnce  of,  942              ^^m 

^^^^^^^H                          Scharling,  229 

thcor>-  of  secretion,  260 

Shadows,  lens,  812                    ^^| 

^^^^^^^r                         unduUitons,  167 

Salivary  corpuscles,  261 

colored,  832              ^^1 

^^^^F            Kestirorm  bodies,  705 

Salivary  glands,  252 

Shar[>ey's  fibres.  934               ^^M 

^^^^P             Rete  mirabilc,  91 

changes  in,  353 
development  of. 

Shon-atgbtcdncw,  S04      ^^^^H 

^^^H             Retina,  787 

Shunt,  598                        ^^^H 

^^^^^^^                 activity  in  vision,  818 

939 

Siologogues,  259              ^^^^^H 

^^^^H^^^                 blocl  vessels  of,  789 

extirpation     of. 

227                     ^^^H 

^^^^^^^1                 capilUrirs,  movemeiMs 

258 

Silver  hues,  136               J^^^^H 

^^^B 

n«r\'C8  of,  255 

Simple  colors,  824           ^^^^^^ 

^^^^^^^1                 chemistry  of,  790 

Salts,  421 

SimuliajQeoLis  contnil,  Sy>            1 

^^^^^^^H                 epithelium  of,  789 

Sanson- Purkinje't  images,  8ot 

Sinuses,  137                                ^J 

^^^^^^^m                 rods  and  cones  of,  7B8, 

Saponification,  301 

Sitting.  555                                ^M 

^^^^^1                      S19 

Sarcina  ventriculi,  333 

Size,  419,  430                          ^^M 

^^^^^^^H                            of,  S29 

Sarcc^Iia,  508 

estimation  of,  841            ^H 

^^^^^^^P                   structure  of. 

Sarcolaclic  acid,5l3 

increase  in.  4I9                  ^H 

^^^^^^^^                   visual  purple  of,  789 

Sarcolemma,  503 

false  edimatc  of,  843        ^^ 

^^^^V            Retinal  image,  formation  of,  798 

Sarcolytes,  509 

Skatol,  300.  337. 454                        1 

^^^^H                                               of,  798 

5>arcop1a.st9,  509 

Skin,  atwor))tinn  by,  49S          ^^J 

^^^H             Retiaosoopy,  817 

Sarcous  elcnient*,  504 

chorium  of.  4S7               ^H 

^^^H            Reversion,  948 

f>arkin,  450 

currents  of,  607                 ^^M 

^^^^1             Rheocord,  592 

Sarkosin,  433 

epidcnnis,4$7                  ^H 

^^^^H             Rheometer,  176 

Saviotii's  canals,  298 

functions  of  4S7             ^H 

^^^^H             Rhcophorcs,  625 

Scheiner's  experimcol,  S03 

galvanic     condunlnn    ^^M 

^^^^B            Kheoscopic  limb,  6c6 

Scliitf's  test,  449 

499                                ^1 

^^^H           Kiieusua,  593 

Schizomyceles,  90,  324 

glnnds  af,  492                 ^^M 

^^^^H             Rheotom,  610 

Schmidt's  researches,  74 

hi^toricftl,  499                 ^^1 

^^^^1             Rhinoscopy,  568 

Schreger's  lines.  268 

pigments,  495                  ^H 

^^^^H              Rhodophane,  790 

Schwann's  sheath,  578 

protective  covering,  493B^| 

^^^^B             Rhodopftin,  789 

Sclerotic,  7S5 

resptrjtorr  orj^an,  23S,2^^| 

^^H             Ribs, 

Scoliosis,  553 

structure  of.  487             ^^H 

^^H             Ricket*s,  553 

Scotoma,  822 

vaniLihtng  the,  493        ^^M 

^^^^1             Rigor  mortis,  515 

Screw-hinge  joint,  548 

Skin  currents.  Oil                    ^^H 

^^^^1             Ritlcr's  opening  tetanus,  61S 

Scrotum,  formation  of,  94 1 

Sleep,  735                                     ^M 

^^^H 

Scurvy,  58 

Small  inlcttine,  336                   ^^M 
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Small  intestine,  absorption by,344 
stniaure  of,  336 
Smegma,  494 
SmeU,  Knse  of,  871 
Sneezing.  227 
&ie]Ien*s  types,  805 
Sniffing,  872 
Snoring,  227 
Sodic  chloride,  421 

salts,  421 
Solitary  follicles,  339, 342 
Somatopleure,  920 
Somnambulism,  734 
Sorbin,  432 
Sound,  848 

cardiac,  109 

conduction  to  ear,  848, 

857 
direction  of,  869 
distance  of,  869 
perception  of,  869 
reflection  of,  848 
Somids,  cardiac,  112 

cracked  pot,  223 
res|»ratory,  223 
tympanitic,  223 
vesicular,  223 
^usm  centre,  730 
Spasmus  nictitans,  653 
Specific  enei^,  781,  823 
Spectacles,  806 
Spectra,  absorption,  62 
flame,  62 
ocular,  Si  4 
Spectroscope,  61 
Spectrum  macro- lacrimale,  812 
of  bile,  314 
of  blood,  62 
of  muscle,  509 
Speech,  569 

centre  for,  760 
patholc^cal  variations, 
573 
Spermatin,  898 
Spermatozoa,  898 
Spermatoblasts,  899 
Spheno-palatine  ganglion,  645 
Spherical  aberration,  807 
Sphincters,  552 
Sphincter  ani,  279 

pupilke,  786 
urethrae,  483 
Spbygmogram,  144 
Sphygmograph,  140 

Dudgeon's,  142 
Ludwig's,  142 
Marey's,  141 
Sphygmometer,  140 
Sphygmomanometer,  165 
Sphygmoscope,  144 
Sphygmotonomeier,  139 
Spina  bjBda,  776,  922 
Spinal  accessory  nerve,  664 
Spinal  cord,  676 

action  of  blood  and  poi- 
sons on,  696 


Spinal  cord,  blood  vessels  of,  682 
centres,  693 

conducting  paths  in,  683 
conduciing  system  of,683, 

696 
degeneration  of,  685 
development  of,  944 
excitability  of,  695 
Flechsig's  systems,  683 
functions  of,  683 
ganglion,  666 
Gerlach's  theory,  680 
nerves,  665 
neuroglia  of,  681 
nutritive  centres  in,  685 
reflexes,  686 
regeneration  of,  73 1 
secondary     degeneration 

of,  685 
segment  of,  685 
structure  of,  676 
time  of  development,  686 
transverse  section  of,  699 
unilateral  section  of,  699 
vasomotor  centres  in,  727 
Spinal  cord,  WoroschilofT's  ob< 

servations,  697 
Spinal  nerves,  665 

anterior  roots  of,  669 
posterior  roots  of,  669 
Spiral  joints,  549 
Spirillum,  90,  324 
Spirochzta,  90,  324 
Spirometer,  211 
Splanchnic  nerve,  282 
Splanchnopleure,  920 
Spleen,  192 

action  of  drugs  on,  197 
chemical      composition, 

194 
contraction  of,  195 
extirpation  of,  194 
functions  of,  [94 
influence  of  nerves  on, 

196 
oncograph,  195 
regeneration  of,  194 
structure,  192 
timiors  of,  197 
Spongin,  426 

Spontaneous  generation,  893 
Spores,  326 

Spring  kymc^raph,  164 
Spring  myograph,  529 
Springing.  555 

Sputum,    abnormal     coloration, 
248 
nornkal,  247 
Squint,  638 
Staircase,  535 
Stammering.  573 
Standing,  554 
Stannius's  experiment,  121 
Stapedius,  854 
Starch,  431 
Starvation,  408 


Stasis,  183 

Statical  theory  of  Goltz,  654 

Stationary  vibrations,  848 

Steapsin.  361 

Stenopeic  spectacles,  807 

Stenosis.  112 

Stenson's  experiment,  517 

Statx>bilin,  314,  329 

Stercorin,  329 

Stereoscope,  841 

Stereoscopic  vision,  839 

Sternutatories,  227 

Stethograph,  213 

Stigmata,  136 

Stilling,  canal  of,  791 

Stimuli,  519 

adequate,  781 
heterologous,  781 
homologous,  781 
muscular,  522 

Stoffwechsel,  4I 

Stomach,  284 

cancer  of,  331 
catarrh  of,  3^  I 
changes  in  glands,  288 
gases  in,  297 
glands  of.  285,  286 
movements  of,  275 
structure  of,  284 

Stomata,  182,  350 

Stomodseum,  918 

Storage  albumin,  403 

Strabismus,  771 

Strangury,  486 

Strassburg's  test,  462 
j  StriK  meduUares,  767 
I  Strobic  disks,  830 
I  Stroboscopic  disks,  830 
I  Stroma-fibrin  and  plasma-flbrin^ 

I      7^ 

'  Stromuhr,  176 

I  Struggle  for  existence,  947 

I  Struma,  728 

!  Strychnin,  action  of,  687 

I  Stuttering,  573 

I  Subarachnoid  space,  776 

j  fluid,  776 

Subdural  space,  776 
'  Subjective  sensations,  782 
I  Sublingual  gland,  258 
j  Submaxillary  ganglion,  647 
!  alropin  on,  257 

g'and,  253 
I  saliva,  260 

Substantia  gelalinofa,  67S 
'  Successive  beats,  868 

contrast,  832 
I  light- induction,  832 

Succinic  acid,  454 
'  Succus  entericus,  323 

action  of  drugs  on,  325 
I  Suction.  367 

Sudorifics,  495 

Sugars,  435 

estimation  of,  265 
I  tests  for,  264 
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^^^H               Sulphiadisotnle  of  soda,  47  a 

TecmentuiD,  768 
Tef;  stereoscope,  841 

Tobin's  tubes.  24$ 

^^^H               SummatioD  of  stimuli,  534,  687 

Tomes,  fibres  of,  16S 

^^^H               Summatkmal  tunes,  869 

Telolemma,  50S 

Tone  inductorium,  537 

^^^H               Sapeffecuodaiion.  912 

Temperature  of  animals.  366 

Tono,  S6t 

Toogoc,  glands  of,  250 

^^^^B                 Sujicrficial  lellexC),  691 

accommodation 

^^^^H                 SuperfoctatiaQ,  913 

for,  381 

movements  oi,  9Jl 

^^^^H               Superior  maxillary  nerve,  644 

arliBciai     increase 

nerves  of,  27* 

^^^^B               Supplcmenlal  air,  210 

of,  384 

teste  bulba  of,  875 

^^^H               Snpra-reiul  capsules,  200 

cstimnlton  of,  366 

Tonometer,  123 

^^^H               Surditai  verbalia.  763 

febrile,  ^83 

how        uinuenced. 

Tonsils,  351 

^^^H                 Sutarr,  secondary,  590 

Tonus,  694 

^^^^1                 Sulures,  549 

570 

Tooth,  268 

^^^H                 Swallowing  Oulds,  719 

lowering  of,  386 

adion  of  drags  on.  tjt 

^^H              Sweat,  494 

pott  mortem,  3S5 

chemistry  of,  269 

^^^^L^^                  chemical  compostcion, 

regubtioo  of,  376 

devcloi'ment  ol^  370 

^^^^K                     494 

topography  of,  369 

eraptton  of,  270,  tjl 

^^^^^^H                 conditions  influencing  se- 

variations  of,  373 

permanem,  271 

^^^^^^^1 

Tempentare  sense,  8S7 

pulp  of,  368                m^ 

^^^^^^^1                  excnriioti           substances 

illusions    of. 

structure  of.  26S         ^H 

^^^^H 

889 

temporary,  270            ^^ 

^^^^^^^H                  glands,  492 

Tmdon,  506 

Topography,  ceretral,  756,  764    ' 

^^^^^^^1                                     494 

nerves  of,  $11,881 

Toricelli'i  theorem,  I3J         ^i 

^^^^^^H                   ncrven,  496 

reflexes,  692 

Torpedo,  629                         J^H 

^^^^^^f                   pAthological  variations  of. 

Tensor  choroi<len:.  Sot 

Torticollis,  664                     ^^H 

^^^^^                        497 

tympani.  853 
Termtna   arteries,  tSl 

Touch  corpuscles*  StS  ^^^^^| 
Touch,  sense  of;  87S    ^^^H 

^^^H              Sweat  centre,  496, 497,  731 

^^^^1                                                730 

Testicle,  de!»ceni  of,  94I 

Trachea,  JOJ                  ^^^^ 

^^^H                Swimming.  559 

Testis,  896 

Transfusioo,  1S9 

^^^^^^^       Sympathetic  ganglion,  671 

Tetanomotor,  584 

of  blooil.  1S9 

^^^^^^B                                     670 

Tetanus,  534,  536,  586 

of  nthcT  thiiiU,  191 

^^^^^^f                             leciion  of,  673, 

secondary.  609 

Transitional  epithelium,  4S0 

^^^^^^^                           stimulotioQ  of,  673, 

Teaonerythria,  79 

Transplantation  of  tisHies,  419 

^^^B 

Theobromin,  400 

Transudations,  360 

^^H              Sjmphyirs,  549 

Thermal  centre,  376 

Trapezius,  spasm  of^  664 

^^^H              Synchondroses,  549 

nerves,  376  . 

Traube-Henog  curves,  16S 

^^^^1               Syncope.  io3 

Thermo-electric  methods,  367 

^^^H                Syner^ctic  muscles,  552 

needles,  368 

r»crves,  589                          ^H 

^^^^H                SjQovta,  548 

Thermogencfis,  364 

Trehalose,  43  >                ^^^H 

^^^^1                 Syntonio,  292,  425 

Thermometer,  366 

Tnchina.  S95                  ^^^H 

^^^^                Systole,  cardiac ,  9S 

clinical,  366 

Trii^emtnos,  640            ^^^^^| 

maximal     and 

ganglia  of,  SHi^Sr 

minimal,  366 

646.647 

Tabes.  697 

metastatic,  368 

Tachcs  ccrcl'role?.  728 

outflow,  367 

branch,  64  j 

Tactile  areas,  764 

Thermometry,  366 

neuralgia  c^  649 

corpuscles,  S80 

Thirst.  403 

sensations,  S81 

Thiry's  fistula,  332 

641 

sensations,  conduction  of. 

Thomsen's  disease,  533 

pan  lysis  of.  649 

696 

Thoracometer,  3  20 

palhulogical,  648 

Ttcnia,  895 

Thrombosis,  74 

section  of,  643,  t^i 

Tail-fold.  921 

Thymus,  197 

suiierior    maxillafy 
branch.  644 

Talipes  calcaneus,  553 

development  of,  93a 

equinus.  553 

Thyroid,  198 

trophic  functaotti  (d. 

v«r«s,  553 

development  of,  933 

643                 ^ 

Tamliour,  Marey'*,  142 

Tidal  air,  210 

Triple  phosphttle.  457          ^H 

Tapelum,  817 

wave,  145 

Trismus,  648                         ^H 

Tapping  experiment,  718 

Timbre,  569,  571.  861 

TrochleJris,  639                     ^^m 

Tostc,  centre  for,  754 

Time  in  psychical  proceaaeft,  735 

Trommer's  tett,  264             ^^M 

orjjan  of.  874 

Time  sense,  S63 

Tropccolin,  288               ^^^M 

testing,  S76 

Tinnitus,  6S5 

Trophic  centres,  589    ^^^^| 

Taste  bulbs.  S75 

Tissue  formers,  403 

fibres,  589         ^^^^^ 

Taurin,  433 

metabolism  of. 

nerves,  5S9.  fi^      ^H 

Taurocholic  acid,  433 

405 

Trophoneun>»c*,  63a      ^^^^H 

Tea,  40a 

regeneration  of, 

I'rotting,  558                  ^^H 

cffedB  of,  364 

406 

Trypsin.  300                 ^^^H 

Tears,  844 

TizJtoal's  reaction,  309 

I'rypstttogcn,  300          ^^^H 
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Tryptone,  299 
Tube  casts.  466 
Tubes,  capillary,  134 

division  of,  134 

elastic,  134 

movements  of  fluids  in, 

134 
rigid,  134 
Tumultus  sermonis,  761 
Tunicin,  433 
Toracin,  429 
Tiirck's  method,  69X 
Twins,  912 
Twitch,  528 
Tympanic  membrane,  849 

aniBcial,  851 
Tyrosin,  300,  433.  465 


Ulcer  of  foot,  perforating,  632 
Umbilical  aitenes,  924 
cord,  927 
veins,  924 
vesicle,  921 
Unipolar  induction,  600 

stimulation,  587 
Upper  tones,  863 
Urachus,  924 
Uraemia,  479 
Urates,  448 
Urea,  443 

antecedents  of,  445 
compounds  of,  445 
decomposition  of,  444 
effect  of  exercise  on,  444 
ferment,  457 
formation    of,    445,  473, 

474 
nitrate  of,  445 
occurrence  of,  445 
oxalate  of,  446 
pathological,  445 
phosphate  of,  446 
preparation  of,  445 
propaties  of,  443 
qualitative  estimation   of, 

446 
quantitative  estimation  of, 

446 
quantity  of,  444 
relation    of,    to   muscular 
work,  444 
Ureameter,  446 
Ureter,  ligature  of,  474 
pressure  in,  471 
structure  and   fanctions 
of,  480 
Uric  acid,  447 
diathesis,  480 
formation  of,  474 
occurrence,  448 
properties  of,  447 
qualitative  estimation,  449 
quantitative    estimation   of, 

449 
acid,  quantity,  447 


Uric  acid,  solubility,  448 

tests  for,  449 
Urinary  bladder,  481 
calculi,  468 
closure  of,  483 
deposits,  465 
development  of,  925 
organs,  434 
pressure  in,  485 
Urine,  440 

accumulation  of,  483 

aceton  in,  464 

acid  fermentation,  456 

acidity,  443 

albumin  in,  457 

alkaline        fermentation, 

457 
alkaloids,  480 
amount  of  solids,  441 
bile  in,  462 
blood  in,  460 
calculi,  46S 
changes   of    in   bladder, 

485 
characters  of,  440 
color,  441 

coloring  matters  of,  452 
consistence,  442 
cystin  in,  465 
deposits  in,  465 
dextrin  in,  464 
effect  of  blood  pressure 

on,  470 
egg  albumin  in,  459 
electrical     condition    of, 

629 
excretion  of  pigments  by, 

473 
fermentations  of,  456 
ferments  in,  454 
fluorescence,  442 
fungi  in,  466 
gases  in,  456 
globulin  in,  459 
hemi-albumose,  459 
incontinence  of,  486 
influence   of  nerves  on, 

476 
inorganic      constituents, 

454 
inosit  in,  464 
leucin  in,  465 
milk-sugar  in,  464 
movement  of,  481 
mucin  in,  442,  460 
mucus  in,  44a,  460 
organisms  in,  465 
passage     of     substances 

into,  475 
peptone  in,  459 
phosphoric  acid  in,  455 
phy.-ical     characters     of, 

440 
pigments  of,  452 
propeptone  in,  459. 
quantity,  440 


Urine,  reaction,  442 

retention  of.  486 
secretion  of,  469 
silicic  acid  in,  456 
sodic  chloride  in,  454 
solids  of,  441 
specific  gravity,  440 
spontaneous  changes  in, 

456 
sugar  in,  462 
sulphuric  acid  in,  455 
taste  of,  442 

taste  for  albumin  in,  458 
tube  casts  in,  466 
tyrosin  in,  465 

Urinometer,  440 

Urobilin,  67,  452 

Urochrome,  452 

Uroerythrin,  452 

Uro'genital  sinus,  942 

Uromelanin,  452 

Urorubin,  452 

Urostealith,  468 

Uterine  milk,  927 

Uterus,  905 

development  of,  940 
involution  of,  947 
nerves  of,  946 

Utricle,  858 

Uvea,  785 


Vagotonoy,  716 
Vagus,  656 

cardiac  branches,  660 

depressor  nerve  of,  167, 
660 

effect  of  section,  661 

on  heart,  169 

patholc^ical,  663 

pneumonia  after  section, 
661 

reflex  effects  of,  662 

stimulation  of,  169.  719 

unequal    excitability    of, 
663 
Valleix's  points  douloureux,  S90 
Valsalva's  experiment,  129,154 
Valve,  ileo-colic,  277 

pyloric,  275 
Valves  of  heart,  95 

disease  of,  III 

injury  to,  lOl 

of  veins,  136 

sounds  of,  1 85 
Valvulae  conniventes,  336 
Varicose  fibres,  575 
Varix,  172 

Varnishing  the  skin,  387 
Vas  deferens,  897 
Vasa  vasorum,  137 
Vascular    system-,   development 

of,  934 
Vaso  dilator  centre,  729 
nerves,  729 
Vaso- formative  cells,  52 


VBSomotor  centre^  4'*3 

deslniction  af,  723 
nerves »  721 
spina),  737 

Vasamotur     nerves^   course   of, 

?n 

Vater's  corpusclet.  S79 
Vegetable  alhumin,  425 
Casein,  425 
foods,  397 
preserved,  399 
proieids,  435 
Veins,  136 

cardinal,  936 
development  of,  936 
movement  of  blood    in, 

murmurs  in,  185 
pressure  in,  171 
pulse  in,  185 
slTUClurc  of,  137 
tonus  of,  723 
valves  in,  I  37,  1 85 
vaWular  sounds  in,  1S5 
varicose,  173 
velficiiy  o(  blood  in,  tSj 
Vellfl's  fisiuln,  331 
Vclocily  of  blood  stream,  I32 
Venous  blood,  86 
Vcnlilation,  245 
Ventricles,  94,  loS 

a^pimtbil^  99 
brain,  776 

capacity  of,  t6i,  i^g 
iibres  of,  94 
Impulse  of,  104 
negative  pressure  in, 

100 
sysiolc  of,  100,  108 
Veratrin,  532 

VerniK  ca&eosa,  49+  1 

Vertrbrx'.  mobility  of,  554 
Vertebial  column,  922  I 

Vertigo.  655  I 

Vestibular  mcs,  S59 
Vibraiions  of  Lindy,  15S  I 

Vibralives,  572 
Vibrio,  90 
Villus,  inte&llniil,  337 

abiorpooM  hy^  346 
choriunic,  915 


Villus,  contraclilit;  of,  3391 

plscental,  926 
Violet-bUnduess,  S2S 
Viscef*t  arcbes,  923 
clefi*,  923 
Vision,  binocular,  S37 

stereoscopic,  S39 
Viiual  &ngle,  79S 

apparatus,  7 S3 

centre,  752,  763 

piirple,  7S9,  Saj 
Vital  capaciry,  zia 
Vjtellln,  424 
Vitelline  <luCt,  921 
Vitieous  bnmor,  79 1 
Vocal  cords,  559 

conditions  influencing  the^ 
56S 
Vic»Ce»  509 

falsclto,  56S 

in  animals,  574 

pathological  vuistioiu.  of, 

573 
pbysics  of,  56a 
pitch  of,  560 
productiori  of,  569 
range  of,  569 
V'olunic  pulse,  18S 
Vgliimetric  methwi,  447 
Vomiting,  ij6 

ctBire  for,  276,  7x1 
Vovrels,  570 

analysis  of,  570,  S64 
artificial,  S64' 
fofinaiion  of,  570 
Kcenig's  apparatus  lor, 
86? 

Wagner's  corpusclea,  SyS 

Waking,  735 

Walking,  555 

Wallerian  law   of  degen'^ation, 

Wandering  ctlb,  349 

Warm-blooiJed  amraals,  365 

Washed  blood  clor,  74  I 

Water,  3SS,  421  , 

aHothei]  by  skin,  49S  I 

alisqrpljon  of,  344  ' 

eibaled    Liy    skin,    23S, 

492  I 


] 


Water,  exhaled  from  langis.  xjt 
hardness  of,  389 
iiBpuritie^,  ji^ 
in  urine,  440 
vapor  of,  in  air,  J31 

Wave  pulse^  t45 

propngiiiisn  of,  154 

Wave  maiLcfO,  134 

Wave  movenuents^  848 

Waves,  in  elastic  tubes,  156 

Weber's  paradox,  543 
levr,  782 

Welgert's  melhod,  579 

Wei£hl,4J9 

Wcyl's  Sea,  449 

WliJirtoEi'5  jelly.  9^7 

WhispeTiog,  570 

Wbite  of  c^g,  423; 

Wine,  401 

Wolffian  bodies,  940 
■ducts,  940 

Word  biindness,  761 

Word  deaJheM.  754,  76I 

Work,  539 

unit  ^r,  36 


Xantbin,  45a 
Xanihoky^iQopy,  828 
Xantbophnne,  990 
Xanthoproteic  reaction,  4JJ 
Xcrosu,  644 

Yawning,  327 

Yeast,  42S  , 

Ydk»  904 

cleavage  of,  914 

sac,  921 
^■ellow  sput,  S14 
^'oungHeliuholu  theory,  826 

2ero  temperatuTe,  SSS 
Ztmrticmmnn,  blooc!  paniclcj' oi^ 

5S 
Zinn,  7Anu1e  of,  790 
Zoetrope,  830 
Zollocr^^  Ileic^,  S43 
Zona  pellucida,  901 
/jiogbijfi,  325 
Zymogen,  31x5 
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ANASTHRTICS. 
BuitDll.     /\ nK^lhet(c&.    -         tl»i 
Saniom.    Lhtorotorm.    •  1.7; 

Turnbull.     jii  ¥A.  •         3.10 

ANATOMY. 

BklloU.      Veipriiijry  Aiul,         I,<» 

He«th.    Practiul.     ;(h  Ed,      j.oo 

Hotden.   Duteciur.  Oil-cloOi,  4  ya 

'     (>»tcolog)f-    -        -  600 

-  T^itilmarkft.  4th  Cd.  I<i5 
Uacalliicr's  I  »t-Boalt. 

Bi£  ntii*.  Clo.  ;.y>;  Sh.  8.jO 

Potter,      Cotnpend  of.       4th 

MA.     117  lllu«tr*Uonc.  •  1,00 

Sutton,     Llgamenu.        -         i.>5 

AIT-ASES  AND  DIAGRAMS. 
Bentley  ft  Trlmeat.  -  90.00 
Flower.     ( »f  Ncrvt*.       -  3,50 

HcBth.  (>i>eiiiii«r  Stirgtry.  i».ui 
Marshall'*    Ptijrft.  itnd  An«t 

\}\*f^rMt\% .  ^n.ftj  and    6>>,ck> 

SavaiEc.     Pelvic  Orgaoi.        i*.oo 

BRAIN  AND  INSANITY. 
Bucknill  and  Tuk«.    Piycho- 

logic;kl  ,Me<Jiciiie.    •        •  B  oo 

Qowcm.       Diancii'rtU   of   l>i*- 

ea«CK  of  the  Kmin.  New  Ed.  a.oo 
Lewit,  iBcvani.     Mental 

[  f Ikfi.i.c'..        ...  A  00 

Mann'a  I'^ycholog'cal  M«d.     5.00 
Wood.    Br«tn  aBdOirerwork.     .so 
CHKMISTRY. 

Allen.     Commcfciid    Ufganlc 
AnatytU    >d  Ed.  Volume  I.  4.50 
I  ■     Volume  II.  -        -  i.ao 

Vot.im«lll.     Pad  I.    4}o 

Banley.    Mc^lical.  a.jo 

Bloxam'a  Trxi-Iluuk.  7i]iEd.  4.y> 
Bowinan'R  I'ncttcul.  -  a.oo 
Grovea  and  Thorp      Cheml- 

c;tl  I'e.  )iiioli>h:y  Vul  I.FUCU7.50 
HoUand'a  Untie,  PuUoiit  lUid 

Milk  ....        i.ou 

Leffmann's  New  Conipcnd,  t.oo 
Mliter.     Pr.ict.  Riid  Ana).  i.oo 

Rlchter'a  loorsaolc.    3d  Ed.    «.oo 

Orianic.        -        -         3,t» 

Smith.  KTi-ctdi.Chem.  Anal.— ^ 
Stammer,     pp.iblem*.     -  .75 

Sutton.  Viilixnciric  AnaL  i.oo 
SynondB,     M.inujil  of.  s.<m> 

Tidy.  .Modern  Uliem  »d  Ed.  5  jq 
Trimble.     Anatyiical.      -  1.50 

Valentin.  <^iuh  AnaL  7th  Ed,  yco 
Wattt.    (t'uwMC'ftl  InotE.         a. 35 

(Fown«"»>  Oqpn.  aaj 

Wolff.     A(fpl>e<d  McdiciL  I.oo 

Woody.     Lt^eiiiial*  of, 

CHILDKKN. 
Chavaaae.    Mental  Cidture  of.  1.00 
Day.      ^»l*<:.l*e^  of.    ■  •  J.oo 

Dlllnberger.  Wumco  and.  t.y> 
Good  hart  and  Start-  3.00;  Sh.  j.jo 
Hale.    Or*  ot  -  .75 

Hatneld.    0"n(«ud  of.  uw 

Htllier,  I)i«rii»e»  of.  •  i,»5 
Meiga.      Infrnit   Feeding    and 

Milk  An«ly>U.  ■  ■■•>(> 

Meieaand  Pepper'iTreatlie.s.oo 
Money.      I'mumrnt  of.    •  3  00 

Oaler.  C>rciif.<i  l'..Uie«  of.  a.00 
Smith.      Wj.l.n.-   lli%raMi  of,  3.00 

CI  -  ■■so 

Starr,  Uv  ■■•  of.  a.50 
Hy^i^i  -  --   :i:-\iir»ery.  1,00 
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CUNICALCHARrs 

Davla.    Ob>tcin<ral.     Padt,  |  .y> 

Qriffitha.    Graiihtc.         "  .50 

Temperature  Charta.    "  .so 

CUMfhNilS 

Ballou.  VcUrtn«ry  Anm,  1.00 
Brubaker'a  Phv*iol.  ^ih  Ed.  1  w 
Vox  and  Gould.  Ine  Eye.  i.oo 
Hatfield.     Lt.'Idren.  1.00 

Korwiti.  Surifciy.  3d  £d.  1.00 
Hughe*.  Practice.  aPu.  Ea.i.oo 
Landta.  ( ll-«iettici.  4ih  F.d.  i.uo 
Lelfmaon't  Chctntittry.  3d  Ld.  t  .00 
Maaon,     F.leclriciiy,  i.ou 

Morrla.  Oynccolt^y.  -  1 ,00 
Potter'a  Anatomy.  4th  EtI.  i.oo 
-^^-— Mjteria  Medic*.  }ihEd.i.oc 
Roberta.  Mai_  McJ.and  Phar.  s.oaj 
Stewart,  I'l>Armdi.y.  id  f/d,  t  ui 
W  arren.     DeiuKuy.  1 .00 

DF,KOKMIlTES. 
Churchill.     Kicc  *bJ  Foot. 
Colea.    Of  Mwnh, 
Prince.    Oiihopvdics.    • 
Recvea. 
Roberta,    Clubfoot. 

DENTISTRY. 
Barrett.     Dents)  ^urs.  -  1.93 

Blodseit.  Priiliil  Pallinlngy.  1.7$ 
Flagtt.     I'bttiic  Filliiii;,  -  4  uo 

PiUeorowa.  0\i  L>ci)i.  Illiu.  i.jn 
Oorgaa.  l^enul  Medicine.  3.50 
Harria.     Princiiile*  And  Pn»C-  j-oo 

DiciiOoarv  of.        -  6,50 

Heath.  DIl  of  J«w<.  •  4.50 
■^-^^  Lcciiirv^  f>n  Jaw»  Bdft.  i.oo 
Leber    and    Rottenatiio. 

Cari"?*.       Paprr  75;  Ciloih  ■.?§ 

Richardson.     Mci-h.  Denl,  4.30 

Sewell.     l.>«MUl  >ora       •  

SlockBD.     Mjieriu  Mvilica,  i.y> 

Taft,     (^crul)vc   rienlintr^.  4.1] 

,  Indet  of  I-'ciital  Lit.  a. 00 

Talbot.   IrTCifiOjriiy  of  Teeth,  3.00 

Tomea.      Uenial  Surgcr)'.  3.00 

— - — ■    Iiental  A«aioi«y.  4,ot» 

Warreo'a  Lomtietid  oc.  i.c«» 

White.    Mouili  «n<I  Tetnb.  .50 

DtCTlONARIES. 
Cleveland'a  Potket  .Me<tical.     .75 
Gould'*  New  Medl      W  Lea.. 

i  tc,.  U  M  r»iiiinb  imlcn  4*5 
Kama'  fti-nial  Cio  6  s^ ;  Shp.  j.  jo 
Longley'i  Pronouncittfi  -  1,00 

Maxwell.    rerltimuloi[ia  Med- 
ici Polyi;ltiti». 
Trevea.     Ijernian  F.nglith. 

DIKKt.roRV. 
Medical,  of  Philadelphia. 

feAK. 
Burnett.     Heart  nit.  etc. 
jpnea.     Aural  ^iiriccry.    - 
Pritchard.     DincAiei  oC 

ELECTRICITY. 
AUhaua'  'lem  I)<><ik. 
Haaoa'a  Comoend. 
KVE. 
Arlt.     IK«<«»e»  of.  -        - 
Pox  and  Oould     Compead,  1.00 
Cower'a  UpbttiDlmiMOopy.      ^— 
Harlan.     EvpighL  50 

Hartndge,  KefmctioH  y4K4.9Ma 
Higgina.     I'mcilcul  Manual.    1.71 

H.-in'^tuMV,  .^ 

Ll«br*lch.   AiUsofOpbth.  13,00 
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Macnamara.     OtaeMMaC    J^ 
Meyer  afiil    PerigDa.      Cas* 


OphthBtmK  Kevjew. 

M<H.tl.1)' 
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Collie.  •  I 
Welch. 

!■■ 
Day.     1 

Bulkley 

Burnett 

Cohea. 

Dullca. 

Harlan. 
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Htsnc 


i^cnuica. 


KfaL« 


Lui 

KycsIgliL. 
HartahorDe.  Khu  Him  a.  ^ 
Hufelaod.  LxiBg  Lifa.  .  tm 
L'IOCoId.  HygteiM.  -  ^ 
Oagood,  1  >;vi^en  of  WanB.  ^ 
Packard.     Sea  Atr,  etc  9 

Richardaon'a  Limg  Ub.  9 
Tanoer.     «>»  Poiaowa      •  4 

White.  M-^ih  m^a  Tai*.  ^ 
Wllaon.  SiinBKrajalltiDk.9 
Wtlaon'a  Onmettlc  Itygii^  tm 
Wood      ni*li*  v-    <-  m 

HI 
Pothtfglll.    i<  ^ 

HisroLixnr. 

HYOIKNK 
Prankland.     Wam  Aaalrete  %m 
Foa.     W.n  r       "-  M.         tm 

Lincoln  >.••««         « 

Parke'»  ^ifefiA  «# 

Btatr.  lirKicneotihcNiirwy.K.* 
Wtlaon'a  IfamlbcMkh  W   •         tp 

—  —  I>u««>«>ti<.      -        -         \.» 

JiJLKNALS,  tiT. 
Archlvea  of  Surgery.  •  No*  ]■» 
11.  of  Laryngology     u    "     «' 

jl.  of  Deimaiology  "  "  i* 
Ophthalmic  ^'t,^*  ••  ■  j» 
New  ^^ 

Kl 
Be- 

1 
Gtcenrmw        .Tf''i»'"i  »  i^       i* 
Ralfe.      L>i>    ul   Kidney,  oc.     l« 
Tyaon.      Itr4[hr*    iHnaaM 
iti'-i  OUheick    nw  ^^ 

UvtR. 
HaberaboD.     Diniiai  at.       tm 
Barley.     Ducuca  ot     -        ^ 
ILtNGS  ANOCHDT- 

Hare.  Mr^i.aXMal  H>imm  •m 
Harria.  l>niVrL.>eM  •  a» 
Wtlhama.    il-oiauaaaec.       •* 

MATERIA  Mt         •  I 

Blddlc.    titbfUl     ( 

Jihcep,      - 
Oorgaa.     Oca*aL    jd  fiL      >*- 
MarrcU'a  Digaac.  •        %m 
Poncr'a  CMBpMatf  •!  fA  U.  f 
Hawltoeh.   td.     Sa<^ 

Ed.    Cl«.  4.«o;  Sbera,    -       ft* 
Rolwtu*  Coaipnd  ^  •» 
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MEDICAL  TURlSPRUDENcb. 
Reea«.   Meiftckl  Jurupruitciicc 

ec'l'asicoloey.irl  ICt]  3.oe,hh>j-5« 
Woodman  aod  Tidy'i  Trcnt- 

U«,  LncludiUK  Tosiuiloor.        7.50 

MICROSCOPF 
Bcale.     H<:>w  to  Work  with.     7.50 
'  In  .Mc(]i<:inc.         -  7.50 

CBrpcnter,     The  Micn»cop«. 

Lee  Vj(t«  Mcciim  rA.  %-\  £d.  \xa 
MacDonald.     t>guniiulioii  of 

Watci  by.        -  •  1.75 

Wythe.    The  MkroftCDp'tit.     3.00 

MISCELLANEOt'S. 
Burdett      Ho>piulii.         •        v^j 
B«ale.    Life  Theutiet,  elc.        3.00 
- —  Slight  Ailncnti.  i.»5 

Hiuplum,      -        -         ».■$ 

Life  KOtl  Viul  Actioa.  3.00 

Black      Micro-urKuniiinii.  \.ya 

CrooicMhank.  V^ccinaliun.  8.$o 
Davi*.  I  cxt-book  u4  Bioiogy.  400 
Duckworth      On  (jout.  •  7.00 

£d  wards.      Vaccinal!  on.  .)o 

Oarrod.  Rlicum-itisni,  etc.  6.00 
Groat.  Lire  of  John  Hunter.  1.35 
Haddon.  EmWyology.  -  6.0a 
Henry.    Aoacaia.   -  .75 

Hotdeo.  'iheSphycniocraph.«.c]o 
Keating.  iJfelnMinnce.  AV/,  a.oo 
MacMunn.  'lhcSpccin>»copc  3.00 
Kftddeo.  He-'llh  ResorU.  950 
Smyth*.     Mcd'l  Hcrvies.        i.ij 

MASSAGF. 

Murrell.     Muuge.  jlh  Ed.  t.50 

Oatrom.     Ma»».-ittc.     Illut.  .75 

NKRVOUS  DISEASES,  Etc. 

Flower.   AUa»  of  Nerve*.  3.yj 

Bo%wlby.  Injiirirvof.  •  4-5^ 
Ooweri.    Manual  of.     t  voL 

341  ll)^*irKiioiv». 

Di*.  of  Spinal  Cord.  

I      lJueB»e>  of  Bniin.  a. 00 

■  SyphltU  and  the  Ner- 

»om  System.         •        •         

Obcratciaer,  C«»Ual  Nervou* 

Sy*teni.  -  -  -  -  ^^ 
Osier.     L>rrWtBl  PaUie*.  »jw 

Page.      Injiirie*  of  Spine-  

RadcltBe.  Epilepay,  Pain, etc. i.vs 
Thoibura.      Surgery    of    lb« 

Spinal  Cord    ...  4.50 

Watson.    ConcuiMiom.  1.00 

NUKStNU. 
Culltogworth.    Manual  of.      1.0a 

.     Monitily    Nur»inc.  .50 

Domvttle'i  .Manual.  6in  Ed.  .ys 
Pullertoo.  OUi.  Nnr^ing.  i.as 
Hunaphrcy.     Manual  of  1.3$ 

Lucke*    Kotpiial  Snien.  ion 

Parvin.  OtMUmc  Nurainf.  .73 
Starr.  Hygiene ol  ihrNnmcry.  i.oo 
Temperature  Charts.    -  .$0 

oaSTElKlLTi. 
Bar.     Anii»ciit'<:  fJl»tiet.  1,75 

Barnca  i,ib*t«tric  i>pcraiioi«.  3.7s 
Cazeaux  and  Tarnier.    Siu- 

ilenu'  Ed  (Joloied  i'btca.  5.00 
Davta.    Ult^ieircal  Chan.  .so 

Oalabin'a  Manual  of.  3.01 

Ollaao'a  rcxt-book.  ad  Ed.  4.00 
Landta.  Cucnpend  4  h  £d.  1.00 
Meadows.     .Manual  a.ae 

Rigby.    OUicinc  Mem.  .99 

Strahan.  E«tri.Ut«MnePreg.i.so 
Tyler  Smith's  lTe.-iu»c.  i-cn 

Swayne's '\p>trmim«9(U  Ed.  i.aj 
^Vlockel'a  Tcti-b,Mk.  fi.-w 

PATMDLOOV  &  HISTOLOGY, 
Blodgett.  l»e>iul  PathoIoKY  1,7) 
Bowlby.    Sur^i<:al  Path.  i.oo 

Olbbei.     PrjciKal.  -  1,7s 

Gilliam.     E*iieiu>al>  of.  >  a.oo 

Stirling's  Pnictical.  .  4.CW 

Vlrchow.  PiMt-morienis.  i.oo 
— .^^  CelluUr  Palholofcy.  400 
Wynter  A  Withered.  Path.  4.00 
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PHARMACY. 
Baaaley'i  UniggiMa*  Kec'ta.  ^1.35 

—  ■  Konnulary.  a. 35 
Pliicklger.  Cinchnna  Barlta,  ■  30 
Kirby.  Phartn.  of  Rciocdics.  3.25 
Mackenii*.  Phar.  of  lliroai.  ■  15 
Merreira  IJigent.  4.00 
Proctor.     Pnicttail  Phann.      4  y> 

Robinaon.  IjninOrammaroC, 

Stewart's  CumpcnO.  id  Ed.  i.oo 
Tuaoa.     Vcteniury  Phana.      9.50 

PHViilOLOGY. 
Beale's  f)ii>pUHm.  -         a. 15 

Brubaker'a  (Joinpcnd.    Illua- 

tntiecl      41b  l-JJ.      •        -  I.oo 

Klrkea'   nth    Ed.     [Author'* 

k.d.1  Cluth,4.oo:  Stteep.  s.oD 
Landola'  Toi-kNiolt.  583  lllua- 

ini>ilor«.     3d  Ed.  •       6  50 

Sanderson's  LahomioryS'k.  500 
SterltDg.  Practical  Phys.  ajs 
Tyaon'aCell  [>octrinc.  -  a.uo 
Yeo's  Manual.  311  llluiuaiiona 

3d  Ed.    Cloth,  3.cjn.  Sheep,  3.50 
POlbONS. 
Altken.    The  Pumiaincs, etc    t.a) 
Black.     Formation  of.      •  1  co 

Reese.  Toxicolosy.  sd  ^A,  j.go 
Tanner.     Memoranda  ot  .75 

PRACTICE. 
Beale.  Slit-lii  Allmenu.  l-aj 
Pagge's  Practice.  3  Vols.  8.00 
Pen  wick's  OuiUnes  of.  •  i.aj 
Fowler'a  Ltictanary  of. 
Htigbea.  Compcnd  of.  a  Pta.  a.oo 
—  Phvilciank'  Ediiion. 

I  Vol.  Morocco,  Gill  edge.  1  50 
Roberta.  Trxi-book  7ih  Ed.  5  ju 
Tanner's  Index  of  Dueaaca.  3.00 
Taylor's  Manual  nf.    -  4  oo 

Warner's  Cue  Taking.  1.75 

PRESCRIPTION  BOOKS. 
Beaatsy's  joaoPrcsGriptiona.  a.js 

Receipt  Book.        -         ■a.%% 

Formulary.  -         a  aj 

Perelra'a  Pocket-book.  t.oo 

Wvthe'a  Dote  and  Symptom 

Book.     17th  Ed.     •  1.00 

SKIN  AND  HAIR. 
Anderson's  Text-Book.  4.90 

Bulkley.    I'hcSkin.         •  .50 

Crocker.  Di*.  of  Skin.  Ulin.  S-So 
Van  Harltogen.      Diagnonia 

uad  Ttvsunem  of  Skin  Lria. 

Col.  PUies  &  Engravings.  >.50 
STIMULANTS  ft  NARCOTICS, 
Llzara.    On  Tobacco.      .  .90 

Milter,     On  Alcoltol  .50 

Parriah.  loehrieiy.  •  i.as 
SCRGERV    ANU  SURGICAL 

LI"  EASES. 
Caird  and  Cathcart.    SurgU 

chI  H^rKlbook.  LeaUi«f.  3,50 


Dulles,     Emergencies. 
Gamgee.     Wouml*. 
Heath's  Operative. 
— ^^—  .Minor,    5th  Ed. 
[>iaea««f  of  .' 


■75 
350 
ta.oo 
3.00 
laws.  4.50 

Lecture*  on  Jaws.  too 

Horwita.  CampoNl.  3d  Ed.  i.oo 
tacobson.  UperaUon&  of.  -  5J10 
Porter's    Siirgeon'*    Pocket' 

bu'ik.  -    Leather.  *.%% 

Roberta.    {A.  S  )  CVib-FooL     .50 

(A.  8,1    Itrw  Legs.  50 

Smith.    AbJoFninst  Sun;.        7,00 

8wain.     Surg    Emergenciea.      l.so 

Walaham.      PrartJcal  Surg.     300 

Wataon's  Ainput^tiun*.  s  SO 

TECHNOUKJICAL  BOOKS. 

V  •l/i'  CktmiUry. 

Cameron.    OiU  ft  Varnifthea.  3.^ 

—^^    iM>*p  »ad  Candka.         3.35 

Gardner.     Brewing,  etc.  1.7s 

Gardner,     Acetic  Acid,  etc      t.75 

'■     Bleaching  &  Dyeing.    1.75 


i.e$ 

SO 

a.oo 
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1.35 

t.ss 

3.00 
I. as 

1. 50 


Groves  and  Thorp.    Cheml. 

cal    le^ihiutLigy.        Vi,|       I, 
MilUon  Fuek.  CI.  7.50;  HM.9.00 
Overman,     MlncralO|(y.         |i  ou 
Piggott.     On  Cupper.      .  i^o 

THKKAPEUriCS. 
Biddle.  itili  t^I.  CI.  4.i5:Sh.  ^oa 
Cohen.     Inhalaiiuu*.         .  i.ij 

Field.  C.ithirlKtandEmetlca.  t,75 
Headland,    Auionof Med.      3.1 
Ktrby.     Selected  Remedies. 
Maya.     Therap.  Forca. 

■    ■    Thcinc 
Ott.     Action  of  Medicines. 

Potter's  Compend       5th  Ed.      

,  Haiidl'Mok  of.   4  oc .  Sh.  <,oo 

Starr.  Walker  and  Powell. 

Phyt.  A..llon  ul  Metlit.-inrs.        ,«« 
Warlng'a  Practical     4th  Ed.  1.00 

THKOAT  AND  NOSE. 
Cohen.     I'hroat  and  Voice.        .9a 

Inhalatioot.  .  1.35 

Oreenhow.     Hrnnchitis. 

iamea.     Sore  Throat 
□urnal  of  Laryngology, 
ilackenalc.    I  hr  l£>vplMi| 
Naso-Pharyiii,  etc 
- — - —     PliarnioctitKeia.    . 
Murrell.     Hrotich>ii«. 
Potter.     Stammering,  eic, 
Woakes,   Pa«tNus.i)l  Catarrh,  i.jo 

—  Naul  Pulypui,  ;ic.  i.bj 

r*e:>fne«i,(iiili)lon*,«tc  -^ 

TKAN^ACIKiNS   AND 

kkpdkis 

Penna.  Hospital  Reports.  t.u% 

Power  .ind  Holme*'  Kcports.  i.*s 

Trans.  College  ti  Phvsiciana.  y^ 

Ainer.  i>iirf .  Aum>c,  3  bo 

Assoc.  Amer.  Phys.  1.50 

URiNEifc  URINAHVokGANS. 

Acton.     Kepro.  Orgnfu.  a.oo 

Beale.     Urin.  ft  Kenal  I)t«.  1.7$ 

-  Urin.  Depoxlts.     f^Nies   e.go 
Holland,  lie  C'rincun  J  Com- 
mon PoiftoRt.    }d  E<l.      .       1,00 

Legg.     On  Urine.     •        .  .^5 

MacMuna.  Chem  of  Urine,  3.00 
Maratiall  and  Smith.  Unne.  1.00 
Ralfe.  KKliiri  Jtid  Utl.  Org.  a. 75 
SchnCe.     D'abcie*.  .        3.00 

Thonipaon.  Urinar>*  (!)rgaiu  3.50 
^^^—  Surg  of  Urin  Ofg-i'is,  1,35 
'  Calculou*  Ou.  3d.  Ed.    1.00 

"^  ■    Litliotomy.     -         -  3.J0 

PriMtAic.      6th  VA.  3.00 

Thornton.  Surg,  uf  K>dney.  1.75 
Tjraon.  Exam,  of  U'ine.  j.gs 
Van   Ntiys.    Urine  AnaJysK,     a.eo 

VKNfcREAl.  DlSl-ijlSES. 
Cooper.    Syphilit.  .       -         3,5a 
Durlcee.    0< inof thcea.     -  3,^ 

Hill  and  Cooper's  Maanal.  i.ao 
Lewio.     Syjiliilt*    Pb  TS.  Clo.i.ae 

VISITING    LIS  IS. 
Lindsay    and     Blakiston'a 
Ret:"l->r    Edition.     .Vm>/  /m* 
Cireuittr.        •        -     1.00103,00 
— — -   Perpeliial  Edliioa.  1.35 

.     MoHl'.ly  Ed. 

Pl.iin,    ;<i,-   Tucks,  I.OO 
WAiEk. 
Fox.     Waicr,  Air,  Food.  400 

Praokland.     Atulyi-  of.  t,oo 

Leffmanndt  Beani.  K«am.of.  1.95 
MacOonald,     An..lY«>«  ot       3.75 

WtJMEN.  IflSEASF^i  OP. 
Byford'a  I'ext-book.  41I1  Ed.   5.00 
— —  —  UiCTua.  -         •         -  i.aj 

DUInberger.  aad  Oiildren.  i.jo 
Doraa.  (.^yr^KC.  Operaiinns.  4  jo 
Hodge.  Tumors.  Not-  Book  .30 
LcMrers.  Dk  of  Women.  3,35 
Morris.     Corapcnd.  .  1.00 

Scanaoni.    Sexual  4.>rgaiii  of,  4.00 
Tilt     Change  of  Life.     -         t.sc 
Wlockel,  by  Panda.   Maanal 
of.     lllua.        Cto.,  3,00;  SH.  3.50 
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A  New  Medical  Dictionary. 


A  compact,  concise  Vocabulary,  uidudu 
all  the  Words  and  Phrasea  ascd  in  rnedicin 
with  their  proper  Pronunciation  and  Oefini- 
tions. 

BASED  ON  RECENT  MEDICAL 
LITERATURE. 


GEORGE  M.  GOULD.  A.B.,  M.D., 

Ckitf  OfktJUimoiag'fAl  />r/ 
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It  is  not  a  mere  compilation  from  other 
dictionaries.      The  dcSnitions  have  been 
made  by  the  aid  of  the  most  recent  siin- 
sm.n  B«>  H^r  Morocco,  u  abore.  with         ^^^  tcxt-books  in  the  various  hrancfc 

Thumb  Index, p4-*S 

PUia  Dwk  Leuhcr,  Without  Thumb  Index,   j.as    mcdicine.       It  includes 

SEVERAL  THOUSAND  NEW  WORDS  NOT  CONTAINED   IN 
ANY  SIMILAR  WORK. 

IT  CONTAINS  TABLES  of  the  ABBREVIATIONS  used  in  Medicine,! 
ARTERIES,  of  the  BACILLI,  givinE  tlie  Name,  Hahiiat.  Character^ics,  eic;  of  ' 
GLIA,  LEUCOMAINES.  MICROCOCCI.    MUSCLES,  NERVES,  PLEXUSSl 
PTOMAINES,  with  the  Name,  Formula,  Physiol.vgical  Action,  etc.;  and  the  COMPARI- 
SON OF  THERMOMETERS,  of  aUtbc  most  uied  WEIGHTS  AND  MEASURES 
of  the  world,  of  i»ie  MINERAL  SPRINGS  OF  THE  U.  S.,  V(TAL  STATISTICS, 
etc    Mach  of  the  material  thus  ctassiBed  is  not  obtainable  by  English  readen  la  any  aiber  i 

OPINIONS  OP  PROMINENT  MEDICAL  TEACHERS. 


*'  The  compact  size  of  this  diclktnary,  its 
dear  type,  and  its  accuracy  are  unfiiiting 
pointcn  to  Its  coming  [wpularily." — Jckn  B. 
Hamilton,  Supervisinj^  Surt^fm  Grnfra/  U. 
S.  Afarine  Hospiial  Servtft^  Waikinj^ton, 

**  It  is  certainly  as  convenient  and  as  OKful  a 
volume  as  can  be  found,  re|;arding  conlents  as 
well  osaiTttngcment." — Julius  Pohlman^ Fref. 
of  Pkysiolo^y,  Medical  Dfpt.,  Univ.  of  Buffalo. 

"  1  have  examinci  it  wiih  considerable  care, 
and  am  vciy  much  pleased  with  il.  It  is  a 
handy  book  for  reference,  nnd  m>  far  as  I  have 
examined  it.  it  ii  acctirate  in  every  panicalar." 
—E.  H.  Dartlfv,  Pr6f.  v/  Chemiitry,  Lang 
hfand  College  ffaspital,  Rrisfrktyn. 

"  I  consider  this  the  dictionary  of  all  others 
for  the  medical  student,  and  shall  see  that  il  is 
placed  on  our  list  of  lexi-books." — A.  R. 
Thomat,  MD.,  Dtan  Hakmtmann  MtdL  Col, 
Philadelphia. 


*■  It  will  be  recommended  araooc  onr  ictl- 
boolcs  in  our  new  caialogue." — .VL  E,  CWitf, 
M.D.,  Dean  Med/.  Dept.,  Tulam*  Cmv^S'iw 

"  Coropact,  exsct.  op  to  date,  and  the  tabki 
are  roo^t  excellent  and  instnsctive.     I  prrferj 
to  the  larger  and  older  Ixiolcs." — Prvf.  d 
Park^r^  MtdL  Dept.,  H''at^m  J^nerre  LW 
Clfwland. 

"  I  have  gi^en  your  •  Ne«r  Medical  1 
ary'  a  cntical  examination.    Its  sire  has  i 
convenient  to  ihe  fludy  table  and  hmo^  I 
frctjucnt  use.     At  the  same  time  it   u 
henuve  as  to  the  number  of  words^  incli 
those  of  the  Ute^  coin.ice.  and  oonci»e  io  id 
definitiont.     The  etynk-il->qy  and    accentoaiiA 
mAerially  enhance  its  value,  and  help  to  i 
h  worthy  a  place  with  the  classical  boolsj 
reference  for  medical  sludenis.  " — J.   $V. 
land,  M.D.,DMnJefenam  Mfyfl.  C*A,  PkiU, 
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i^May  be  obtained  through  all  Booksellers.     Sample  pages  rre«. 
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]y[edical  and   Scientific  publications, 

No.  IOI2  Walnut  St.,  Philadelphia. 


ACTON.  The  Functions  and  Disorders  of  the  Reprodnctive  Oralis  in  Childhood, 
Youth,  Adult  Age  and  Advanced  Life,  considered  in  their  l^hysiological,  Social 
and  Moral  Rclalions.     By  Wai.  Acto.n,  M.D.,  m.r.c.S.    7lh  Edition.     Clolh.  f  a.oo 

AITKEIT,  Animal  Alkaloids,  the  Ptomaines,  Leucomaines  and  Extractives  in 
their  Palholoj^ical  Reliitiuns,  A  short  summary  of  recent  researches  as  to  the 
origin  of  some  diseases  by  or  through  the  physiological  processes  going  on 
during  life,  By  William  Ajtkkn,  m.d.,  f.k.s.,  Professor  of  Pathol()gy  in  the 
Army  Medical  School,  Netley,  Enj^land.     and  Ed.     Enlarged.  Cloth,  $1.25 

ALLEST.    Commeroial  Organic  Analysis.    A  Treatise  on  the  Modes  of  Assaying 
the  Various  Organic  Chemicals  and  Products  em  ployed  in  the  Arts.  Manufactures, 
Medicine,  etc.,  with  Concise  Methods  for  the  Detection  of  Impurities.  Adultera- 
tions, etc.    Second  Edition.    Revised  and  Enlarged.    By  Alfreii  Allen,  f.c.s. 
Vol.    I.    Alcohols,    Ethers,   Vegetable    Acids,   Starch   and    its   Isomers,   etc. 

Out  of  Print. 

Vol.  U.  Fixed  Oils  and   Fats,  Hydrocarbons  and  Mineral  Oils,  Phenols  and 

tlieir  Derivatives.  Coloring  Matters,  etc.  Out  of  Print. 

Vol.  III.— Part  I.    Acid   Derivatives  of  Phenols,  Aromatic  Acids.  Tannins, 

Dyes,  and  Coloring  Matters.     8vo.  Cloth,  J4.50 

ANDERSON.  A  Treatise  on  Skin  Diseases.  With  special  reference  to  Diagnosis 
and  Treatment,  and  including  an  .Analysis  of  ii.cxx)  consecutive  cases.  By  T. 
McCall  Anderson,  m,1)..  Professorof  Clinical  Medicine.  University  of  Glasgow, 
With  several  Full-page  I'latcs.  two  of  which  are  Colored  Lithographs,  ancl  nu- 
merous Wood  Engravings.     Octavo.     650  pages.       Cloth,  54. 50;  Leather,  55.50 

ARCHIVES  OF  SURGERY.  Edited  by  Jonathan  HirrcHixsoN.  f.r.s.  Colored 
Illustrations.     Published  Quarterly.  Per  Vol.,  ?3.oo 

ARLT.  Diseases  of  the  Eye.  Clinical  Studies  on  Diseasesof  the  Eye.  Including  the 
Conjunctiva,  Cornea  and  Sclerotic,  Iris  and  Ciliary  Body.  By  Dr.  FEUn.  RiTTRR 
VON  Ahlt.  University  of  Vienna.  Authorized  Translation  by  Lvman  Ware, 
M.D,.  Surgeon  to  the  Illinois  Charitable  Eye  and  Ear  Infirmary,  Chicago, 
Illustrated.     8vo,  Cloth,  ^3.50 

SAIIOXT.  Veterinary  Anatomy  and  Physiology.  By  Wm.  R.  Ballou.  m.d., 
Prof,  of  Equine  Anatomy,  New  York  College  of  Veterinary  Surgeons,  Physician 
to  Bellevuc  Dispensary,  and  Lecturer  on  Genito-Urinar)'  Surgery,  New  York 
Polyclinic,  etc.  With  29  Graphic  Illustrations.  l2mo.  No,  /.?  f  Quix-Cotn/tt-nd 
Srr/rs.  f  Cloth,  Ji.oo.     Interleaved,  for  the  addition  of  notes,  St. 25 

BAR.  Antiseptic  Uidwifery.  The  Principles  of  Antiseptic  Methods  Applied  to 
Obstetric  Practice.  By  Dr,  Paul  Bar,  Obstetrician  to,  formerly  Interne  in,  the 
Maternity  Hospital.  Paris.  Authorized  Translation  by  Henry  D.  Fry,  m.d, 
with  an  Appendix  by  the  author.     Octavo.  Cloth,  1.75 

BARNES.  Lecttires  on  Obstetric  Operations,  including  the  Treatment  of  Hemor- 
rhage, and  forming  a  Guide  to  Difficult  Labor.  By  Robert  Barnes,  m.d., 
P.R.C.P.     Fourth  Edition.     Illustrated.     8vo.  Cloth.  $3.75 

BARRETT.  Dental  Surgery  for  General  Practitioners  and  Student.<;  of  Medicine 
and  Dentistry.  Extraction  of  Teeth,  etc.  By  A.  W.  BARRETT,  M.D.  Second 
Edition,     llhistrated       J^acficat  Series.     {_S^e  pa^e  jg.'\  Cloth,  51.25 

BARTIEY.  Medical  Chemistry.  Second  Edition.  A  Text-book  for  Medical  and 
Pharmaceutical  Students.  By  E.  H.  Hartley,  m.d.,  Professor  of  Chemistry  and 
Toxicology  at  the  Long  Island  College  HospitaJ;  President  of  the  American 
Society  of  Public  Analysis;  Chief  Chemist.  Board  of  Health,  of  Brooklyn.  N.V. 
Revised  and  enlarged.  With  62  Illustrations.  Glossary  and  Complete  Index. 
423  pages.     i2mo.  Cloth,  $z.$o 
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BEALE.    On  Slieht  AilmentB :  their  Nature  and  Treatment.    By  LiONi:t.  S.  Bcali. 

M.D..  P.R.S..  Professor  of  Practice.  King's  Medical  College,  London.    Second 

Edition.     Enlarged  and  Illustrated.     8vo.  Cloth.  <f.J5 

Urinary  and  Renal  DiaeasoB  and  Calculous  Disorders.     Hints  on  Diagtio 

and  Treatment.     Dcmi-8vo.     356  pages,  Oolh,  f  I 

The  Use  of  the  Microscope  in  Practical  Medicine.    For  Students 

Practiiioners,  with  full  directions  for  examinini,'  the  various  secretions,  etc.. 

in   the  Microscnpe.     Fourth  Edition.     500  lUuslrations,     8vo.     Cloth.  fT-Jo 

How  to  Work  with  the  Microscope.    A  Complete  Manual  or  Microscoptcil 

Manipulation,  containing  a   full   description  of  many   new    processes 

investigation,   with    directions    for   examining  objects    under   the    hi^jh 

powers,  and  for  taking  photographs  of  microscopic  objects.     Fifth  Edm4 

Containing  over  400  Illustrations,  many  of  them  colored.    8vo.    Cloth.  |7^ 

Sioplaam.    A  Contribution  to  the  Physiology  of  Life,  or  an  Introduction  to  1 

Study  of  Physiology  and   Medicine,  for  Students.     lUus.  Cloth.  $1 

Life  Theories  and  Rcli^ous  Thought.    Six  Colored  Plates.  Cloih,  fiao" 

On  Life  and  Vital  Action  in  Health  and  Disease.     1  zmo.  Cloth.  $3.00 

One  Hundred  Urinary  Deposits,  on  eight  sheets,  for  the  Hospital,  Laboa- 

tory,  or  Surgery.     New  Edition.     4to.  Paper,  f2 

BEASLEY'S  Book  of  Prescriptions.    Containing  over  3100  Prescriptions,  colle 

from  the   Practice  of  the   most  Eminent  Physicians  and   Surgeons — Englid 

French  and  American;  a  Compendious  History  of  the  Materia  Mcdica.  Usts^ 

the  Doses  of  all  OfHcinal  and  Established  Preparations,  and  an  Index  of  Disea 

and  their  Remedies.     Ily  Henry  Beasley.    Sixth  Edition.  Cloth,  1 

Drng^g^ists'  General  Beceipt  Book.    Comprising  a  copious  Veterinary  Fo 

lary ;  Recipes  in   Patent  and   Proprietary  Medicines,  Drugjjists'  Nostnia 

etc.;   Perfumery  and  Cosmetics  ;  Beverages,  Dietetic  Articles  and  Corn 

ments:  Trade  Chemicals.  Scientific  Processes,  and  an  Appendix  of  L'seful 

Tables.     Ninth  Edition.     Revised.  Cloth,  $2.z^ 

Pocket  Formulary  and  Synopsis  of  the  British  and  Foreign  Pharmacoporiu- 

Comprising  .Standard  and  Approved  FormuI:e  for  the   Preparations  and 
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Pathological  .ispecis  of  Insanity.  By  Bevan  Lewis,  L.K.C.F..  m  r  f  <;  Jlc^ 
cal  Director.  West  Riding  Asylum,  Wakefield,  England.  18  Lttb<>gnphk  ^Ifl* 
and  other  Ulusirations.     8%'o.  CloUi,  IAjob 

LIEBREIGH'8  Atlas  of  Ophthalmoscopy.  compo.sed  of  iz  Chromo-Utho|;ti}tft 
I'l.itcs  (containing  59  Figures),  with  Text.  Translated  by  H.  R,  Swanzy,  ItA 
Third  Edition.     410.  Boaids,  |iV 

LINCOLN.    School  and  Industrial  Hygiene.   By  D.  F.  Lincolm,  m.d.    Ooth,  .ji 

LIZAR8,  (JOHN).    On  Tobacco.    The  Use  and  Abuse  of  Tobacco,  Cloth.  Jo 


t 


LONGLEY'S  Pocket  Medical  Dictionary  for  Students  and  Phj-sicians.    Giving 

tthe  Correct  Definition  and  Pronunciation  of  all  Words  and  Terms  in  General 
Use  in  Mcdictnc  and  the  Collateral  Sciences,  with  an  Appendix,  containing 
Poisons  and  their  Antidotes,  Abbreviations  Used  in  Prescriptions,  and  a  Metric 
Scale  of  Doses.     By  Elias  Longley.        Cloth.  51.00;  Tucks  and  Pocket, St.25 

»LtJCK£8.  Hospital  Sisters  and  their  Dnties.  By  Eva  C.  £.  Luckes,  Matron  to 
the  London  Hospital ;  Author  of  "  Lectures  on  Nursing."     ismo.      Cloth,  Jii.oo 

HAG  HUKK.     Chemistry  of  Urine.     Illastrated.     Outlines  of  the  Clinical 

ChemiMry  of  Urmc.    Ity  C.  A.  Mac  Munn,  m.a..  m.d.,  Dublin.    Sixty-four  Wood- 

^L  cuts  and  PUte  of  Spectra.     Octavo.  $3,00 

H  On  the  Spectroscope  in   Medicine.    With  3  Chromo-lithographic  Plates  of 

Physiological  and  Pathological  Spectra,  and  13  Wood  Cuts.       Cloth,  $3.00 

MACNAMAfiA.  On  the  Eye.  A  Manual  of  the  Diseases  of  the  Eye.  By  C. 
Macnamaka,  m.d.  Fourth  Edition,  Carefully  Revised;  with  Additions  and 
Numerous  Colored  Plates.  Diagrams  of  Eye,  Wood-culs.  and  Test  Types. 
Demi  8vo.  Cloth,  54.00 

tHACALISTEB'S  Human  Anatomy.  800  IllnstrationB.  A  New  Text-book  for 
Students  and  Practitioners.  Systematic  and  Topographical,  including  the 
Embryology.  Histology  and  Morphology  of  Man.  With  special  reference  to  tlie 
requircmenu  of  Practical  Surgery  and  Medicine.  By  Alex.  Macalistek.  m.d., 
P. U.S.,  Profcssorof  Anatomy  in  the  University  of  Cambridge.  England;  Examiner 
in  Zoology  and  Comparative  Anatomy,  University  of  London;  formerly  Professor 
of  Anatomy  and  Surgery.  University  of  Dublin.  With  816  Illustrations,  400  of 
which  are  0rigin.1l.     Octavo.  Cloth,  $y.$o;  I-eather,  $B.$o 

,        MACDONALS'S  Microscopical  Examinations  of  Water  and  Air.    A  Guide  to  the 

•  Microscopical  Examination  of  Drinkmg  Water,  with  an  Appendix  on  the  Micro- 

scopical Examination  of  Air.  By  J.  D.  Macdonald,  m.d.  With  25  Litho- 
graphic Plates,  Reference  Tables,  etc.   Second  Ed..  Revised.     8vo.   Cloth,  $2.75 

I  MACKENZIE.    The  (Esophagus,  Nose,  Naso-Pharynx,  etc.    By  Sik  Morell 

^L  Mackenzie,  h.d..  Senior  Physician  to  the  Hospital;  for  Diseases  of  the  Chest 

^M  and  Throat.  London.    lUus.     Being  Vol.  II  of  the  First  Edition  of  his  Treatise 

^B  on  the  Thro.it  and  Nose.     Complete  in  itself.              Cloth,  J3.00;  Leather,  $4.00 

^^^^  The  Fharmaoopfflla  of  the  Hospital  for  Diseases  of  the  Throat  and  Nose. 
^^^^L  Fourth  Edition,  Enlarged.  Containing  350  Formulse,  with  Directions  for  their 
^^Bpip  Preparation  and  Use.     i6mo.  Cloth,  f  1.25 

'  MANN'S  Manual  of  Psychological  Medicine  and  Allied  Nen-ous  Diseases.  Their 
I  Di.i<,'nosis,  P;i!holo<^y.  Prognuiis  and    Treatment,  including  their  Mcdico-Lcgal 

^L  Aspects  ;  with  chapter  on  Expert  Testimony,  and  an  abstract  of  the  laws  relating 

^M  to  the  Insane  in  all  the  States  of  the  Union.  By  Edward  C.  Mann,  m.d., 
^^^H  member  of  the  New  York  County  Medical  Society.  With  Illustrations  of  Typical 
^H^B  Faces  of  the  Insane.,  Handwriting  of  the  Insane,  and  Micro> photographic  Sec- 
^       tions  of  the  Hrain  and  Spinal  Cord.     Octavo.  Cloth,  II5.00;  I^tner  $6.00 

IMAKSHALL'S  Physiological  Diagrams,  Life  Size,  Colored.  Eleven  Life-size 
Diagrams  (each  7  feet  by  3  feet  7  inches).  Designed  for  Demonstration  before 
the  Class.  By  John  Marshall,  p.r.s.,  f.r.cs..  Professor  of  Anatomy  to  the 
Royal  Academy  ;  Professor  of  Surgery,  University  College,  London,  etc. 
In  Sheets  Unmounted,  $40.00 
Backed  with  Muslin  and  Mounted  on  Rollers,  S60.00 
Ditto,  Spring  Rollers,  in  Handsome  Walnut  Wall  Map  Case  (Send  for 
Special  Circular) fioo.oo 
Smgle  Plates,  Sheets,  $5.00;  Mounted,  57.50;  Explanator>-  Key,  50  cents. 
No.  I — The  Skeleton  and  Ligaments.  No.  2 — The  Muscles  and  Joints,  witli 
Animal  Mechanics.  No.  3 — The  Viscera  in  Position.  The  Structure  of  the  Lungs. 
No.  4 — The  Heart  and  Principal  Blood-vessels.  No.  5 — The  Lymphatics  or  Absorb- 
ents. No.  6 — The  Digestive  Organs.  No.  7 — The  Brain  and  Nerves.  Nos.  8  and  9— 
The  Organs  of  the  Senses.  Nos,  10  and  li — The  Microscopic  Structure  of  the 
;  Textures  and  Organs. 
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KAESHAXL  &  SHITH.    On  the  Urine.    The  Chemica.1  Analysis  of  the 
By  JuHN  Marshall,  m.o.,  and  Prof.  Kdgar  F.  Smith,  of  the  Chemical  Lat 
tories.  University  of  Pennsylvania.     Phototype  Plates.     l2mo.  Ooth,  |t.00 

MASOK'S  Compend  of  Electricity,  and  its  Medical  and  Sur^pical  U*e».  Bjr 
Chakles  F.  Mason,  m.d..  Assistant  Surgeon  U.  S.  Army.  With  xn  Intro- 
duction by  Charles  H,  May,  m.o.,  Instructor  in  the  New  York  PolycUnic. 
Numerous  lllustrnliuns.     t2mo.  Cloth,  fixn 

MAXWELL.    Terminologia  Medica  Polyglotta.    By  Dr.  Theodore  .Maxwixi. 

as^i^ted  by  others  in  varinus  countnes.     8vo.  Clnrh,  $^a> 

The  i>)>)eci  of  (Uli  work  U  to  otiltt  ih«  medicat  men  of  Jiny  nationality  )n  mdlnf  nwrilcsl  '^ 

In  B  Unguacr  not  ih«ir  own.     Each  lerm  h  tuiully  gtvea  in  s«vcn  Un^uigv*,  vie. :  EnfStoh.  <  >^ 

Italian,  !)|>»»<«li,  Rii«i>iaii  and  l^ntin. 

MAYS'  Therapeatio  Forces ;  or.  The  .\ction  of  Medicine  in  the  Ugbt  of  the  Doc- 
trine  of  Conserv.ition  of  Force.     By  Thomas  J.  Mays,  m.d.  Cloth,  JM5 

Theine  in  the  Treatment  of  Meuralgia.    Being  a  Contribution  to  the  Thm- 
pcuiics  of  Pain,     i6mo.  >a  b*»uod.   50 

MEADOWS*  Obstetrics.  A  Text-Book  of  Midwifery.  Including  the  Si^ns  and 
Symptoms  of  Pregnancy,  Obstetric  Operations,  Diseases  of  the  f*uerperal  Stttr, 
etc.  By  Alfred  Meadows,  m.d.  Third  American,  from  Fourth  London  E^ 
tion.     Revised  .ind  Enlarged.     With  145  Illustrations.     8vo.  Cloth,  fsjoo 

MEDICAL  Directory  of  Philadelphia  and  Camden,  1889.  Conuininc  l»ts  of 
Physicians  tf/  all  Schools  of  Practice,  Dentists,  Veterinarians,  Drug)Tistt  aad 
Chemists,  with  information  concerning  Medical  Societies.  Colleges  and  Astoni- 
tions.  Hospitals.  Asylums,  Charities,  etc.  Morocco,  Gilt  edges,  >l  jo 

MEIGS.  Hilk  Analysis  and  Infant  Feeding,  A  Practical  Treatise  on  the  Ex- 
amination of  Human  and  Cows'  Milk,  Cream,  Condensed  Milk,  etc,^  4a4 
Directions  as  to  the  Diet  of  Young  Infants.     By  Arthitk  V.  Meigs,  m.d..  Plirw- 

cian  to  the  Fenn^^ylvdiiia  Hospital.  Philadelphia.     i2mo.  Cloth.  %\.co 

MEIGS  and  PEPPER  on  Children.  A  Practical  Treatise  on  the  \>\^x^^  of 
Children.     By  J.  FoRsvTH  Meigs,  m.d..  Fellow  of  the  College  ol  V  ?f 

Philadelphia,  etc..  etc.,  and  William  Pepper.  M.D.,  Professor  of  lii  -s 

and  Practice  of  Medicine  in  the  Medical  Department,  LTniverstty  of  i 
vania.     Seventh  Edition.  Cloth,  ^5.00:   Lcaihr 

MERHELL'S  Digest  of  Materia  Medica.  Forming  a  Complete  Pharmacopccu  far 
the  use  of  Physicians,  I'h.innacisis  and  Students.  By  Albert  MeRKCLL,  M-0. 
Octavo.  Half  dirk  Calf.  %^aa 

METER.  Ophthalmology.  A  Manual  of  Diseases  of  the  Eye.  By  Dk.  Kdocasji 
Mever.  Prof,  k  L'fecole  de  la  Facull^  de  M^icine  de  Paris.  Chev.  of  the  trgica 
of  Honor,  etc.  Translated  from  the  Third  French  Edition,  with  the  xssiiKMoe 
of  the  author,  by  A.  Freedl-AND  Fergus,  m.d..  Assistant  Surgeon  GUijKo* 
Eye  Infirmary.  With  270  Illustrations,  and  two  Colored  Plates  prepargd 
under  the  direction  of  Dr.  Richard  Lieurcick,  m.r.c  s..  Author  of  the 
of  Ophthalmoscopy."     8vo.  Cloth,  f4-$o;   Leather 

MILLER  and  LIZAR'S  Alcohol  and  Tobacco.  Alcohol.  Its  Place  and  Io«r- 
By  jAMEb  .Miller,  f.k.c.s.  ;  and.  Tobacco.  Its  Use  and  Abuse.  By  John  Uxasi. 
H,b.     The  two  essays  in  one  volume.  Cloth,  |i.oo;  Separate,  cdurh  .ys 

MILLS.  Fuel  and  Its  Applications.  By  E.  J.  Mills,  dsc..  f.r.s..  and  E.  J 
Ruwan.c.e.  (See  Groves  and  Thorp  Technology.)  8va.  Clo.,  57,50;  Half  Mor,|9.a> 

MONEY.     On  Children.     Treatment  of  Disease  m  Children,  includmg  ihc  Oiuji=<i 
of  Diagnosis  and  the  Chief  Pathological   Differences  between   C 
Adults.     By  Akgel  Money,  m.d.,  m.r.c.p.,  Asst.  Physician  10  the   : 
Sick  Children,  Great  Ormond  Sl,  and  to  the  Victoria  Park  Chest  Hoapnai,  Lmt 
don.     Practicai  Series.     See  Pa^e  ig.     i2mo.     560  pages.  Cloth.  %yio 

MORRIS.  Compend  of  Gynaecology.  By  Hcs-ry  Morris,  m.d.,  Demomtzaicrsr 
Ubstetrics,   Jefferson    Medical    College,    Fhila.,   etc.       Being  t  Quia-C^m^adf 
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3C0RT0N  on  Befr&otion  of  the  £ye.  Its  Diagnosis  and  the  Correction  ofits  Errors. 
With  Chapter  on  Keratoscopy,  and  Test  Types.  By  A.  Morton,  h.b.  Third 
Edition.  Revised  and  Enlarged.  Cloth,  %.\.oo 

MT7KRELL.    Ha&sotherapentics.     Massage  as  a  Mode  of  Treatment.     Hy  Wm. 
MuKRELi..  M.D..  F.R.c.i'..  Lccltircr  on  Pharmacology  and  Therapeutics  at  West- 
minster Hospital.     5ih  Kdition.    Revised.    i2mo.  Cloth,  #1.50 
Chronic  Bronchitis  and  its  Treatment.    A  Clinical  Study.     i2mo.    176 
pages.  Cloth,  %\  50 
HUTEE.    Practical  and  Analytical  Chemistry.    By  John  Mutbu.  p.u.s.,  p.cs.. 
etc.     Third  Rdition.     Revised  and  Illustrated.                                       Cloth.  52.00 

HBW  SYDENHAM  SOCIETY  Publications.  Three  to  Six  Volumes  pubhshcd 
each  year.     Ust  of  Volumes  upun  application.  Per  annum.  $9.00 

OBERSTEINER,  The  Central  Nervous  System.  A  Guide  to  the  study  of  their 
structure  in  Health  and  Disease.  By  Professor  H.  OaKBSTElNtK.  of  the  Univer- 
sity of  Vienna.  Translated,  with  annotations  and  additions,  by  Alex.  Hill,  M.A., 
M.n.,  Master  of  Downing  College,  Cambridge.     198  Illustrations.       Cloth,  $6.do 

OPHTHALMIC  REVIEW.    A  Monthly  Record  of  Ophthalmic  Science.    Published 

in  London.     SiimpU  Numbers,  3$  cents.  Per  annum,  $3.00 

OSGOOI).    The  Winter  and  Its  Dangers.     By  Hamilton  Osgood,  m.d.  Cloth,  .50 

OSLER.  Cerebral  Palsies  of  Children.  A  Clinical  Study  from  the  Infirmary  for 
Nervous  Diseases,  Philadelphia.  By  William  Osler,  h.d.,  f.r.c.p.,  London, 
etc.    8vo.  Cloth,  JI2.00 

OSTROM.  Massage  and  the  Original  Swedish  Movements.  Their  Application 
10  Wirious  Uise.i^ci  of  tlie  Body.  A  Manual  for  Students,  Nurses  and  Physicians. 
By  KuRRE  VV.  OsTROM.  from  the  Royal  University  of  Upsala.  Sweden;  Instructor 
in  Massage  and  Swedish  Movements  in  the  Hospital  of  the  University  of 
Pennsylvania,  and  in  the  Philatlelphia  Polyclmlc  and  College  for  Graduates  in 
Medicine,  etc.  Illustrated  by  Wood  Engravings,  drawn  especially  for  this  pur- 
pose.    121110.  Cloth,  .75 

OVERMAN'S  Practical  Mineralogy,  Assaying  and  Mining,  with  a  Dcscnption  of 
the  Useful  Minerals,  etc.  By  Fkeoekick  Overman,  Mining  Engineer.  Elev- 
enth Edition.     i2mo.  Cloth,  lli.oo 

FACEARS'S  Sea  Air  and  Sea  Bathing.    By  John  H.  Packard,  one  of  the  Phy- 

>iciiins  to  the  Pennsylvania  Hospital,  Philadelphia.  Cloth,  .50 

PAGE'S  Ix^uries  of  the  Spine  and  spinal  Cord,  without  apparent  Lesion  and  Ner- 
vous Shock.  In  their  Surgical  and  Medico-Legal  Aspects.  Uy  Herbkrt  W. 
Page,  m.d.,  f.r.c.s.     Third  Edition,  Revised.     Octavo.  Preparing, 

PARKES'  Practical  Hygiene,  Hy  Eoward  A.  Parkes.  m.u.  The  Seventh  Re- 
vised and  Enlarged  Edition.     With  Many  Illustrations.     8vo.  Cloih,  J4.50 

PARKES.  Hygiene  and  Public  Health.  A  Practical  Manual.  By  Louis  C. 
PAKKtis,  M.ix.  D.r.ii.  London  Hospital;  Assistant  Professor  of  Hygiene  ind 
Pubhc  Health.  «t  University  College,  etc.     i2mo.     Second  Edition.     Cloth,  $2.50 

PARBISH'S  Alcoholic  Inebriety.  From  a  Medical  Standpoint,  with  Illustrative 
Cases  from  the  Clinical  Records  of  the  .Author.  By  Joseph  Pakrish,  m.D., 
President  of  the  Amer,  Assoc,  for  Cure  of  Inebriates.      Paper,  .75  ;  Cloth,  f  1.25 

PARVIIf'S  WinckePs  Diseases  of  Women.    (See  Winckel.  page  24). 

PARVIN.  Lectures  on  Obstetric  Nnrsing.  Delivered  at  the  Training  School  for 
Nurses  of  the  Philadelphia  Hospital.  By  Theophii.us  Parvin.  m.d.,  Professor 
of  Obstetrics  and  Uisea.ses  of  Women  and  Children,  at  Jefferson  Medical  College ; 
Obstetrician  to  Philadelphia  Hospital.     i2mo.  Cloth,  .75 

PENNSYLVANIA  Hospital  Reports.  Edited  by  a  Committee  of  the  Hospital 
•Suit:  J.  M.  DaCosta,  M.O-.  and  William  Hunt.  Containing  Original  Anicles 
by  the  Staff.    With  many  other  Illustrations.  Paper,  .75;  Cloth,  51.25 
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P,  BLAKISTON,  SON  &*  CO:S  PVBUCA  TrONS. 


PHYSICIAN'S  VISITING  LIST.    Published  AnnuaUy.    Thirty-ointh  Yeir  of  its 

Publicalion. 

BEOULA^  EDITION. 

Tucks,  pocket  and  pencil,  Gilt  Edges,    .        .        %KtA 


For  35  Patients 
50 

75         *' 
100 

weekly. 

50         " 

•'    2  vols. 

100 

"  1  vols. 

Jan.  to  June 
July  to  Dec. 
Jan.  to  June 
July  to  Dec. 

INTBBLEAVBD  EDITION. 

For  25  Patients  weekly,  interleaved,  tucks,  pocket,  etc.,     "        ••         .         .  i.aj 

5°  ■•    ••-»•»•  ifelofei^'} •  •    'j^ 

Perpetual  Edition,  without  Dates  and  with  Special  Memorandum   Paces. 

For  25  PaticnU,  interleaved,  tucks,  pocket  and  pencil,  ....        ^MJ 

50         •*  ■'  ....  I.5P 

Honthly  Edition,  without  Dates.  Can  be  commenced  at  any  time  and  used 
until  full.    Requires  only  one  writing  of  patient's  name  for  the  whole  nwmxh> 

Plain  binding,  without  flap  or  Pencil,  .75 
leather  cover,  Pockei  and  Pencil,  fixo 

EXTRA  Pencil!  will  be  sent,  postpaid,  for  3$  cents  per  half  dozen. 

1^^  tliis  List  combines  the  several  essential  qualities  of  strength,  compactnesi; 
durability  and  convenience.  It  is  made  in  alt  sizes  and  styles  to  meet  the  wants  of  all 
physicians.  It  is  not  an  elaborate,  complicated  system  of  keeping  accounts,  but  a 
plain,  simple  record,  that  may  be  kept  with  the  least  expenditure  of  time  and  trouble— 
nencc  its  popularity.  A  special  circular,  descriptive  of  contents  and  miprOTemcDB; 
will  be  sent  upon  application. 

PESEIBA'S  Prescription  Book.  Containing  Lists  of  Terms.  Phrases.  Contrac- 
tions and  Abbreviations  used  in  Prescriptions,  Explanatory  Notes.  Gramnulkal 
Construction  of  Prescriptions.  Rules  for  the  Pronunciation  of  PharmacetKxil 
Terms.  By  Jonathan  Pekeira.m.d.  Sixteenth  Edition.  Cloth, Si-oo;  Tucks>i45 

PIOGOTT  Copper  Mining  and  Copper  Ore.     i2mo.  Cloth.  %\m 

P0HTER8  Surgeon's  Pocket-Book.  By  Sukgeon-Major  J.  H.  Porter.  Uic  IV*- 
fessorof  Military  Surgery  in  the  Army  Medical  School,  Netlcy,  England.  Kevued. 
and  partly  Rewritten,  by  Surgeon-Major  C.  H.  Godwin,  of  the  Army  Medial 
School  (Netlcy,  England).     Third  Edition.     Small  i2mo.    Leather  Covers,  |2.JJ 

POWEE.  HOLMES,  AN8TIE  and  BAENES  (Drs.).  Report  on  the  Prwresirf 
Medicine,  Surgery,  Physiology,  .Midwifcr)-,  Diseases  of  Women  and  ChildRlk 
Materia  Medica.  Medical  Jurisprudence,  Ophthalmolog>',  etc.  Reported  fortfat 
New  Sydenham  Society.    8vo.  Paper,  .75  ;  Clolh.  |l^ 

POTTEB.    A  Handbook  of  Kateria  Medica,  Pharmacy  and  Therapenties.  ia- 

clutlin^'  the  Action  of  Medicines,  Special  Therapeutics,  Pharmacology,  etc,  t^ 
eluding  over  600  Prescriptions  and  Formula.  By  Samuel  O.  L.  PorrEa,  mjl, 
M.D.,  Professor  of  the  Practice  of  Medicine,  Cooper  Medical  College,  San  Fraa- 
Cisco ;  late  A.  A.  Surgeon  U.  S.  Army.  Second  Edition,  Revised  and  EnUr^fd. 
8vo.      With  Thumb  Index  in  ea^h  copy.  Cloth.  J4.00;  Leather.  %\J» 

Speech  and  Its  Defects.  Considered  Physiologically.  Pathologica&y  a«d 
Kemedially  ;  being  the  Lea  Prize  Thesis  of  Jcflfcrson  Medical  CoUese,  l8tr 
Revised  and  Corrected.     l2mo.  Clom.  %ixc 
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'PARKES.     Hygiene  and  Public  Health.     A  Practical  Manual.    By  Louis  C. 

Parkks.   M.U..   D.P.H.,    London    Hospital;    Fellow   of  the   Sanitary    Institute; 

^m  Assistant  Professor  uf  Hygiene  and  Public  Health,  at  University  College,  etc. 

^"  T2nio.     Second  Edition.  Cloth,  J2.50 

L£W£ES.  On  the  BiBeases  of  Women.  A  Practical  Treatise.  By  Dr.  A.  H. 
N.  Lewers.  Assisum  Obstetric  Physician  to  the  London  Hospital ;  and  Phy- 
sician to  Out-patients,  Queen  Charlotte's  Lying-in  Hospital ;  Examiner  in  Mid- 
wifery and  Diseases  of  Women  to  the  Society  of  Apothecaries  of  London.  With 
139  Engravings.     Second  Edition,  Revised.  Cloth,  $2.50 

BUXTON.  On  4ii»sthetic>.  A  Manual  of  their  Uses  and  Administration.  By 
Dudley  Wilmot  Bitxton,  m.d..  b.s.,  Ass't  to  Prof,  of  Med.,  and  Administrator 
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Hn-ipital.  etc.     i2mo,     Priutkai  Sfrifs.     S^e  Page  ig.  Clous,  | J. JO 
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M.O.,  F.R.c.P.  -Second  Edition.  Revised  and  Enlarged.  By  W.  H.  BnOAOniBT, 
M.D.     With  Additions.     Appendix  of  Formulae,  etc.     8vo.  Cloth.  Ij^jOD 

Memoranda  of  Poisons  and  their  Antidotes  and  Tests.  Sixth  Amcncan.  frea 
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dclphia  Polychnic.      i2mo.  Clixh.  .75 

TAYLOR.  Practice  of  Medicine,  A  Manual.  By  Frederick  Taylok.  M.n^ 
l'h>  sician  to,  and  Lecturer  on  Medicine  at  Guy's  Hospital,  London  ^  Fhysciaa  to 
EvcHna  Hospital  for  Sick  Children,  and  Examiner  in  Materia  Mcdica  and  Phir- 
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The  (act  that  Prof.  Landois*  book  has  passed  through  foar  large  edicions  in  the  original  since  18S0,  and 
bat  in  barely  six  months'  time  a  second  edition  of  the  Enijltsh  has  been  called  for,  shows  that  in  some 
special  way  it  has  met  a  want.  The  characteristic  which  has  thus  cuinmcTidefl  (he  work  will  he  found 
mainly  to  lie  in  its  emmect  practicability ;  and  it  is  this  consideration  which  has  induced  me  to  undertake  the 
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methods  of  investigation  which  may,  to  advantage,  be  used  by  the  practitioner,  ore  carefully  and  fully 
dc:scribcd.  Many  additions,  and  about  one  huudred  iUusimtions,  have  been  inuoduced  into  this  second 
£iigLsh  edition,  and  the  whole  work  carefully  revised. 

PRESS  NOTICES. 

"Moit  effectively  aids  Che  busy  phyaician  lo  trace  from  morhid  phenoniena  tuck  the  eoane  of  dlvercencc  froia 
healihy  phy&icil  opcrjiiotvi  and  ti>  iriiher  in  tltik  wuy  new  Il^hu  and  novel  iDdicxtiona  lor  the  cohprbhkmsion  and  tkiathrxt 
Ol    ch?  niiLi:lic«  willi  which  he  i«  CAtlcd  up^n  lo  CO|>c." — Aimrricam  Journtd  •*/" MtiiUttt  Scimrt*. 

"  I  know  of  no  t^onk  which  ii  ita  equal  io  ihe  apphcationi  to  the  necda  of  clinical  medicine."—/*/'^,  //•irri'/^n  At/em,  t^it 
•^W0/t%iar  »/  f  ^yttoi»fY,  Cmhtrsiiy  Jf  PtnniyivAmia. 

"  We  h»ve  no  he^iuiion  In  mying  ttui  this  is  thb  work  to  which  the  PitACTTTinMnt  will  turn  whenever  he  deslm  light 
Oirown  upon  the  phenomena  of  ■  cuMri.icATKU  ok  iMr'.it'TANT  \:ny.^'' — Edinhurgk  Metiieai Jamm»l. 

"  So  great  »re  the  advanu^  ulTrrcd  by  Prof.  Landois'  TnXT-lkMiK,  from  the  kxhaifstivb  and  bminkktly  prachcal 
niuiner  in  which  the  tubject  u  treated,  that  it  iias  pa«»ed  through  rouR  larue  editiuni  In  the  »ame  numt>er  of  yeim.  .  .  , 
"XH.  STiHLlNti's  ann<i(3lion«  have  mulcrially  added  Io  the  value  of  l)ie  work.  Admirably  adapted  for  the  fHACTlTlOKlli.  .  .  . 
^Vith  this  Text-book  at  command,  NO  Sti'ukwt  could  rAiL  iw  tii*  kxahination."— y^r  7.d«r//. 

"One  of  ihe  must  phactical  woshs  on  Phy^iulog)'  ever  written,  forming  a  ■  bridge  '  briwcen  Phy«loloiry  and  Practical 
Aledicine.  .  .  .  Ici  chief  merits  arc  its  comptetencM  and  cDi>cifter>cu.  .  .  .  1  he  additions  by  the  £diior  are  able  and  judkloui. 
»   .  .   ExcRiLtiTTLT  clkak,  ATTHAcnvB  and  SUCCINCT.*' — Brttuk  Atedic^l Jfiumai . 

"  Thegmt  tubjecu  dealt  wlih  nrr  l*Tatcd  irt  an  admirably  clear,  tene,  and  hApptly  tlliisrrated  manner."— /V«r/iV/««^r. 

"  Unquntionably  Ihe  mn«t  admirable  exposition  of  the  rclatioiu  of  Hubud  rhyitolo^y  to  Practical  Medicine  ever  laid 
'^cCbn  £ngluh  readert  " — St^tAenW  Jommal. 

"  At  •  work  of  reJenziKc,  LANt>ois  and  SuBUNu's  Treatise  ought  to  takk  thb  roBBMosT  fLAcs  among  the  lert- 
^ooki  in  the  EntlHh  laiii;iwKe      The  woorl^:uU  are  noticeable  for  iheir  number  and  beattly  " — Gtatraw  Mfitiful Jtinm^l, 

"  L.andoU'  Physlolocy  Is,  without  qucBtioo,  the  best  text.booh  on  the  aubject  that  baa  ever  t»een  written." 

——tft%v    i'a'k  Mtiti£,tl  Rrierit. 

"  The  chapter  on  tSe  Drain  and  Spinal  Cord  will  be  a  n'ost  valuable  one  for  Ihe  general  reader,  the  Iranclator'i  notes  adding 
«iot  a  little  10  tts.  importaEice  TTie  *ecnon*on  Sighi  and  Hearine  are  eihaustive.  .  .  .  I'heChemlttry  of  the  Urine  UlhorotigUr 
^Soiuldcred.  ...  In  ii«  present  furm,  the  value  o(  the  original  haa  t>e«n  sreaily  tncmtted.  .  .  The  leat  ii  sniooih,  secuntB, 
«od  unuiiially  Aee  from  Germannmi :  in  fact,  it  ii  eood  Rnglith."— iVnv  rVr^  Mnficatyjunutt. 

"  It  li  nni  for  ihe  phytiolo^cal  mudeni  alone  that  Pmf  l.jindoii'  hook  poan««tes  great  value,  (or  it  has  BBBK  At>nxKssSD 
"^O  TMK  rKAL-rtiioNBK  OP  MBiiiciHB  **  wcU,  who  wiU  6nd  here  a  direct  application  ulpliyalolagicAl  to  pathological  proccsftca." 
^ftduai  RuUttin. 

P.  BLAKISTON,  SON  &  CO.,  Publishers,  xoxa  Walnut  St..  Philadelphia. 


'Glasgow,  eic 

WITH  COLORED  PLATES  AND  NUMEROUS  WOOI 

Octavo.     650  Pages.     Cloth,  $4.50  ;   Leather.  $5.3 

A  treatise  on  Diseases  of  the  Skin,  with  reference  to  Diagnc 
including  an  Analysis  of  11,000  Consecutive  Cases.     Thoroughly 
handsome  wood  engravings,  and  several  colored  and  sleel  plate 
direction  of  the  author,  from  s[)ecial  drawings  by  Dr.  John  Wilson 

PARTICULARLY  STRONG  IN  TREi 

9Sr  special  attention  is  given  to  the  Differential  Diagnosis  of  Sk 
treatment.     There  are  over  150  prescriptions,  which  will  serve  as] 
in  dealing  with  obstinate  and  chronic  cases. 

There  has  been  no  complete  treatise  on  Dermatology  issued  for : 
Anderson  has,  therefore,  chosen  an  opportune  time  to  publish  his 


ILLtTSTIUtTtNC  OKB  OP  THS  Ll»HA&IS  Or  TUB  UaIH  {Stf  Fig.  AtAVi 

For  nearly  twenty-five  years  Professor  Anderson  has  been  a  gend 
hospital  physician,  with  unusual  opportunities  for  the  study  of  this  cfi 
not  a  "specialist/*  as  the  term  is  understood.  His  experience  J 
value,  and  the  physician  will  feel  that,  in  consulting  this  work,  hi 
riences  of  a  man  situated  as  himself — with  the  same  difficulties  of  dij 
and  who  has  surmounted  them  successfully.  We  believe  this  to  b^ 
the  book  that  will  be  recognized  at  once;  for  it  is  undoubtedly  % 
the  present  contains  much  practical  information  and  many  hints] 
where.  Professor  Anderson  is  particularly  happy  in  illusj 
tant  relations  subsisting  between  the  general  economy  at 
his  ideas  of  pathology  and  therapeutics,  including  a  consider 
and  local  manifestations  of  the  common  diseases  of  the  economy 

tmrMi   Ml**  eiirfa/-M     will   finH  manv  anr»rfriativ*>  rc^fKpvK. 


HiE}  ?  QUIZ-COMPENDS.  ? 

A  Series  of  Practical  Manuals  for  the  Physician  and  Student. 

Compiled  In  accordance  with  the  latest  teachinra  of  prominent  lectnrera 
and  the  moat  popular  Text-booka. 

Bound  in  Cloth,  each  $i.oo.    Interleaved,  for  the  Addition  of  Notes,  $1.25. 

They  fonn  a  most  complete,  practical  and  exhaustive  set  of  manuals,  containing  information 
nowhere  else  colleaed  in  such  a  practical  shape.  Thoroughly  up  to  the  times  in  every  respect, 
containing  many  new  {descriptions  and  formulx,  and  over  300  illustrations,  many  of  which  have 
been  drawn  and  engraved  specially  for  this  scries.  The  authors  have  had  large  experience  as 
quiz-masters  and  attaches  of  colleges,  with  exceptional  opportunities  for  noting  the  most  recoit 
advances  and  methods.  The  arrangement  of  the  subjects,  illustrations,  types,  etc.,  are  all  of  the 
most  approved  form.  They  are  constantly  being  revised,  so  as  to  include  the  latest  and  best 
teachings,  and  can  be  used  by  students  of  any  college  of  medicine,  dentistry  and  pharmacy. 
No.  I.     Human  Anatomy.     Fourth  Edition,  including  Visceral  Anatomy,  formerly 

published  separately.    Over  100  Illustrations.    By  Sami/el  O.  L.  Potter,  m.a.,  u.d., 

late  A.  A.  Sui^eon,  U.  S.  Army.    Professor  of  Practice,  Cooper  Med.  College,  San  Francisco. 
Nos.  a  and  3.     Practice  of  Medicine.     Fourth   Edition,  Enlarged.     By  Daniel   E. 

Hughes,  h.d.,  late  Demonstrator  of  Clinical  Medicine  in  Jefferson  Med.  Collie,  Phila. ; 

Physician-in  Chief,  Philadelphia  Ho5:pital.     In  two  parts. 
Part  I. — Cominued,  Emptive  and    Periodical  Fcven,  Discuses  of  the  Stomach,  Imeslines,  Peritoneum, 
BQiary  Passages,  Liver,  Kidneys,  etc.  (including  Tests  fur  Urine),  Genenl   Diseases,  elc. 

Part  IL  — Diseases  of  the  Kespintory  System  (including  Ph)rtical  Diagnosis).  Circulatory  System  and 
Nervous  System  ;  )L>i!>cjses  of  the  Blood  etc. 

*«*  Thrse  little  books  can  be  regarded  as  a  full  tet  of  notes  upon  the  Practice  of  Medicine,  conuining  the 
Synonyms,  Definitions,  Causes,  Symptoms,  Prognosis,  Diagnosis,  Treatment,  etc.,  of  each  disease,  and  including 
a  number  of  prescriptions  hitherto  unpublished. 

No.  4.  Phjrsiology,  including  Embryology.  Fifth  Edition.  By  Albert  P.  Brubakrr, 
M.D.,  Prof,  of  Physiology,  Penn'a  College  of  Dental  Surgery;  Demonstrator  of  Physiology 
in  Jefferson  Med.  College,  Phila.     Revised,  Enlarged  and  Illustrated. 

No.  5.  Obstetrics.  Illustrated.  Fourth  Edition.  For  Physicians  and  Students.  By 
Henry  G.  Lanuis,  m.d..  Prof,  of  Obstetrics  and  Diseases  of  Women,  in  Starling  Medicfd 
College,  Columbus.     Revised  Edition.     New  Illustrations. 

No,  6.  Materia  Medlca,  Therapeutics  and  Prescription  Writing.  Fifth  Revised 
Edition.  With  especial  Reference  to  the  Physiolt^ical  Action  of  Drufis,  and  a  complete 
article  on  Prescription  Writing.  Based  on  the  Last  Revision  (Sixth)  of  the  U.  S.  Pharma- 
copceia,  and  including  many  unofficinal  remedies.  By  Samuel  O.  L.  Potter,  m.a.,  h.d., 
late  A.  A.  Surg.  U.  -S.  Army;  Prof,  of  Practice,  Cooper  Med,  College,  San  Francisco.  5th 
Edition.     Improved  and  Knlai^ed. 

No.  7.  Gynaecology.  A  Compend  of  Diseases  of  Women.  By  Henry  MoRRls,  M.D., 
Demonstrator  of  Obstetrics,  Jefferson  Medical  College,  Philadelphia.  /»  Preu. 

No.  8.  Diseases  of  the  Eye  and  Refraction,  including  Treatment  and  Surgery,  By  L. 
Webster  Fox,  h.d.,  Chief  Clinical  Assistant  Opthalmolt^ical  Dept.,  Jefferson  Medical 
College,  etc.,  and  Geo.  M.  Gould,  a.b.     71  Illustrations,  39  Formulae.     2d  Edition. 

No.  g.  Surgery.  Illustrated.  Third  Edition.  Incltiding  Fractures,  Wounds,  Disloca- 
tions, Sprains,  Amputations  and  other  operations;  Inflammation,  Suppuration,  Ulcers, 
Syphilis,  Tumors,  Shock,  etc.  Diseases  of  the  Spine,  Elar,  Bladder,  Testicles,  Anus,  and 
other  Surgical  Diseases.  By  Orville  Horwitz,  a.m.,  m.d..  Demonstrator  of  Surgery, 
Jefferson  Medical  Coltqre.     Third  Edition.     Revised     77  Formulae  and  91  Illustrations. 

No.  xo.  Medical  Chemistry.  Third  Edition.  Inorganic  and  Organic,  including  Urine 
Analysis.  For  Medical  and  Dental  Students.  By  Henry  Lf.ffmann,  m.d.,  Prof,  of  Chem- 
istry in  Penn'a  College  of  Dental  Sui^ery,  Phila.     Third  Edition.     Revised  and  Enlarged. 

No.  XI.  Pharmacy.  Based  upon  *■  Remington's  Text-Book  of  Pharmacy."  By  F.  E. 
Stewart,  m.d.,  ph.g.,  Professor  of  Pharmacy,  Powers  College  of  Pharmacy;  late  Quiz- 
Master  at  Philadelphia  College  of  Pharmacy.     Second  Edition.     Revised. 

No.  la.  Veterinary  Anatomy  and  Physiology.  Illustrated.  By  Wm.  R.  Ballou,  h.d., 
Prof,  of  Equine  Anatomy,  New  York  College  of  Veterinary  Surgeons,  etc.    29  Illustrations. 

No.  13.  Warren.  Dental  Pathology  and  Dental  Medicine.  Containing  all  the  most 
noteworthy  points  of  interest  to  the  Dental  student.  By  Geo.  W.  Warren,  d.d.s.,  Clinical 
Chief,  Penn'a  College  of  Dental  .Surgery,  Philadelphia.     Itlus. 

No.  14.     Hatfield.     Diseases  of  Children.     By  Marcus  P.  Hatfield,  Professor  of  Dis- 
eases of  Children,  Chicago  Medical  College. 
Jl^^  T^esf  bookt  are  constantly  revised  to  keep  up  with  the  latest  teachings  and  discoveries. 


-  IT  STAVnS  WITHOUT  AN  EQUAL  AS  THE  MOST  COMPLETE  WORK  ON  PRACTlCtl 
THE  ENGLISH  LANGUAGE."— A>w  York  M*dkai  Journal. 

FAGGE'S  PRACTICE  OF  MEDICINE 

Two  Large  Royal  Octavo  Volumes.     Containing  over  1900  Pasca^ 
PRICE,  HANDSOMELY  BOUND  IN  CLOTH,  SS-OO.  I 

The  Principles  and  Practice  of  Medicine. 

By  CHARLES  HILTON  FAGGE,  M.D.,  F.R.C.P.,  F.R.M.C.S.. 

Sxtumintr  in  Afedtein*,  UHipertity  t(f  London  ;  pKytkian  ts,itmd  Ltctnrrr  an  fatk^ltfy  in,  Ci^t  i 
S*uiar  Pkfiician  ta  EvtiiMA.  Hiu^iliU /or  Sh-M  CkiMfti»,fW. 

KDtTBD  AKO  ARKAIKlBtl   WOU  THK  PKIM 

By  P.  H.  Pve-Smith.  M.D..  F.R.C.P.. 

Ltttmrtr  <•■  Mtttkim*  in  Gm/t  //tr/ittU,  Lwn^m.rtc., 

WITH  A  SECTION  ON  CUTANEOUS  AFFECTIONS,  UY  THE  EDITOR,  A  CHAPTEK  OH  CAf- 
OIAC  DISEASES,  BV  SaUL'EL  WiLK.ES,  M.  D.,  P.  R.  S..  AND  TWO  INDEXES,  ONE  Of 
AUTHORS  AND  ONE  OP  SUHJECTS,  BV    ROBERT  EdMUND   CaRRINGTON. 


Two  Volumes.  Royal  Octavo.  igoo  Pages. 

Price  In  Cloth.  $8.00.     Full  LeaUier,  $10.00.     H&lf  Uorocco.  $13.00.     Ealf  Suali,  $U,Oa 


I 


It  is  based  on  laborious  researches  into  the  pathological  and  clinical  records  of 
Guy's  Hospital.  London,  during  the  twenty  years  in  which  the  author  has  held  offict 
there  as  Medical  Registrar,  as  Palhologisl.  and  as  Physician.  Familiar  beyond  iTKibi. 
if  not  all.  of  his  contemporaries,  with  modern  medical  literature,  a  diliger.!  reader  0/ 
French  and  German  periodicals,  Dr.  Fagg-e,  with  his  remarkably  retentive  incnuiry  vA 
methodical  habits,  was  able  to  bring  to  his  work  of  collection  and  criticism  ahnosi 
unequfllcd  opportunities  of  extensive  experience  in  the  wards  and  dead  bouse.  T^ 
result  is  that  which  will  probably  be  admitted  to  be  a  fuller,  more  original,  and  morr 
elaborate  text-book  on  medicine  than  has  yet  appeared.  It  is  the  first  of  importance 
emanating  from  Guy's  Hospital,  and  the  only  two-volume  work  on  the  Practice  of 
Medicine  that  has  been  issued  for  a  number  of  years.  Several  subjects.  s«ch  » 
Syphilis,  that  are  usually  omitted  or  but  slightly  spoken  of  in  a  general  work 
character,  receive  full  attention. 

Dr.  Walter  Moxon,  one  of  Dr.  Fagge's  contemporaries,  and  a  great 
friend,  writes  of  him,  in  a  recent  number  of  the  Lomion  Lancet .' — 

"  F^U^  ^ms,  to  my  mind,  th«  t^pc  or  tnM  tncdtcal  craaincsi.    I  believe  h«  wu  capable  of  trrr  H**  rf 
«xc«Iknca,      HU  groaiitcM  a*  *  phy»lclui  became  cvtdrnl  lit  ohMrrven  of  char.*ctrr  verr  1000   kAcr  hb  I 
■ludent  rarT«r  hid  )>laccd  him  on  the  lUff  of  Guy'k   Hoipiut :    he  did  not  merely  gruup  aXx^M4y  kn»« 
bol  ht  loaod  nrw  feicu.     Komcr  volu(n««  of  Guy'*  Ho«piUl  Rkporift  conuin  ample  and  nh^t  *»IwiHt  i 
bii  £icainc»  as  a  pby»icun.     Hii  power  of  otncnrMtton  iras  •uiuincd  by  immenM  memory,  ■*!  I 
actton  by  virid  and  cotutant  lucffcstireneas  of  intelligence.     He  wa^  a  physician  by  (ivce  of  mnn 
gificd  wilh  a  quldcBeu  at  peTi:«ptu>n.  «  geniu*  fbr  cIidIcbI  bcu  and  a  patience  in  obi«rvatioa    be  % 
Rcocnlied  at  a  »ucce*sful  pnctmooer  aod  a  leading  Agure  in  the  hoapital  and  anutof  ibc  pmfiiMjB. 


i,  such  » 
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CONTENTS. 


A1.HANAC  for  1890  and  1891 , 

Tabls  of  SinNS  to  be  used  in  keep'ng  accounts. 

Marshall  Hali-'s  Rsadt  Mbthou  in  Asphyxia. 

Poisons  and  ANTit>OTKa,  revised  for  1890. 

Thb  Metric  ok  Krinch  Dhcihal  Ststbm  or 
Wrights  and  Msasurbs. 

DosR  I'ablb,  revised  and  rewritten  for  1890,  bv  Hr.. 
BART  Amiikv  Hare,  h  d  ,  Demoiiftrator  of  Thera- 
peutics, University  of  PeniwylvailiR. 

List  op  Nsw  Rimrdie!)  for  1890,  by  same  author. 

Aids  TO  DtACNOSts  and  Trrathbkt  op  Diseases  op 
THE  Eye.  Dr.  L.  Wbrster  Fox,  Clinical  Assi.  Eye 
Dept  ,  Jefferson  Medical  College  Hospital,  and  G. 
M.  Gould,  h.d. 

Diagram  Showing  Eri;ption  of  Milk  Trith,  Dr. 
Louis  Starr,  Prof  of  IHseases  of  Children,  Univer- 
sity Hospital,  Philadelphia. 


POSOLOGICAL  TaBLI,  MsAIWWS. 

Disinfectants  and  Disinfecting. 

ExAUiNATioN  OP  Urine,  Dr.  J,  DALAND.^af^'/«/«K 
TyiSH'i  "  Practical  ExamiDation  of  Unne."  6<h 
Edition. 

Ikcompatibilitv,  Dr.  S.  O.  L.  Potter, 

A  New  Complete  Table  for  Calculating  thk 
Pbriou  op  Utrro-Gestation. 

Sylvester's  Method  for  Artificial  Rbsfiratioh. 
Illustrated. 

Diagram  of  thr  Chest. 

Blank  Leaves,  suitably  ruled,  (or  Visiting  Lists. 
Monthly  Memoranda,  Addresres  of  Patients  ana 
others ;  Addresses  of  Norses,  their  references,  etc. ; 
Accounts  aslced  for;  Memoranda  of  Wants  ;  Obstet- 
ric and  Vaccination  Engagements ;  Record  of  Births 
and  Deaths ;  Cash  Account,  etc 


REQULAR   EDITION. 

For  25  Patients  weekly.  Tucks,  pockets  and  Pencil,  $i.oo 

50        "           "  "            "               "           1.25 

75        "           "  "            "               "           1.50 

100        "           "  "            "                "           2.00 

50   ■•     "    .Vols.  j>r,;°|,"«}     .50 

■-   ■■    "    ^v<"MN,;tofc!}     3.00 

INTERLEAVED  EDITION. 

For  25  Patients  weekly.  Interleaved,  tucks  and  Pencil.    1.25 

50  ..    •■  .Vols.  {]^j>,{°&«}    ;:~ 

PERPETUAL  EDITION,  without  Oatea. 
No.  1.     Containing  space  for  over  1300  names,  with  blank  page  opposite  each 

Visiting  List  page.  Bound  in  Red  Leather  cover,  with  pocket  and  Pencil,  $t>25 
No.  2.    Containing  space  for  2600  names,  with  blank  page  opposite  each 

Visiting  List  page.    Bound  like  No.  i,  with  Pocket  and  Pencil,    ....    1.50 

MONTHLY  EDITION,  without  Datea. 

No.  1.    Bound  without  Flap  or  Pencil, 75 

No.  2.        *'      with  Tucks,  Pencil,  etc 1.00 

These  lists,  without  dates,  can  be  commenced  at  any  time,  and  used  until  full, 
and  are  particularly  useful  to  young  physicians  unable  to  estimate  the  number  of 
patients  they  may  have  during  the  first  years  of  Practice,  and  to  physicians  in  locali- 
ties  where  epidemics  occur  frequently.  In  the  Monthly  Edition  the  patient's  name 
has  to  be  entered  but  once  each  month. 

"  Forcompletenesa,  compactness, and  simplicity  of  arrangement  it  is  excelled  by  none  in  the  market." — N.  y. 
Mtdkitl  Record. 

"  The  boolt  is  convenient  in  form,  not  too  bulky,  and  in  every  respect  the  very  best  Visiting  List  published." 
—Canada  MtdUal  and  Surgicai  Journal, 

"  After  all  the  triuts  maoe,  there  are  none  superior  to  it." — Gaillard's  Medical  Joumat. 

"  The  mo^t  popular  Visiting  List  exunt." — Buffalo  Medical  and  Surtictd  Journal. 

"  We  have  used  it  for  years,  and  do  not  hesitate  to  pronounce  it  equal,  if  not  superior,  to  any." — Souikerm 
Clinic, 

This  is  not  a  complicated  system  of  keeping  accounts,  but  a  plain,  systematic 
record  which,  with  the  least  expenditure  of  time  and  trouble,  keeps  an  accuri^te  and 
concise  list  of  daily  visits,  engagements,  etc. 


New  Text-Books. 
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Macalister's  Human  Anatomy.     8i6  Illustrations  (460 
which  are  Original).    Just  Ready. 

A  NEW  TEXT-BOOK  for  Sludcnts  and  Praclitioncrs,  Systematic  and  Topographii 
including  the  Kmbryolot^-.  Histology  and  Morphology  of  Man.  With  s[Mrcial 
reference  to  the  requirements  of  Practical  Surgery  and  Medicine. 
By  Alex.  Macalister,  m.d.,  r.R.s.,  r.s.A.,  Professor  of  Anatomy  in  the  Univer- 
sity of  Cambridge,  England;  Examiner  in  Zodlogy  and  Comparative  Anato: 
University  of  London  ;  formerly  Professor  of  Anatomy  and  Surgery.  Univc 
of  Dublin.     With  816  Illustrations,  400  of  which  are  original.    Octavo. 

Cloih,  $7.50;  Leather,  ySi 

*»*  Professor  Macalister's  reputation  as  an  Anatomist  and  Zoologist  is  such  thJl 
nothing  need  be  s.iid  of  the  scientific  value  of  this  book.  Regarding  the  illu&trauons, 
printing  and  binding  we  may  say.  however,  that  the  workmanship  is  of  the  best 
character  in  every  respect.  No  expense  has  been  spared  to  make  a  handsome  vc4* 
umc.  the  400  original  illustrations  adding  greatly  to  Its  appearance  as  weU  as  lo  fl 
practical  value  as  a  working  book  for  students  and  jAysicians.  ^ 

Potter's  Materia  Medica,  Pharmacy  and  Therapeutics^ 
Second  Edition.     Revised  and  Enlarged. 

A   HANDBOOK   OF  MATERIA   MEDICA.  PHAKMACY  AND  THERAPEtmCS — incluC 

the  Physiological  Action  of  Drugs,  Special  Therapeutics  of  Diseases,  OfBciat 
Extemporaneous  Pharmacy,  etc.    By  Sau'l  O.  L.  Potter,  m.a..  m.d.,  Profe 
of  the  Practice  of  Medicine  in  Cooper  Medical  College,  San  Francisco; 
A.  A.  Surgeon,  U.  S.  Anny,  Author  of  "Speech  and  its  Defects,"  and  the  "Qo 
Compcnds"  of  Anatomy  and  Materia  Mcdica,  etc.    Revised,  Enlarged  and 
oroved.     Octavo.     IVitA  Thumb  Index  in  eeuh  copy. 

Cloth,  $4.00;  Leather,  55.00 

"  The  author  hns  aimed  to  embrace  in  a  single  volume  the  essentials  of  practical  mmtettji 
mcdica  anJ  therapeutics,  and  has  produced  a  book  small  enough  for  euj  cvriagc  and  &a^  ref- 
erence, Urge  enough  to  conisin  a  carefully  digested,  but  full,  clear  and  wcll-ai ranged  dwm  qlj 
inrormatiuD.  lie  bos  ant  adhered  to  any  phamtacoporio,  ms  is  the  cose  of  certain  recent  manu 
thereby  limilitig  his  witik,  and  ic  this  day  of  new  remedies  causing  constant  diKojipointnieni,  1 
has  bruugbt  it  up  to  date  in  the  most  satisfaaory  way.  No  [icm-  temcdy  of  any  ncknnwlcd^ 
value  is  omitted  fioiii  ibis  list.  Under  each  the  lectnn  on  physiolo^col  action  and  iherapeuiics 
has  been  written  with  care.  ...  In  the  enumeration  of  drugs  suitctl  lo  different  dtsurder*  a 
very  Kuccciisrut  eOon  at  discrimination  has  been  made,  Ixxh  in  the  stage  of  dtKa.'<c  and  ID  the 
cases  peculiarly  suited  10  the  lemedy,  It  is  no  mere  li^t  of  diAeases  followed  l.iy  a  catxk^ 
of  drug».  but  is  a  digest  of  modern  therapeutics,  and  bs  such  wiU  prove  of  immeiise  lue  lo  \ 
poucKMir." — Tht  Thrraptutic  Gaiefte. 
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Winckel's  Obstetrics.     Original  Illustrations. 

a  text-book   of  obstetrics.  INCLUUING  THE  PATHOIXIGY  AND  THERAt 

OF  THE  pimRPKRAL  STATE.    By  Dr.  F.  Wisckfl,  Profcssof  of  GyDarcolo 
and  Director  of  the  Royal  University  Clinic  for  VVotncn.  in  Munich.    Authoticed, 
Translation,  by  J.  Clifton   Edgar,  m.d.,  Adjunct  Professor  lo  the  Chain 
Obstetrics,  Medical  Dept.,  University,  of  the  City  of  New  York,  with  nearly  ; 
handsome  illustrations,  the  majority  of  which  are  original  with  this  work.   Octal 

Cloth.  $6.00;  Leather,  ^i 
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